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Two All New Fiberglass Fume Hoods
blower are extra. Dimensions: 70" wide x 60"
high x 34" deep.

The familiar Fiberglass-47 has a built-in
motor, blower, light, and sash ... comes ready
to mount and plug in. Costs just S495.00.
Size: 47" wide x 60" high x 29" deep.

The new Fiberglass-70 (right above) offers
a smooth interior for easy washdown. It comes
complete with motor, blower, light, and sash.
Sells for only $875.00. Dimensions: 70" wide
x 60" high x 29" deep. Comes completely as­
sembled, ready to use.

For complete information contact your
dealer or send for a
colorful new 32-page
brochure.
Write Labconco,
8815 S. Prospect,
Kansas City, Mo.

~roining the already familiar and popular

Labconco Fiberglas~,-47 Fume Hood are two

brand new hoods--the Fiberglass-70 and Fi­

berglass Advance-70. Both new hoods offer

the same chemically resistant, fire retardant

fiberglass construction that has been so suc­

cessful in the Fiberglass-47.

The Fiberglass Advance-70 (left above)

features a seamless, one-piece interior. The

bade, sides, working; surface, and cup sink are

all molded at one time, thus eliminating
cracks, crevices, or seams that could collect

contaminates. The sash opening and air by­

pass of the Advance·70 are designed to mini­

mize air turbulence and eddies. A special light

is mounted outside the hood cavity, thus
mal:ntaining the smooth, unbroken line of the

interior. Comes complete with all utility con­

nections. Costs only S1185.00. Motor and

I.ABORA.'~rORYCONSTRUCTION COMPANY
Circle No. 56 on Readers' Service Card



WE'VE

SQUARED

AWAY

lHE FRACTION COLLECTOR!

You're looking at the new shape in Fraction Collectors-a compact,
practical rectangle that takes up only 26 inches of lab bench, yet
provides a full 250 tubes. The controls have been designed into a separate
transistorized unit which fits unobtrusively on the bench beside the
collector, or on a shelf above.

The space problem isn't the only thing our Model 132 squares away.
For example, identification of tubes is easier since the moving delivery
head fills one row at a time in a logical front-to-back order. Cleaning is
easier since each rack of 50 tubes can be washed without removing the
tubes. Timed-flow and drop-counting delivery are available at the
flick of a switch, and a simple accessory provides volumetric delivery.

If you're at all involved with column chromatography, send for
a copy of our compact, rectangular Fraction Collector brochure.

Write Spinco Division, Beckman Instruments, Inc.,
Palo Alto, California for File 132-7.

Beckman~ INSTRUMENTS, INC.

SPINCO DIVISION

PALO ALTO, CALIFORNIA

International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland; Paris, France; Tokyo, Japanj Capetown, South Africa

Circle No. 32 on Readers' Service Card
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YEAR WARRANTY

automatic fraction collectors

Rugged dependability, now backed up by LKB's 3-year
written warranty on the.: 310013 RadiRacrr fLlctioll

collectors. This warranty merc.:ly corroborate.:s the lind­

ings of users in laboratories througholl[ the.: world

\\hc.:re RadiRac fraction collectors are judged to be.: a

paragon of rc.:liability. Here is what the Institute for
Enzyme Research at the University of Wisconsin

re.:porred: "IVe'-ve beeu able to mo-ve these ttllits ill
dlld Ottt of the coldroom with 120 accompanyiug dilJi­
otities d1le to chct1tges ill temperatme and humidit),.
The other 1)oillt of comiderable importance is that
It!thollgh these IlIIits have sat idle for months cit a time,
l/!;eJlel'er they have been Pttt into opercttioJl, they have
Illllctiolled jJCIfectly."

The \\ide range of R,\diRac sub-units form a ilexible
system of fL\ction w]]ectors, from the simplest to the

most adv'\Ilcecl set-up. J\ssembJies for collection by
timed J!ll\\', volumcrric siphoning or drop counting
are available. Special components, such as sectional
tube racks fur LKB's patented square-wave filling,
distributor funnel for preparative work, and cooling
trough, add to the RadiRac's versatility.

Other compatible equipment from LKB includes
the :MiniFlow lvficropull1p, c.:lecrrophoresis columns,
and sensitive flo\\·-analyze.:rs such as the Conduc­

tolyzer, Uvicord UV Absorptiometer, and IvfuJtichan­
nel Absorptiometer.

For colllpleteinforlltatioH amI details on -lIJCI1'J'Clllfy,ll'rite for Liferl/ture File 5900 A12.m LKB Instruments Inc., 4'40 ",by A"., W"hio,IoO 14, D. C.
----- • 1'-"-'n-t-e-rn-a-t-ia-,,-a-'-H-e-a-d-qu-a-r-te-r-s.-,L-K-B-.P-r-a-d-u-kt-e-r-A-=B-,':"'p-,O-.B-.-7-2-2-2-0-,-S='ta-c-k-ha-'-m-j2-,-S-w-e-d-e-n-------
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the manufacture of laboratory fur­
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stand up to constant and unrelent­
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to creating ... You'll find them in

Duralab.

DURALAB EQUIPMENT CORP 303 Stanley Ave
o Brooklyn 7. N. Y.

\ta/lulac IUfrn art! f)('\lgl1en '/ Laho1(1(orv 1'~un1ftllr(' and EqUipment

Those who bind A"ALYTlCAL CHEMISTRY in two
volumes may obtain a second title page by writing
to The Editor, ANALYTfCAL CHEMISTRY, 1155 16th
Street, N. IV., Washington, D. C. 20036
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KOW~ CONTINUOUS-FLOW ELECTROCHROMATOGRAPHY
THAT'S FAST, EASY, EFFICIENT, ACCURATE-

IT'S THE MISCO CR-l SPECTROLATOR®

• Increased power for greater resolution in separations. 3,000 '1/
at 200 ma providing reliable and precise temperature, voltage
and amperage control.

• Integrated refrigeration system (an engineering advance in
itself) with automatic defrost, invaluable for long, continuous
runs.

• 27 to 54 fraction collection points.
• Reliable and constant control of electrochemical heat transfer

and electronically related equilibria.
• Resolution and pure fractions 50% to 100% greater than any

previously attainable.

Price includes installation and technical assistance in setting
up the unit in your laboratory anywhere in the U.S, (Hawaii and
Alaska additional cost.)

SCIENTIST
POURING IN
WHOLE
MACROSCULES

The MISCO CR-! Spectrolator doesn't look quite like
the illustration above, but it is certainly a most unusual
instrument. This significant advance in instrumenta­
tion is the result of years of research and development.
MISCO, a pioneer in electrochromatographic instru­
mentation, now offers a powerful research tool for the
analysis, separation and/or purification of such di­
verse complex entities as toxoids, vaccines, vitamins,
hormones, other purified injectables, RNA, DNA and
viral components in virology and, genetic research, fer­
mented potables, petroleum intermediates, solution
components in the tanning and paper-pulp industries,
and synthetic nutritional materials in space medicine.
If you have a special separation or purification proh­
lem in any of these or related fields, call or write us.

5? ~ ;;;;. Q"'" Q;:{;::; PURIFIEO
:r.: ')0( ,. :rt';JC MACROSCULES

THE CR-l IS A RESEARCH NECESSITY
TOPS FOR CONTINUOUS SEPARATION -TOPS FOR PURIFICATION -TOPS FOR COLLECTION

UNIQUE FEATURES OF THE CR-l

C',-0: ,. ,,, 1825.Eastsllore Hlpway • Berkeley 10, CellfDmla. .
_ j' ' Area Code 41,5. 843·1282
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Fully Accessible Pan

One Weight Knob

Plus-Minus Scale

Tare Indicator

Rapid Dial Taring

10 Gram Optical Range

Reading Device for Rapid
Weighing-in

P120 l\ new top-loading balance
'with < + 2 mg precision

For the first time a balance
offers the ruggedr.ess
and easy accessibility of a
top-loading pan, the fast
readability of a 10 gram
optical scale and precision
of <::: 2m~l.capacity120g.

It is ideally suited for
technical analyses, prepa­
ratory chemistry, weighing-in,
serial checkweighing,
batching and weighing-out.

If you would like to try this
new balance, or want
more detailed information,
contact your Mettler dealer
now, he will be glad to
arrange a demonstration
or trial.

IILLICL /' Il ®

Mettler
Instrument Corporation

20 Nassau Street
Princeton, New Jersey

-----------
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AC BRIEFS
Highlights of the scientific and technical articles in this issue

Anal. Chem. 35, 2030 (1963)

Anal. Chern. 35, 202B (19631

Ana I. Chem. 35, 2022 (1963)

Metal Chelates in Analytical Chemistry. A
Report of the 16th Annual Analytical Symposium

Various aspects of the role of metal chelates in analvtical
chemi try are discussed. Charged metal chelates are used
in titrimetry, as masking agents, and in ion exchange
separa.tlOns. Uncharged metal chelates are (he basis of
separations by precipitation, solvent extraction and
chromatography. Colorimetric, spectrophotometri~, ami
rachochemlCaJ procedures for metal ions are outlined.

QUINTUS FERNANDO, HENRY FREISER, and EDWARD N.
W~SE, Department of Chemistry, University of Arizona, Tucson,
A"z.

Ana I. Chem. 35, 1994 (1963)

Kinetic Origin of Tailing in Chromatography

Equations arc given for an idealized model for laililll!.
Concentration profiles are ohtained and plotted for both
elutIOn and nonelutlOn chromatograph,'. Tailing rna."
ongll1ate when a. sorption site exists whieh holds molf'cules
for a time equal to that necessary for one quarter of the
zone to pass by.

J. CALVIN GIDDINGS, Department of Chemistry, University of
Utah, Salt Lake City 12, Utah

Anal. Chem. 35,1999 (1963)

Fluorine-Containing Polymers as Solid Supports
in Gas Chromatography

To estahlish conditions for optimum separation, the eHects
of flow rale! temperature, sam])le Size, type of polymer,
and both kmd and concentratIOn of liquid phase were
studied. Supenor peak symmetry can often be obtained
for highly polar compounds using 'fluorocarbon and chloro­
fluorocarbon supports.

J. J. KIRKLAND, Industrial and Biochemicals Department, E. I.
du Pont de Nemours & Co" Wilmington, Del.

Anal. Chem. 35, 2003 (1963)

Contribution of Interfacial Resistance to Band
Broadening in Chromatography

The contribution of the resistance to mass transfer at
the interf'1<:e to t.he plate height has been evaluat.ed for
the basic forms of chromatography. It is shown that with
.1 he ex('epl ion of liquid-liquid chromat.ography, this effed
IS ll(~l-\hp;lble III companson WIth other band-broadening
lfIeehanJsms normally encountered.

G. J. KRIGE and VICTOR PRETORIUS, Department of Physical
and Theoretical Chemistry, University of Pretoria, Pretoria, South
Africa

Anal. Chem. 35, 2009 (1963)

A Combustion-Gas Chromatographic Method
for the Simultaneous Determination of Carbon
and Sulfur in Ferrous Metals

Carhon and sulfur are determined on a silica gel column
after comhustion. Combustion products are eluted by
temperature programming. A thermal conduct.ivity de­
Iecl or and an integrator are used for detection and
recording. Complet.e analysis time is 17 minutes. Stand­
ard deviations ranged from 0.02 to 0.001 for carbon in the
0.011 to 3.28% range. Sulfur compositions from 0.011 to
0.32!J% gave standard deviations of 0.001 to 0,012.

W. K. STUCKEY and J. M. WALKER, Department of Chemistry,
Kansas State College of Pittsburg, Pittsburg, Kan,

Anal. Chem. 35, 2015 (1963)

Carbon Determination in Ferrous Metals by
Gas Chromatography

The method permits detection of 0.0005% ('arhon. I':il!ht
different NBS steel and iron samples "'ith ('arhon con­
lents bet.,,·een 0.011 to 3.28% were run. The time required
is 20 minutes per sample.

J. M. WALKER, and C. W. KUO, Department of Chemistry,
Kansas State ColI~ge of Pittsburg, Pittsburg, Kan.

Anal. Chem. 35, 2017 (19631

Programmed Gradient Elution Chromatography
with the Steroid Analyzer

A gradient pumping syst.em which permits the polarity of
the eluting soh'ent to be varied at will is used for the
"onl rolled separation of adrenocortical hormones. Ex­
amples are given of the use of selected programmerl
gradients with seven adrenocortical hormones a.nd beef
adl'f'nal extract.

DANIEL FRANCOIS, DAVID F. JOHNSON, and ERICH HEFT·
MANN, National Institute of Arthritis and Metabolic Diseases,
National Institutes of Health. Public Health Service, U. S. De­
partment of Health, Education, and Welfare, Bethesda, Md.

Anal. Chem. 35,2019 (1963)

Quantitative Analysis of Aromatic
Hydrocarbons by Capillary Gas
Chromatography

Quantitati"e anab'sis of C. through Cn arolllatics is
a.p.complished using polar substrates in ca.pilla.ry columns.
Comparative elution data and spectra of several polar
subslrates are given. The st.udy includes over 30 avail­
niJ1C' compounds in the previously mentioned range.

JOHN Q. WALKER, Barber-Colman Co., Pasadena, Tex., DAN L.
AHLBERG, Research Division, Signal Oil and Gas Co., Houston
12, Tex.

Qualitative Analyses of Naphthalenes by
Capillary Gas Chromatography

The analysf's of naphthalenes, monosubstituted naphl ha 1­
rnes. and disubstilut.ed naphthalenes through C12 were in­
vestigat.ed using combination analytical techniques. A
gas chromat.ograph with capillary columns, a high tem­
!wrature flame ionization detector, and a special heated
inlet. s,'stem resoh'ed the 15 naphthalene compounds in­
,·est.iga ted.

JOHN Q. WALKER, Barber-Colman Co., Pasadena, Tex .. DAN L.
AHLBERG, Research Division, Signal Oil and Gas Co., Houston.
Tex.

Column Partition Chromatography of Vitamins
A and D on Fluoropak 80

The stationary phase is Fluoropa.k 80 impregnated with
iso-odane and the mobile phase is aqueous methanol.
l'he system is reversed-phase column chromatograph".
Examples of the use of this column for the separation of
yitamins A from D are given.

PHILIP S. CHEN, Jr., A. RAYMOND TEREPKA, and NANCY
REMSEN, Department of Radiation Biology, University of
Roch'9ster, N. Y.
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Anal. Chem. 35, 2091 (1963)

Ana I. Chem. 35, 2077 (1963)

Selective Separation of Polycyclic Aromatic
Compounds by Countercurrent Distribution
with a Solvent System Containing
Tetramethyluric Acid

Distribution coefficients measured for other representa­
tive polycyclic aromatic hydrocarbons and heterocyclic
compounds indicate the general utility of the separation
method.

JAMES D. MOLD, THOMAS B. WALKER, and LEE G. VEASEY,
Research Department, Liggett and Myers Tobacco Co.. Durham,
N. C.

Anal. Chem. 35, 2071 (1963)

A General Method for the Chromatographic
Separation of Nonionic Surface-Active Agents
and Related Materials

Separation is achie\'ed using silica gel as adsorbent.
Elution is accomplished successively with chloroform and
mixtures of chloroform and ethyl ether, acetone, or
methanol. Result obtained with a number of three- and
four-component mixtures are described. General rule
that more hydrophilic mftterial requires more polar solvent
to elute is followed.

MILTON J. ROSEN, Department of Ch~mistry, Brooklyn College
of the City University of New York, Brooklyn, N. Y.

Anal. Chem. 35, 2074 (1963)

Separation and Determination of Iron (II) and
Iron (III) with Anthranilic Acid Using Solvent
Extraction and Spectrophotometry

Iron(lII) forms a precipitate with anthranilic acid which
can be extracted into organic liquids, leaving iron(II)
behind. Absorbance of the iron(IIl) anthranilate is pro­
pOt·tional to the amount of iron(III) present. Relative
error for the method is 20/0.

DONALD L. DINSEL and THOMAS R. SWEET, Department of
Chemistry, McPherson Chemica I La bora tory, The Ohio State
University, Columbus 10, Ohio

Liquid-Liquid Extraction of Cesium with
2-Thenoyltrifluoroacetone

Recent developments for the inhibition of hydrolysis of
2-thenoyltrifluoroacetone provide the basis for quantita­
tive extraction of cesium under a variety of conditions.
Method is applicable to either trace or macro quantities
of cesium. Applications for both analytical chemist and
separations technologist are proposed.

PETER CROWTHER and FLETCHER L. MOORE, Analytical
Chemistry Division, Oak Ridge National Laboratory, Oak Ridge,
Tenn.

Anal. Chem. 35,2081 (1963)

Adsorption of the Elements on Inorganic Ion
Exchangers from Nitrate Media

The distribution coefficients of 60 metal ions were meas­
ured for hydrous zirconium oxide, zirconium phosphate,
zirconium tungstate, and zirconium molybdate ion ex­
changers from nitrate media over the pH range of 1 to
5. Separations of analytical interest are given.

WILLIAM J. MAECK, MAXINE E. KUSSY, and JAMES E. REIN,
Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho

Anal. Chem. 35, 2086 (1963)

The Application of Stripping Analysis to the
Determination of SilverCD Using Graphite
Electrodes

The wax-impregnated graphite electrode was used in these
studies. The method was applied to solutions of silver
ion as dilute as 4.0 X 1O-9M. The general characteristics
of graphite electrodes were evaluated.

S. P. PERONE, Department of Chemistry, Purdue University,
Lafayette, Ind.

Polarographic Determination of Nitrite as
4-Nitroso-2,6-xylenol

The described method permits the simultaneous determi­
nation of nitrite and nitrate in samples containing a large
excess of the latter. The overall reproducibility of the
method is less than 1% (expressed as relative standard
deviation) .

A. M. HARTLEY and R. M. BLY, Department of Chemistry and
Chemical Engineering, University of Illinois, Urbana, III.

Anal. Chem. 35, 2094 (1963)

The Tubular Platinum Electrode

The construction and operation of a tubular platinum
electrode are described. Electrochemical measurements
can be made on a solution flowing through it. Sensitivity
is high, electroactive substances being detectable at con­
centrations below lO-8M.

W. J. BLAEDEL, C. L. OLSON, and L. R. SHARMA, Chemistry
Department, University of Wisconsin, Madison, Wis.

Anal. Chem. 3'5,2100 (1963)

Polarography in Fused Alkali Metaphosphates

Polarograms were obtained with a cell consisting of a
platinum microelectrode inserted in a melt contained in a
platinum crucible. The platinum crucible served as a
massive and nonpolarizable anode. Twenty oxides and
compounds were studied.

ROY D. CATON and HARRY FREUND, Department of Chemis­
try, Oregon State University, Corvallis, Ore.

Anal. Chem. 35, 2103 (1963)

Polarography of Lanthanum (III) ,
Praseodymium (III). and Ytterbium (III) in
Anhydrous Ethylenediamine

Anhydrous Yb(IIl), La(lII), and Pr(lII) acetates in an­
hydrous ethylenediamine gave a double irreversible wave
for Yb (-0.411, -0.747 volt) and single irreversible
waves for La and PI' (-0.565, 0.571 volt).

LARRY C. HALL and DAVID A. FLANIGAN, Department of
Chemistry, Vanderbilt, Nashville, Tenn.

Anal. Chem. 35, 2108 (1963)

Anodic Stripping Voltammetry of Gold and
Silver with Carbon Paste Electrodes

In the described procedure, the effects of electrode mate­
rial, electrode area, supporting electrolyte, deposition po­
tential, deposition time, deposition solution volume, stir­
ring rate, and anodic voltage scan rate are discussed. De­
terminations of as little as 1.0 p.p.b. of gold and 0.25 p.p.b.
of silver were made with about 100/0 relative error.

EMMETT S. JACOBS, Jackson Laboratory, E. I. du Pont de
Nemours & Co., Inc., Wilmington 99, Del.

Anal. Chem. 25, 2112 (1963)
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Here's a brand new low-priced
gas chromatograph that gives you

single or dual flame operation, automatic programming, and more!

RSCo's new Model 62 is the only flame ionization gas chromatograph you can buy for $950.
Add dual flame operation and automatic temperature programming and you have the most
versatile, low-cost unit now available. The Model 62's wide range of accessories-separate detector
over,s, sampling valves, input splitters, and flow meters-give it the versatility of a modular unit. 0

Start with a basic model and add accessories as your needs expand. Good way to stretch a
capital-expenditure budget? You bet. RSCo also ~_
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makes the matchless 600 Series modular gas <11
chromatography system. (It costs more, of course, ,"'.
but. you can't buy a better one at any price.)
Wr;i:e us. We'd like to send you complete details. 200 SOUTH GARRARD BLVD.' RICHMOND, CALIFORNIA
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Determination of Some Heavy Metal Ions by
Complexometric Titration with Sodium Azide
Indicator

Copper and iron are uetermined in acid solution by titra­
lion against (ethylenedinitrilo)tetraacetic acid (EDTA)
using sodium azide as an indicator. Zn, AI, and Ni can
also be determined by back-titrating the excess EDTA
addeu against a standard copper solution, using the
:tziJe as an indicator.

F. G. SHERIF and B. I. RAAFAT, Chemistry Department, Faculty
of Science. University of Alexandria, Alexandria, Egypt, U.A.R.

Anal. Chem. 35, 2116 (1963)

Extraction of Submicrogram Amounts of
Molybdenum with Cupferron-Chloroform Using
Molybdenum-99

The extraction gi\'es a distribution ratio of over 200
betll'een chloroform and aqueous phases. Over 90% of
Mo can be separated in one extraction when only 0.1
IJ.g. is present in 1 liter of aqueous phase. Bone can be
ashed at temperatures up to 850 0 C. without loss of Mo.

W. B. HEALY and W. J. McCABE, Soil Bureau, and Institute of
Nuclear Sciences, Department of Scientific and Industrial Re­
search. Wellington, New Zealand

Anal. Chem. 35, 2117 (1963)

Spectrophotmetric Estimation of Copper (I)
Using Rubeanic Acid

The molecular formula of the complex is determined by
the method of continuous variation and the probable
.'tnll'tllre of the complex is indicated. The method is
applicable in a concentration range of 2 to 12 p.p.m. of
Cu(l).

AGNES PAUL, Alagappa Chettiar College of Technology, Uni­
versity of Madras, Madras, India

Anal. Chem. 35, 2119 (1963)

Indirect Ultraviolet Spectrophotometric
Determination of Silicon

After extraction of the heteropoly acid with pentanol­
diethyl ethel', the molybdosilicic acid is stripped with a
basic buffer solution. The absorbance of the aqueous
molybdate solution is measured at 230 or 210 mlJ..

LOUIS TRUDELL and D. F. BOLTZ, Department of Chemistry,
Wayne State University, Detroit 2, Mich.

Anal. Chem. 35, 2122 (1963)

Visible Absorption Characteristics of the
Bis- (2,9-dimethyl-1,l O-phenanthroline) -and
His- (4,4',6,6'-tetramethyl-2,2'-bipyridine)­
Copper(1) Ions

The absorbing species in solution for the determination of
copper using 2,9-dimethyl-l,10-phenanthroline (dmp)
and 4,4',6,6'-tetramethyl-2,2'-bipyridine (tmb) are the bis
eomplex ions, [Cu(dmp),]+ and [Cu(tmbl,]+, respectively.
Interferences are discussed.

J. R. HALL, M. R. L1TZOW, and R. A. PLOWMAN, Chemistry
Department, University of Queensland. Queensland, Australia

Anal. Chem. 35,2124 (1963)

Purity Examination of Silicon and Germanium
Halides by Long-Path Infrared
Spectrophotometry

Dissolved gases and volatile compounds, and especially
organic contaminants, can be detected by the described
method. Impurities in the range 1 to 200 p.p.m. can be
detected by examination of the infrared absorption spec­
trum of 10-cm. liquid layers of silicon and germanium
tetrahalides.

MYRON J. RAND, Bell Telephone Laboratories, Inc., Allentown,
Pa.

Anal. Chem. 35, 2126 (1963)

Sensitive and Selective Spectrophotometric
Reaction for Determination of Trace Amounts of
Calcium

Calcium down to the O.1-p.p.m. level is determined using
Calcichrome, c.'·clo-tris-7- (l-azo-8-hyd roxynaph thalene-3,
6-disulfonic acid. At pH 12 and 615 mlJ., the procedure
has a molar absorptivity of 7600.

MANOLITA HERRERO-LANCINA and T. S. WEST, Chemistry De­
partment, The University of Birmingham, Birmingham 15, England

Anal. Chem. 35, 2131 (1963)

Simultaneous Determination of Niobium and
Tantalum by Neutron Activation Using
Niobium-94m and Tantalum-182m and Rapid
Radiochemical Separations

Samples are irradiated for 10 minutes in a neutron flux of
10'2n . cm.-' second-'. After simultaneous separation of
niobium and tantalum, niobium-free tantalum is extracted
with l-pentanol(n-amyl alcohol). Niobium and tantalum
are determined in rock, stainless steel, and graphite sam­
ples.

CHONG K. KIM and W. WAYNE MEINKE, Department of Chem­
istry, University of Michigan, Ann Arbor, Mich.

Anal. Chem. 35, 2135 (1963)

Evaluation of Some Analytical Procedures for
Niobium-Base Alloys

Conventional chemical and vacuum fusion procedures for
carbon, hydrogen, and O},.-ygen are evaluated. Ohemical
and optical spectrographic solution procedures for deter­
mination of alloying amounts of Mo, W, Ti, and Zr are
discussed. Data from round-robin analyses of samples
from the three niobium alloys are examined.

J. P. McKAYENEY, Central Research Laboratory, Crucible Steel
Co. of America, Pittsburgh 13, Pa.

Anal. Chem. 35, 2139 (1963)

Method and Apparatus for Determination of
Small Isotopic Oxygen Variations in Beryllium
Oxide

The described method was tested for 1- to 5-mg. samples
of finely ground BeO containing 0.2 to 2.0 atom per cent
of the oxygen as 0'8. The standard deviation among 19
successive samples was ±0.002 when the 0 '8 abundance
was about 0.2%.

R. A. MEYER, S. B. AUSTERMAN, and D. G. SWARTHOUT, North
American Aviation Science Center, North American Aviation,
Inc., Canoga Park, Calif.

Anal. Chem. 35, 2144 (1963)
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Research gave it
greater rubber
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with glass tubing,
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age and freezing.
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ance to set and
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non-blooming.

It's longer last­
ing, too - has
longer shelf-life
with minor (if
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hardness.

Illustrated is our basic BLACK RUBBER stopper (#M29). This stopper answers the bulk of laboratory
requirements, at low cost. Yet even here, MP quality has evolved a superior stopper. Consider the
improvements in other grades: Isoprene PURE GUM (#M18) that floats; sulphur·free GREEN NEOPRENE
(#M35) that resists 1'500 C temperatures! All come in your choice of solid, one-hole and two-hole types.
All are packaged in fifty-pound bulk, five-pound box, and one-pound poly bags. Choose the most convenient
combil ation for your own needs. MP stoppers are available now at your laboratory supply house - part
of an exciting, growing line of educational, industrial, and pharmaceutical products. 6. The MP triangle
molded on top is your sign of a superior stopper. You can trust the triangle.
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DIVISION: EASTHAMPTON RUBBER THREAD CO.
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A Mass Scale Based on CHz = 14.0000 for High
Resolution Mass Spectrometry of Organic
Compounds

The advantage of this scale is that ions differing by one
or more CH2 groups have the same mass defect. Tables
of mass defects for combinations of H, C", CIa, N, 0, S",
and S" are given.

EDWARD KENDRICK, Analytical Research Division, Esso Re­
search and Engineering Co., Linden, N. J.

Anal. Chem. 3'5, 2146 (1963)

A Solid State Digitizer for Mass Spectrometers

Digitizer accepts ion peaks and acceleration voltage sig­
nals, converts the analog signals to digital, and presents
the data on punched paper tape and printed output. De­
signed primarily for use in round-the-clock operations, the
digitizer results in savings in labor and cost, and increases
the number of samples handled by 66%. Standard devia­
tions are ±0.1 mass number up to mass 125 and ±0.25
mass number up to mass 250.

E. M. THOMASON, Instrument Department, Hydrocarbons Divi­
sion, Monsanto Ch"mical Co., Texas City, Texas

Anal. Chem. 35, 2155 (1963)

Ultramicrodetermination of Iodine by a Rapid
Automatic Reaction-Rate Method

The method is based on the Sandell-Kolthoff reaction, in
which a trace of iodine or iodide acts as catalyst for the
reduction of Ce(IV) in the presence of As(III). Iodine
in the range of O.oI5 to 0.45 /Lg. was determined with a
relative error of about 1 to 2%.

H. V. MALMSTADT and T. P. HADJIIOANNOU, Department of
Chemistry and Chemical Engineering, University of Illinois, Ur­
bana, III.

Anal. Chem. 35, 2157 (1963)

A Simple Instrument for the Direct
Determination of Dielectric Constants of Liquids
over a Wide Range of Values

A solid state instrument which uses the capacity-substitu­
tion method is described. Dielectric constants of ma­
terials with • values of up to 35 can be determined with
a relative error of less than 1%. Typical results with 12
liquids are presented. Drift and reproducibility are dis­
cussd, as well as sensitivity.

P. P. MALONEY and R. NELSON SMITH, Department of Chem­
istry, Pomona College, Claremont, Calif.

Anal. Chem. 35, 2161 (1963)

Determination of Moisture in Ion Exchange
Resins by Karl Fischer Reagent

Analysis is carried out by direct titration in methanol or
pyridine solvent. Data are given comparing the Karl
Fischer titration results with zylol distillation. The data
obtained by adding known amounts of H20 and titrating
are given.

FRANK X. POLLIO, Rohm & Haas Co., Philad"lphia, Pa.

Anal. Chem. 35, 2164 (1963)

Correction of Luminescence Spectra and Calcu­
lation of Quantum Efficiencies Using Computer
Techniques

A method for the calibration of an Aminco-Kiers Spectro­
phosphorimeter with fluorescence attachment is described.
A computer program was written to correct recorded
spectra and provide a printout of the corrected spectrum
in units of quanta per unit frequency interval t's. fre­
quenc~'.

HARRY V. DRUSHEL, A. L. SOMMERS, and ROBERT C. COX,
Esso Research Laboratories, Humble Oil and Refining Co., Baton
Rouge, La.

Anal. Ch"m. 35, 2166 (1963)

Determination of Propylene in
Ethylene-Propylene Copolymers by Infrared
Spectrometry

Copolymers of ethylene and propylene yield vinyl and
\'inylidene unsaturation on p~'Tolysis. The ratio of the
infrared absorption of the vinyl groups to that of the
vinylidene groups varies with the mole fraction of propyl­
ene in ethylene-propylene copolymers.

JAMES E. BROWN, MAX TRYON, and JOHN MANDEL, Na­
tional Bureau of Standards, Washington 25, D. C.

Anal. Chem. 35, 2172 (1963)

Flame Photometric Microdetermination of Boron
in Organoboron Compounds

The method requires decomposition of weighed samples,
preparation of standard-added solution and dilute sample
solution, and measurement with a flame spectrophotom­
eter. The relative error is within 1% of the tneory.

TAMOTSU YOSHIZAKI, Shionogi Research Laboratory, Shionogi
& Co., Ltd., Fukushima-ku, Osaka, Japan

Anal. Chem. 35, 2177 (1963)

Spectrophotometric Determination of Nitrogen
in Total Micro-Kjeldahl Digests. Application of
Phenol-Hypochlorite Reaction to Microgram
Amounts of Ammonia in Total Digest of
Biological Material

One to 15 /Lg. of nitrogen (as ammonia) can be determined
by the described method. Absorptivity of colored solu­
tions is constant with JH. concentration from 0.1 to 1.5
/Lg. per m!. Those solutions too dark for direct spectro­
phot.ometric determination ma~' be diluted without loss
of linearity.

LEWIS T. MANN, Jr., Laboratory of Chemical Pathology, De­
partment of Pathology, Harvard Medical School, Boston 15, Mass.

Anal. Chem. 35, 2179 (1963)

Sensitive New Methods for Autocatalytic
Spectrophotometric Determination of
Nitrite through Free-Radical Chromogens

Some ne\\' methods more sensitive than others reported in
the literature are presented. Evidence shows that free
radicals are obtained in all the procedures. Advantages
and disadvantages are discussed and suggestions are given
for the application of the procedures to solutions contain­
ing d~les, large amounts of sulfite, or minute amounts of
nitrite.

EUGENE SAWICKI, T, W. STANLEY, JOHN PFAFF, and HENRY
JOHNSON, Division of Air Pollution, Robert A. Taft Sanitary
Engineering Center, Public Health Service, Cincinnati 26, Ohio.

Anal. Chem. 35, 2183 (1963)

VOL. 35, NO. 13, DECEMBER 1963 • 17 A



aComple,te McPherson Vacuum U.V. Laboratory, with perfectly matched instrument and accessories for

critical scienl;ifk studies, is availoble on a commercial basis, at moderate prices. With a wide range of scanning monochromators

to select fror~-all with provision for modification through standardized McPherson equipment-instrumentation can be set up for

almost any 'lClCuum ultraviolet e~.periment. Precision optical, mechanical and electronic systems are combined in attractive, compact

units, 'each ,:,ne de!,igned, facto~'y assembled and adjusted for o:ompatibility. A letter or call to McPherson will bring full details

on how components from the; ndustry's most complete line can be mated, or custom instruments developed, to give you the exact

laboratory you need to fulfill 'lour vacuum U.V. research requirements.
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Direct Quantitative Isolation of Monocarbonyl
Compounds from Fats and Oils

The procedures were used in determining the carbonyl
constituents of fats, oils, extracts of cheese, and whole
milk powders. Theoretically all carbonyl compounds
capable of forming a 2,4-dinitrophenylhydrazone under
the given conditions are isolated lipide-free.

D. P. SCHWARTZ, H. S. HALLER, and MARK KEENEY, Dairy
Products Laboratory, Eastern Utilization Research and Develop.
ment Division, Agricultural Research Service. U. S. Department of
Agriculture, Washington 25, D. C.

Anal. Chern. 35, 2191 (1963)

Critical Study of Different Methods for
Determination of Chlorite

Methods for the determination of hypochlorite and chlo­
rate with special reference to their behavior for chlorite
determinations were studied. A procedure using am­
monium sulfate for chlorite determination was developed.

M. H. HASHMI and A. A. AYAZ, West Regional Laboratories,
Pakistan Council of Scientific & Industrial Research, Lahore, Paki.
stan

Anal. Chern. 35, 2/94 (1963)

Determination of Normal Alpha.Olefins by
Hydrobromination

Normal alp'ha-olefins in olefinic mixtures within the
Ccrc,. range may be determined with a relative error of
1.3%. Normal alpha-olefins are converted by hydrobro­
mination in the presence of lauroyl peroxide to normal
primary alkyl bromides, which can be separated on Mo­
lecular Sieves.

JOSEPH C. SUATONI. Gulf Research and Development Co.,
Pittsburgh, Pa.

Anal. Chern. 35, 2196 (1963)

Reflectance Fluorescence Spectra of Aromatic
Compounds in Potassium Bromide Pellets

The measurements were made in the concentration range
of 0.00002 to 0.2 mole of solid aromatic compound per
gram of KBr. For some hydrocarbons the appearance of
the spectra were concentration-dependent.

B. L. VAN DUUREN and C. E. BARDI, Institute of Industrial
Medicine, New York University Medical Center. New York, N. Y.

Anal. Chern. 35,2198 (1963)

Oxygen Determination in Rocks. Minerals. and
Water by Neutron Activation

Two-gram samples of rocks and minerals are used to
determine oxygen from the reaction O'6(n,p)N16

• The
method permits about 80 analyses per day and is nonde­
structive. Relative standard deviation is 0.39%. Inter­
ferences from F and B in rocks are taken into account.

ALEXIS VOLBORTH and H. E. BANTA, Oak Ridge Institute of
Nuclear Studies, Oak Ridge, Tenn.

Anal. Chern. 35, 2203 (1963)
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FACTORIES LABORATORIES
HOSPITALS

SCHOOLS EXPERIMENT STATIONS

-60'C

The ideal circulating thermostat for today's
crowded laboratories is the Haake Model "F". Due to
its light weight and compact design it can easily be
moved around and occupies a minimum of space. It
is ideal for any type of instrumentation or for ambu­
latory use with clinical appliances which require tem­
perature control. Some typical applications include
such liquid jacketed instruments as spectrophotom­
eters, refractometers, viscometers and blood pH equip­
ment. Accuracy to ± O.OloC. Pumps 2 112 gal/min.
Available with or without suction pump. All models
are equipped with a cooling coil for control below
ambient temperature and may be used at tempera­
tures to -60'c in conjunction with a heat exchanger.

BRINKMANN
CANTIAGUE ROAD, WESTBURY, N.Y. 11580
ST L.OUIS • CHICAGO. HOUSTON. CLEVELAND. P""L,o.OELPHIA • SAN l=Q4NC,SCO

INSTRUMENTS
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New detector adjusts
for cross section or

•b electron attachment response
8 Barbe;-Colman Model 5120 Gas Chromatography Detector

achieves optimum response to electro-negative compounds and permanent gases by adjustment of
the 1 cm diameter electrodes over an inter-electrode spacing range of 1 to 25 mm.

This outstanding feature provides several distinct modes of operation, giving the
user the capabilities of many detectors for the price of one.

Excellent sem,itivity and linearity are obtained with H 2 carrier gas in the cross section mode.
Still higher sensitivitio=s to permanent gases with slight non-linearity is obtained with Helium

or Argon carriers. The chromatograms below demonstrate typical response
to permanent gases and electro-negative compounds.

:Model 5120 DetEdor is usable with all Barber-Colman instruments, including the new
Series 5000 Selecta-System. Write to Barber-Colman for further data.

4

Dete:tor Model 5120 IPM 1/3
Ar';,(,n Carrier Volt. 9 Range: 6xl0-"
Column: 5' x 1/4" AI. tubing, 13X
Mol. Sieve, 60-70 mesh.
Te.mp. DC: Col. 40; dtr. 190
FI:M: 40 ml/min.
Electrode Spacing-1 mm.

1. 1.6 ul. H,
2. 0.3 ul. 0,
3. 2.3 ul. N,
4. 0.8 ul. CO
ii. 0.02 ul. CH,

I.'
. !

:: L;
:\1111

\.'·L

Detector: Model 5120
IPM 1/3 Sample: Amino
Acid Deriv.' Size 1.0 ul.
Volt. 37.5, Range 1x10-'
Carrier N, liq. Phase
4% NGS, Anakrom ABS
Column: Glass, 4ft.:
00 7mm, 10 5 mm.
Temp. DC: Col. 227,
F.H. 300, Dtr. 225
Column flow 220 ml/min.
Electrode Spacing-10 mm.
'DNP Esters 5 nanograms
1. Solvent .. Methanol
2. Glycine

.-, 3. Valine
\J '------------ 4. Isoleucine

"

COMPANY

Electrode Spacing
-10mm.

Sample: Insecticides
Size 0.5 ul
Dtr.: Model 5120
Range: 1 x 10-' Volt. 40
liq. Phase: 2-1/2% S.F.
96 (600,000 c.s.)'
Carrier 10 psi N.
Col.: glass Length 2'
00 5mm ID 3mm
Temp, DC: Col. 180
F.H. 240 Detr. 180
Flow: (ml/min,) Col. 55
Scav.O Split 0 '100/110

I Anakrom ABS.

~I
I
' \ 1, Solvent Heptane C,H"

I 2. lindane

U
I

3. ~~~;t~~~nC.H.CI.)"

L
1.2 ng. CIOH"NO,PS

I 4, Sulphenone'0- 0.42 ng. C"H.CIO,S
5. Ethlon

2.0 ng, C.H"O,P,S.
6. EPN

3.1 ng. C"H"NO,PS
"1 ng. = 1 x 10-' g.

, ]

MINUTES ---

2

4

HELIUM CARRIER, ,48

BARBER-COLMAN
Dept. X, 15104 Rock Street, Rockford, Illinois, U.S.A.

BARBER-COLMAN of CANADA, Ltd., Dept. X, Toronto & Montreal. Export Agent: Ad. Auriema, Inc., N. Y,

HELIUM CARRIER, ,8

Detector Model 5120 IPM 1/3
Helium Carrier Volt. 300
Range 3x10-", at x 1
Column: 5' x 1/4" AI. tubing, 13x
Mol. Sieve, 60·70 mesh
"emp. DC: Col. 40, Dtr. 190,
Flow: 40 ml/min.
electrode Spacing-1 mm.

1. 2.0 ul. H,
2. 0.1 ul. 0,
3. 1.9 ul. N,
4. 1.0 ul CO

•
ARGON CARRIER
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New NAPeO 1000 Series! "What's so new about it?"

Here's what's new

1. More work space in less lab space.
2. Sensible, easy to use controls.
3. Convenient door handles and

card holder.
4. Self opening and closing

latchless doors.
5. Clean, uncluttered interiors.
6. Adjustable glides for leveling.

Refreshing design features and
impressive performance show you that
.the NAPCO 1000 series is not just
another line of laboratory apparatus. It's
designed with a number of

advantages that are well worth
remembering. You might call them
common sense . . . we call them the
reason why the NAPCO 1000 series
is truly new. Here's a solution to so
many of the problems you have
possibly had with other lab equipment,
and yet the price is modest
($90.00 to $485.00). We think you're
going to find it hard to forget
NAPCO 1000.

Why not tear this ad out and save it? Or
better yet, we'll be glad to supply
you with the name of our nearest
representative or send you a copy
of our brochure 6319.

NATIONAL APPLIANCE CO.

P.O. Box 6408
Portland, Oregon 97223
Phone: Area Code 503,
ME 9-3161

napeD
1000 SERIES



SIP Agtron ... for any food industry application where color changes make

a shade of difference in quality control
Shades of color may be detected with the naked
eye, but in the food industry where the grade of
color counts-that's a job for the Agtron. It is
ideally suited to control the color of your finished
product whether it's powder, liquid, paste, granule
or some oU11~r form. This extremely accurate unit
projects the slightest color changes over a 100­
point sprea.d on a direct reading meter. Thus,
you can assign constant numerical values to
colors and, since all Agtrons read the same, set
up a scale that can be used the world-over be­
tween plants, companies or industries. In
Pillsbury's Quality Control Laboratory, the

Agtron is used routinely to measure the ash
content of flour. Built to withstand rugged in­
plant treatment, the Agtron provides a new
approach to color measurement by recognizing
that color control problems cannot be solved by
slow, complicated laboratory methods and in­
struments. If color control makes a shade of differ­
ence to you, write our Evanston Office and we'll
arrange a demonstration.

No. C6925-Agtron, general purpose $ 875.00

No. C693Q-Agtron, specially designed for
determining ash content of flour .. $1,050.00

•
' scientific products

DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION

GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS

Regional Offices: Atlanta·' Boston' Charlotte' Chicago' Columbus' Dallas' Detroit· Kansas City' Los Angeles
Miami' Minneapolis' New Orleans' New York' San Francisco' Seattle' Washington, D. C.

Export Department-Flushing 58, L. I.. New York. In Canada: Canadian Laboratory Supplies Limited.
in Mexico: Holfmann·Pinther & Bosworth, S. A.
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Gammascope'"

IOO-channel pulse height analyzer with visual single-channel window

$5990 (including digital printer)
• high voltage supply. linear amplifier. live timer • live time
meter. add/subtract logic. output for totalizing counts. static
or dynamic display. digital print-out

Here is a 100-channel analyzer with all the advantages of multi­
channel operation yet it is comparable in price to single-channel
scanning spectrometers. The GAM MASCOPE will complete a
spectrum analysis much faster- with less difficulty in set-up and
calibration-than any single-channel system. The GAM MASCOPE
measures gamma rays, beta particles, high energy protons,
charged particles, and fission products. Typical applications are
neutron activation analysis, "singles spectra" monitoring, ex­
periment set-up, medical studies, nuclear physics education
and health physics monitoring.

The variable single-channel window enables the experimenter to
integrate the counts stored within any selected area of the dis­
played spectrum. The selected area is intensified on the spec­
trum display. The advantage is accurate study of peaks or any
other segment of the over-all spectrum. For laboratories now us·
ing single-channel scanning systems the advantages of a GAM­
MASCOPE are these:

Time-saved - The GAM MASCOPE, with automatic operation and
100-channel storage capacity, will analyze and display a complete
spectrum in a small part of the time required when manual oper­
ation or auxiliary scanning equipment such as motor drives,
stepping motors and electronic sweeps are used.

Size - The GAM MASCOPE and its digital printer will essentially
replace an entire rack of equipment.

Accuracy - The GAMMASCOPE with digital printer read-out pro·
vides more accurate results than the normal analog read-out of
single-channel spectrometer systems.

Energy calibration -In the GAMMASCOPE, energy calibration is
simplified by a visual representation of the energy spectrum.

Short-lived isotopes - The GAM MASCOPE will effectively handle
analysis of short-lived emitters whereas single-channel systems
often require counting times that exceed the isotope's half-life.

$5990 including digital printer f.o.b. North Haven
slightly higher overseas

The GAMMASCOPE is fully described in a new brochure that is
available from your nearest TMC office or from the main office of
Technical Measurement Corporation, 441 Washington Ave., North
Haven, Connecticut - Telephone: 203-239-2501.

TECHNICAL MEASUREMENT CORPORATION
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rTLC
SAVES
TIME ,1),3,4,5,6,7 g

I

~UST 15 MINUTES
is often enough for a complete

separation by Thin Layer Chromatography.

And, the horizons of the technique continue to expand.
New accessories and new adsorbents are being added reg­
ularly to the DESAGA/BRINKMANN Apparatus. Do you
know about our stainless-steel applicator for silver nitrate
slurries? Our stainless-steel mounting board? Our new
preparative dosing system? Our new labeling template for
antioxidants? Our new inexpensive assembly for schools?
Do you know about Silica Gel H which is fast becoming
THE standard adsorbent, and is better for everyone?

If you have any doubts about being on our mailing list,
just drop us a card. We'll be glad to send you up-to-date
information.

Circle No. 34 on Readers' Service Card
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6733 6722,3 6746 6754

Acomplete line of room-temperature
liquid scintillation systems- write for details.

MODEL 6733-a semi-automatic system for use with
your present scaler. $4,375.

MODEL 6723-a 50-sample automatic system with
two scalers and lister/calculator. $10,800.

MODEL 6722-as 6723, but with lister only. $9,900.

MODEL 6746-a 50-sample automatic system with
single scaler and lister. $7,750.

MODEL 6754-a semi-automatic system with single
scaler. $6,350. NUC,B.3.254

EXPORT PRICES SLIGHTLY HIGHER.

~
DEPENDABLE

SERVICE
"-.J EVERYWHERE

-1f nuclear-chicago
CORPORATION

e
351 East Howard Avenue, Des Plaines, Illinois· Telephone 312827-4456
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MS7 M£t\.SS SPECTROMETER
high sensitivi.ty
better than one part per billion for many elements

rapid analysis

less than one hour to deiect one part per billion;
15 minutes for one parr per million

unifcorIll serlsitivity

ionization rate is essentially the same for

all the elements

siIll-ple data presentation
photoplates record all elements simultaneously

high resolu.tion
double focusing separates background from
trace element lines

The AEI MS7 Mass Spectrometer is marketed by us in the
U.S.A. For details, call any local Picker ollice or write
Picker X-Ray Corporation, White Plains, New York.
Inquiries from areas outside the U.S.A. should be di­
rected to Associated Electrical Industries Export Ltd.,
Manchester, England, for prompt handling.

ease of operation

does not require a highly trained technician
Circle No. 83 on Readers' Service Card
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The Analysis of a Profession

by David N. Hume, Professor of Chemistry, Massachusetts Institute of Technology, Cambridge 39, Mass.

This Report for Analytical Chemists is the text of the Fisher Award Address
given on April 2, 1963 at the Spring National ACS Meeting in Los Angeles
by the recipient, Dr. David N. Hume. In the address, Dr. Hume discusses
the nature of analytical chemistry as a separate discipline and the re­
sponsibilities of the teacher of analytical chemistry

ONE OF THE MOST difficult prob-
lems facing the analytical

chemist today is that of explaining
to others just what analytical chem­
istry is. 1'I'Iuch of the difficulty
derives from changes in the nature
of the profession and the fact that
a given word may have a whole
spectrum of meanings. Even the
very general definition of an an­
alytical chemist as one who deter­
mines the composition of matter (in
contrast to the synthetic chemist
who prepares, purifies, and isolates
chemical compounds) leads to a
paradox if wc compare the synthetic
organic chemist determining the
structure of his product by infrared,
~MR, and mass spectrometry with
the analyst preparing, purifying,
and isolating silver chloride pre­
paratory to \\'cighing it. The in­
creasing complexity of modern
chemistry is to some extent the
cause of this confusion, as is the
fact that a chemist seldom works
on only one branch of the subject,
more often combining the tech­
niques and approaches of several.
Thc subdivision of chcmistry into
scvcral fields-analytical, inor­
ganic, orgf"nic, and physical, for ex­
ample-has, nonetheless, rcal util­
ity, evcn though prccisc dcfinitions
of these fields are difficult to formu­
late. An unfortunate consequcnce
is, however, that without a clear
definition the individual substitutes
an image, and this image may be
distorted or even damaging.

VIre shall perhaps make faster
progress in our thinking if we avoid
the problem of trying to define
chemistry as a whole, and instead

merely note its fluidity and, in par­
ticular, the haziness of the border­
line between it and physics. Let
us view the practice of chemistry as
the attacking of chemical problems,
and divide these problems into those
of a preparative nature and those
involving the properties of chemical
systems. There is an ever-growing
array of methods applicable to
chemical problems, and I would
like to suggest that a good practi­
cal description of the modern pro­
fessional analytical chemist is one
who is a specialist in the method­
ology of solving problems having to
do with the properties of chemical
systems. I specify the professional
analytical chemist because it makes
a very great difference whether one
is a highly educated specialist or a
trained technician. The matter of
images enters here. If the image
of the technician is confused with
that of the professional, there can
be trouble.

We all know that most chemical
analyses are done not by analytical
chemists but by technicians, just as
most organic syntheses are donc not
by the organic chemists but by
chemical operators. In the latter
instance, there is no problem of
confused images. The chemical op­
erator wears coveralls and a hard
hat, adds reagents with a long­
handled shovel, and attends to his
duties in an easily recognizable pro­
rluction area. There is no difficulty
in distinguishing him from the re­
search synthetic chemist in the lab­
oratory. The analytical technician,
on the other hand, may wear the
:came white coat and use the same

instruments in the very same labor­
atory as the research analytical
chemist. With outward appear­
ances so much alike, it is very easy
for observers to get an entirely
false image of the analytical chem­
ist, particularly if their own experi­
ence with analytical chemistry was
limited to an exposure to traditional
qualitative and quantitative analy­
sis taught in the sophomore year.

If one attempts to clarify the
nature of modern analytical chem­
istry by describing some of the re­
search currently under way in this
field, he may run into another type
of conceptual difficulty. The lis­
tener, after hearing about kinetics
of electrode reactions, equilibrium
constants in low dielectric constant
::,olvents, and the mechanism of ex­
citation in flame spectroscopy, is
likely to say, "But what you are
doing is really physical chemistry.
Why don't you call yourself a phys­
ical chemist?" But we are not
physical chemists because, although
the phenomena may often be the
same, the outlook is quite different.
This is well illustrated by a speci­
fic example.

One of my colleagues, a physi­
cal chemist, enjoys studying the va­
por-liquid composition of three­
eomponent systems as a function of
temperature. He views such a
problem as having two parts. The
first is the annoying, but necessary,
matter of having to find-or worse
~'et-develop methods suitable for
the determination of his components
in caeh phase with a precision and
accuracy sufficient for his purpose.
Once this unpleasant (to him) pre-
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liminary is out of the way, he can
proceed to gather very precise data
with loving care and then fit equa­
tions to it-an activity which gives
him gre'lt personal satis faction. I
also see the problems as having
two parts of dissimilar attractive­
ness. For me the interesting part,
the asp('et of the problem that rep­
resents a real challenge and calls
for imagination, orginllity, and
creativity, is the development of
the method which makes a solution
to the problem po sible. Once this
is done, the "pure" research is over
and there remains only the "ap­
plied" gathering of data and cal­
culation of results, an activity
which I find quite unexciting. Here
is a reEd difference in {)11tlook, and
it is one thing which characterizes
the analytical chemist :"nd m:lkes it
necessary to consider analytical
chemist.ry as a discipline separate
from the otter branches of chem­
istry.

The analytical chemist must be a
realist. He does not have his quar­
ters in an ivory tower. He is con­
cerned with "the :mal:'sis of things
as they are," as one of "ILy predeces­
sors so aptly put it. This concern
with real systems implies no slight
upon theory. The analytical chem­
ist needs and applies all the theory
he can get, but he is forced by the
nature of his activities to recognize
that much f the theory available
today is of limited applicability in
real situations.

Analytical Chemistry
as a Separate Discipline

It is important that analytical
chemists themselves realize that
analytical chemistry is a separate
discipline and why it is different.
It is of concern to us that other
chemists realize the distinction, be­
cause out of an understanding of
the nature of modern analytical
chemistry will come an increasing
respect for it. It is therefore essen­
tial that students of chemistry be­
come aware that analytical chem­
istry is a separate discipline and
that it is an important, an inter­
esting, and a rewarding field of pro­
fessional specialization.

This thought focuses our atten­
tion on some of the responsibilities
of the teacher of analytical chem­
istry. It is, first of all, his respon­
sibility to have a clear conception
of his profession in order that he
may impart it to his students. As
an analytical chemist, he should
have a feeling of identification with
the profession, and he should give
his students a feeling for its distinc­
tiveness and its importance. He
also needs to make his students
aware that there are worthwhile
scientific activities outside of teach­
ing and academic research. The
three branches of our profession­
academic, industrial, and govern­
mental-are equally honorable, and
educators need to recognize this.
The teacher of chemistry needs con-

tact with industry to give him a
balanced outlook on chemistry as
a whole. Without such an outlook,
he is likely to be capable in only
part of his subject.

Failure to give adequate recogni­
tion to the chemist in industry is,
alas, a not uncommon sin among
teachers. There is at least one well­
known and otherwise reputable in­
stitution in which the graduate stu­
dents are all but told outright that
to go into the chemical industry
would make them second-class citi­
zens! I think this is a crime. Some
of the best minds in chemistry are in
the chemical industry. This is not
just because of money. Industry
is the source of extremely interest­
ing and stimulating problems. Some
of the best work that is done comes
from non-academic laboratories,
and very real opportunities exist
there. For many individuals, too,
there is far greater personal satis­
faction possible from being creative
in a dynamic, modern research, de­
velopment, and production group
than in "pure" research where a
problem and its outcome may not
really matter to anyone else. V·le
should not forget that were it not
for the practical side of chemistry­
that is, the chemical and pharma­
ceutical industry-our Society
would not be enjoying a member­
ship approaching 100,000. Chem­
ists would stand in science, both in
numbers and in status, down with
the ichthyologists and herpetolo-

Dr. David N. Hume, Fisher Award winner for 1963, is professor of chern·
istry at Massachusetts Institute of Technology. Active in a number of
research areas, Dr. Hume has published over 80 papers in such fields
as polarography, complex ion equilibria, thermometric and photometric
tit rations, radiochenical analysis, and statistical methods. Dr. Hume
hss also been extremely active in modernizing the teaching of analytical
c-'emistry and has Jeen influential in revising both the undergraduate
and graduate curricula in analytical chemistry at MIT. Dr. Hume was
born in 1917 in Vancouver, B. C. He received his B.A. in 1939 and his
M.A. in 1940 from the University of California, Los Angeles, and his
Ph.D. in 1943 from the University of Minnesota. During the war, Dr.
Hume worked wit the Manhattan Project at the University of Chicago,
and at the Clinton Laboratories, Oak Ridge, Tenn. After the war, Dr.
Hume taught at the University of Kansas until 1947 when he joined MIT.
Dr. Hume is author of the review "Polarographic Theory, Instrumenta·
tion, and Methodology" for ANALYTICAL CHEMISTRY. He has served
as a member of the advisory board of ANALYTICAL CHEMISTRY and is
an editor for the McGraw· Hill Advanced Chemistry Series. He is a
member of the ACS, Sigma Xi, Phi Lambda Upsilon, and a Fellow of the
American Academy -of Arts and Sciences.
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gists. If you do not know who the
ichthyologists and herpetologists
are, I have made my point.

To return to the responsibilities
of the teacher of analytical chem­
istry, it is clear that a prime respon­
sibility is to teach analytical chem­
istry as it is actually practiced to­
day. It is a modern subject and a
subject requiring more background
and sophistication than has been at­
tained by the average sophomore.
The traditional approach which
devotes over half the time spent on
analytical chemistry to classical
quantitative inorganic analysis in
the sophomore year is clearly not
adequate for present day needs. If
analytical. chemistry is to be taught
as methods for attacking chemical
problems, the student must be far
enough along to know what chemi­
cal problems are, and he must have
the background for understanding
methods based on physical and phy­
sico-chemical, as well as chemical
principles. This suggests that be­
ginning analytical chemistry should
be taught at a level more advanced
than is possible in the traditional
spot in the sophomore year. The
addition of a semester of instrumen­
tal methods in the senior year is not
a sufficient solution. The under­
graduate's time is too short and too
valuable to permit an entire year
or even a semester to be devoted to
the traditional techniques alone.

Approaches in Teaching
Analytical Chemistry

There are various approaches to
the teaching of chemistry which
make it possible to do something
about this problem. The great di­
versity of sizes and objectives in
our educational institutions makes
it unlikely that there is anyone
plan which is suitable for all. I am
firmly convinced that there are
many paths to excellence, as well as
to mediocrity, and it is not appro­
priate that I go into an analysis of
all the various educational experi­
ments now in operation. I should,
however, like to mention what are
perhaps the two extremes. One of
these is the technique of "integrat­
ing" analytical chemistry into the
entire curriculum, with the idea
that analytical principles be learned
in context rather than separated

from the rest of chemistry. Unfor­
tunately, the integration may
take the form of obliteration. A de­
partment that is unsuccessful in its
efforts to hire a capable analytical
chemist may divide up the respon­
sibility for analytical instruction
among the remaining members of
the staff and then, to make a vir­
tue out of necessity, cite theoreti­
cal educational advantages in de­
fense of its expediency. Whatever
the particular circumstances may
be, the result is almost inevitably
the same: analytical instruction is
neglected and the student leaves
with a serious deficiency in his
chemical education.

The other extreme is the approach
taken by MIT, the University of
Illinois, and a number of other in­
stitutions, most of which are large
enough to have several professional
analytical chemists on staff. An­
alytical chemistry is not introduced
until the student has had a good
grounding in the other branches of
chemistry, and in mathematics and
physics as well. Analytical chem­
istry is then taught as an advanced
subject, making full use of all that
has come before. The advantages
of this are numerous and obvious.
Analytical chemistry can be taught
as it is actually practiced. Organic
and inorganic analysis can be given
equal status. The theoretical basis
of analytical methods need not be
slighted. The application to all
branches of chemistry is immedi­
ately evident to the student, and he
finds it a stimulating synthesis of
the theoretical and practical. The
rapid spread of this approach to the
teaching of analytical chemistry is
a most encouraging development,
and it promises to do a lot toward
alleviating the most crucial problem
which faces the profession at the
moment, that of interesting under­
graduates in going on to graduate
work in the field. The demand for
Ph.D. analytical chemists is intense
and continuous. The problem has
been to transmit this information to
the undergraduate and make him
aware of the opportunity which it
affords.

Placement of analytical chemistry
at an advanced level in the curric­
ulum gives the teacher an oppor­
tunity to present a truly interesting

Net1fs&s
FILTRATION CHART
for use in chemical analysis

FREE
TO ANALYTICAL CHEMISTS

If you are an analytical chemist,
this handy, desk-size S&S Filtration
Chart belongs in your laboratory.

Analytical laboratories have long
been familiar with standardized,
high-quality S&S Analytical Filter
Papers.
Now, here is complete data on
the relative retention values of S&S
Analytical Filter Papers, and other
brands, in convenient size for ready
reference. This data makes it pos­
sible to tell at a glance which grade
of paper to select for a given
analysis.

Send for your valuable, free S&S
Filtration Chart. Act now! Use the
handy coupon below!

S&S MEMBRANE FILTERS

These smooth-surfaced membranes
with extremely uniform microstruc­
ture-are ideal for filtration of col·
loids, proteins, and micro-organ­
isms, as well as dialysis and osmosis.
Mail the coupon below for your
S&S Membrane Filter Catalog.

MAIL THIS COUPON TODAY

•••••••••••••
• • CARL SCHLEICHER & SCHUm CO••
• Keene, New Hampshire, Dept.AC.312.

• Send me your FREE •
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• 0 S&S Membrane Filter Catalog •
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• Company •
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• City Zone_State__ •

•••••••••••••
Circle No. 10 on Readers' Service Card

VOL 35, NO. 13, DECEMBER 1963 • 31 A



r
REPORT

and worthwhile course. It is a
course which, quite naturally, draws
from the stream of current analyti­
cal research, and in this connection
the importance of the teacher being
himself involved in analytical re­
search must be stressed. The con­
tribution which a balanced gradu­
ate research program can make to
the improvement of undergraduate
teaching needs to be recognized and
utilized. The enthusiastic teacher,
who knows the significance of his
subject and who maintains its fresh­
ness by drawing on today's research
discoveries today, is not likely to
find lack of student interest a prob­
lem.

Chemistry as a whole is under­
going rapid change and, in some re­
spects, the field of analytical chem­
istry more than the others. Such
change does not come without dis­
locations and uncertainties, incon­
veniences and upsets. Some observ­
ers. focusing on particular aspects
of the present state of transition,
have expressed concern for the fu­
ture of our profession and there has
been talk of a crisis in analytical
chemistry. I do not subscribe to
any such pessimistic view. If one
looks at the present status of ana­
lytical chemistry in the light of any
sort of historical perspective, if he
compares the number, importance,
opportunities, recognition, and rela­
tiYe pecuniary reward of analytical
chemists today with those of twenty
years ago, he sees that as a whole
we are prospering. There are prob­
lems-of course! Progress never
comes without its difficulties. But
many of these problems were al­
ways with us, and among the new
ones it is encouraging to note that
a number of them are actually prob­
lems of growth. There is much to
be done and much that can be done
to improve the state and the status
of analytical chemistry. A great
deal of it involves taking a positive
approach toward our subject and in­
forming people what it is and why
it is significant. If we fail to do
this and our status declines, we
have only ourselves to blame. If,
on the other hand, we put aside our
pessimism and emphasize the posi­
tiYe. we actively contribute to the
improvement of our professional
standing. END •

LIST PRICE
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There are many other reasons why those who weigh
their decisions carefully SPECIFY OHAUSl Here is a pre·
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tory and industrial applications. Exclusive OHAUS versa·
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tice of tre dominant materi" I. The yellow spheres
in the re~resentation of the structure of crystalline
sodiulT chloride denote brorn de as the impurity.

Specify 'Baker Analyzed' reagents on your next

order for laboratory chemicals. When you do,

you're assured of reagents manufactured

competently to the highest specifications of

purity. We confirm the purity of every lot of reagent

chemical we prepare and then put the actual

analytical data on the label.

Check and compare the low level of impurities.
Satisfy yourself that every 'Baker Analyzed' reagent

is the finest available for your laboratory needs.

Benefit from the latest innovations in safe



and convenient packaging, too.

;You get delivery of 'Baker Analyzed' reagents on

the date you specify from a near-by source of

supply. Check the last page of this folder for a list

of distributors in your area. Ask one of them for

a copy of our latest "Specification Catalog and

Price List." Or you can obtain a copy by mailing

the coupon on the last page to us.

J.T.Baker Chemical Co.J~Phillipsburg, N.J.
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~

In the spectrophotometric
method for iron, the low level of
iron impurities in such 'Baker
Analyzed' reagents as
hydrochloric and nitric acids,
ammonium hydroxide, and
acetone instantly mark them as
suitable for use.

'Baker Analyzed' sodium hydroxide,
sodium sulfate, and sulfuric acid
are widely used in Kjeldahl
digestions for the determination of
nitrogen. These J. T. Baker
chemicals are produced and
controlled for low content of
nitrogen compounds and the actual
analytical value-to the decimal-
is on the Baker label.



Well-balanced inventories of 'Baker Analyzed' reagents, laboratory equipment and apparatus are available in your
local area. YOL,'re assured of fast delivery and on the exact date you specify. You also benefit from the per~.onal­

ized service of a laboratory supply representative ... he's a good source of information on the latest labor3tory
chemicals and equipment, and he's experienced
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EXTEND THE USEFULNESS OF
GEL FILTRATION IN ANALYTICAL
AND PREPARATIVE OPERATIONS

Figure 2. The curves above depict pressure·
drop/flow-rate functions for columns using a
50 cm bed of SEPHADEX G-25. For given hy­
drostatic heads, note that the new spherical
beads give up to tenfold greater effluent de­
liveries. Analytical procedures are hastened
and preparative operations are put within
economically practical engineering ranges.

Available forms of
new SEPHADEX beads

Bed
SEPHAOEX Exclusion Size Volume

Type Limit (I/iWl Grade (microns) mill

*G·25 5,000 coarse 100·300 5
fine 20·80

G·50 10,000 coarse 100·300 10
fine 20·80

*G·75 50,000 one 40·120 12·15
grade

G·100 100,000 one 40·120 15·20
grade

G·200 200,000 one 40·120 30·40
grade

*SEPHADEX G-25 (fine) and G·75 will not
be available before October, 1963.

Pressure drop vs. flow rate
for SEPHADEX G·25

J

flow rale (ml!cm2/rninute)

1 Irregular

: 3 f.~~i~~:~·e
i 2 I 2 New beads•

i / " fine grade
iiI 3 Irregular

; i I ~~:t~~~e~~ade
• i /'i' 4 New beads,i! // coarse grade

I/~/•ji //
I,'

.
02
r.
1
~
-0,

I
Ci

em. of water can deliver almost 19
liters/hour of effluent.

We strongly suggest that laboratory
workers acquaint their colleagues in
semiworks and production engineer­
ing with the new beads of SEPHADEX.
The use of the spherical particles
could open entirely new avenues in
unit operations.

Figure 1. SEPHADEX was formerly supplied
in the form of irregularly shaped particles
as shown in top photograph. Now available in
spherical beads as shown below. SEPHADEX
facilitates packing of columns and greatly
increases speed of operations.

Improvements in the production of
SEPHADEX now permit this useful
cross-linked dextran material to be
supplied in the form of spherical
beads. Substi~lltion of the new beads
for the irregularly shaped particles
in which SEPHADEX was heretofore
available (see Figure I) results in far
more uniform hydrodynamic condi­
tions within SEPHADEX columns.
Tangible results? Flow rates are
greatly improved with remaining
good resolution.

Effluent delivery
rates increased full
ord er of magnitude

One of the most significant results of
the introduction of the new beads is
the extension of SEPHADEX gel filtra­
tion to production-scale preparative
operations. As can be calculated from
the lowest curve in Figure 2, a 10 em.
diameter column of coarse grade
SEPHADEX G-25 under a head of 60

D Gel Filtration
literature
Abstract Cards

Name

Company

Address

lffi' PHARMACIA FINE CHEMICALS, INC. AC·12

~ Department SO, 501 Fifth Avenue, New York 17, New York

NE.vJ NE.vJ
D "SEPHADEX": A Unique D "SEPHADEX in Gel FiJ-

Substance for Modern tration": Theory and
Chromatography Experimental Technique

I
I
I
I
I
I
I
I
I
I
I
I____________________. .J

For full informa­
tion on the use of
SEPHADEX in gel
filtration, send the
coupon with your
letterhead.
(Inquiries outside
the Western
Hemisphere should
be directed to
PHARMACIA,
Uppsala, Sweden.)

PHARMACIA
LEADING IN DEXTRAN
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DEPENDABLE, LOW-COST ANSWER TO

YOUR LAB INSTRUMENTATION NEEDS
THE ELECTRONIK 18 RECORDER

The E,!ectroniK .18 Recorder is a reliable, economical
instrument with all the features you need for labora­
tory work. Now in use on such applications as chroma­
tography, spectrometry and precision cryosurgery-to
name but a few--it is suitable for all but the most
demanding high-precision analytical assignments.

A new option, the manual quick chart speed changer,
is par,icularly valuable for analytical work: it permits
the technician to speed up the strip chart movement
when the record needs to be "spread out" to show
additional detai; juring an analysis. This is done with
the flick of a knob; with no interruption of the record
as cha't speed is changed.

Check the specifications and options listed below to
convince yourself that the ElectroniK 18 is the instru­
ment to meet your analytical needs,

STANDARD SPECIFICATIONS

Calibrated Accuracy: ± 0.3% of span
Dead Band: ± 0.2%
Impedance: Up te 25,000 ohms source

Dynamic Response: Flat to 4 cps at 10% POp
Pen Speed: 1-secclI1d full scale
Rebalancing ElemEmt: Honeywell standard slidewire
Balancing Motor: Honeywell standard sectionalized motor
Amplifier: Fully tmnsistorized
Constant Voltage Supply: Zener diode

Adjustments: Varioble gain and damping controls
Chart: Calibrated width 6 inches, 126 feet long

CharI Drive: Single base speeds from 1" to 120" per hour
with ~2 and 2 times base speed change gears provided.

OPTIONS

New, Improved Integrator: Two options (1) Model 215-1 Disc
Integrator, for pen readout on right side of chart, or (2)
Model 315 Dis: Integrator, providing pulse signal output
for actuation o·f electrical or mechanical counters, printers,
and stepping r10tors, and to feed electronic data systems.
Price (1) $585.tJO; (2) $515.00.

New Chart Speed Changer: Quick manual chart speed selec-
tor, providing the following speeds:

0.5 min./inch 5 min./inch
1.0 min./inch 10 min./inch
2.5 min./ inch

Price, $100.00.

Adjustable Range Unit: Recorder attachment for use where
instrument must measure a wide range of emf's from a
variety of signal sources. Has adjustable span, 5 mv to
12.5 volts, plus suppression adjustment.. Price, $450.00.

Event Marker (Operation) Pen: One or two operation pens
available for time correlation or event noting. Price,
$50.00 per pen.

Transmitting Slidewire: Useful for remote transmission, in­
tegration, control, etc. Price, $35.00.

Auxiliary Contacts: For alarm signalling or sequencing ana­
lytical operations. Price, $35.00 for first switch, $15 for
each additional switch.

Chart Tear-Off Bar: Chart can be removed in convenient
lengths by tearing off against bar. Price, $5.00.

PREAMPLIFIER UNIT ]
(Deviation Amplifier)

Addition of this unit permits the ElectroniK 18 to record micro­
volt ranges, as required for differential thermal analysis.
Price, $550.00

3 BASIC TYPES COVER MOST ANALYTICAL USES

Type I-Model #18301856-01-37-0-000-060·07-053

Range: -.05 to 1 mv

Chart: 100-252-N, calibrated -.05 to 0 to 10, 10 time lines/inch,
green grid lines.

Chart Speed: Manual change gears for: 30,60, 120"/hr.

Price: $600.00

If tear-off bar is 110t needed, so specify and deduct $5.00.

Type II-Model #18301856-01-37-0-000-(560)-07-053

Range and Chart: Same as Type I above
Chart Speed: 5 speed shift giving: 10, 5, 2.5, 1.0 and 0.5 min.

per inch
Price: $700.00

If tear-off bar is not needed, so specify and deduct $5.00.

Type III-Model #18301856.01-37-0-000-(560)-07-053

Range: -0.263 to 1 mv reversed

Chart: 100-253·NR, calibrated 10 to 0 over lower 4.75", 10 time
lines/inch, green grid lines

Chart Speed: 5 speed shift giving: 10, 5, 2.5, 1.0 and 0.5 min.
per inch.

Integrator: Designed for mounting Disc Instrument model 215-1

Prices: Instrument, $700_00

Integrator, $585.00.

If tear-off bar is not needed, so specify and deduct $5.00. C~n.

tact your local Honeywell sales office for ather details or write
Honeywell, Wayne & Windrim Avenues, Philadelphia 44, Po.

Honeyw-ell
HONEYWELL INTERNJ\TIONAL Sales and service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
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Sample in at 10:05

Osmotic Pressure at 10:15

Number-Average Molecular Weight Minutes Later

of fresh solvent quickly flushes out the cell and restores
initial membrane condition. It takes 20 minutes, at the
most, to install a new membrane.

The complete Automatic Osmometer, with built-in
chart recorder, is packaged in a trim 12 by 15 by 13-inch
cabinet. The standard model operates at 35° C. An ac­
cessory kit converts it to 135 0 C operation. The product
bulletin is contained entirely within four highly inform­
ative pages. Write for your copy today from:
*ShelJ Developmellt CompallY design

It's that fast in routine work with Hallikainen's new
Model 1361 Automatic Osmometer.* And as easy as
it looks. You pour sample into a convenient external
receptacle. 5 to 10 minutes later, you read osmotic pres­
sure on a direct-reading digital dial. Simple inlet and
outlet valves let you change samples quickly for serial
analysis. You can read four concentrations and calculate
the number-average molecular weight of a polymer
sample in less than an hour.

Model 1361 's null-seeking servo-mechanism rapidly
equilibrates pressure between sample and solvent in the
osmometer cell, sparing you the hours-long wait of con­
ventional membrane osmometry. With speed comes the
accuracy of digital read-out that clicks off changes down
to 0.0 I cm of solvent over a 10 cm range.

Sensitivity of the instrument and its speed of measure­
ment let you observe membrane permeation by low mo-
lecular weight compounds as it happens. A syringe-full Dept. AC /1341
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-- YOUR NAME IS PROBABLY ON
OUR LIST
Our list* includes:

2 Research Institutes
15 Industrial Polymer labs
3 Elastomer Research labs

3 Medical Research Institutes
1 Nuclear Research lab

1 U.S. Military Research lab
2 Aerospace labs

3 Major Universities

- who are using the Mechrolab High-Speed
Membrane Osmometer in a broad variety of
applications, including the following:

Oncotic Pressure Cellulosics
Proteins Polyurethanes
Synthetic Polystyrenes

Elastomers Polyvinyl Chlorides
Polyolefins Polyvinylidene Chlorides
Polyamides Polymethyl Methacrylates
* Names on request

Mechrolab High-Speed Membrane Osmom·
eters have been in daily service for many
months by users such as those at left, to
determine molecular weights of natural
and synthetic polymers. Complete and ac­
curate determinations based on four con­
centrations are made in minutes, not in
hours or days.

Series 500 High-Speed Servo·Osmometers
are designed for the number-average mo­
lecular weight range of 20,000 to 1,000,000,
using organic or aqueous solutions.

Three models are available, covering a
wide range of temperatures; Model 501,
for general polymer work, from 25 -65°C;
Model 502, for solutes which dissolve only
at elevated temperatures, from 25°-130°C;
and Model 503, 5D.65°C, for natural poly­
mers which denature at ambient tempera­
tures.
Interested? Would you like to join the
others on our list? Start by writing now for
literature. If you wish, a demonstration will
be arranged in your area. Write to 1062
linda Vista Avenue, Mountain View 4, Calif.

Mechrolab Inc.
"advanced instrumentation for increas­
ing laboratory productivity"
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ANALYTICAL

CHEMISTRY NEWS -------.

Winter Gordon Research
Conference

T HE W!)/TER GOHDON RESEARCH
CONFERENCES will be held from Jan­

uary 27 to February 7, 1964, at The
::--riramar Hotel, Santa Barbara, Calif.
The conferences, designed to stimulate
research, hold infonnal type meetings
composed of scheduled lectures and dis­
l'ussion groups.

The Winter Conferences consist of
two programs-one on polymers, and
one on electrochemistry: electrode
processes.

Attendance at the Conferences is
limited to approximately 100. Individ­
uals interested in attending should
write the office of the director, Dr. W.
George Parks, Director, Gordon Re­
search Conferences, University of
Rhode Island, Kingston, R. 1., and re­
quest application forms.

PROGRAM
POLYMERS

Maurice L. Huggins, Chairman

Bruno H. Zimm, Vic." Chairman

January 27

Recent Progress in Polymer Research,
H. Mark.
Organochemical and Analytical Studies
of Polymers, W. Kern.

January 28

The Structure of Crystalline Polymers,
I. Nitta.
Association Complexes of Polymers, F.
E. Bailey.

January 29

High Temperature Polymers, T. W.
Campbell.
Polyaromatics, C. S. Marvel.
The Role of Oxygen in the Formation
and Degradation of Polymers, F. R.
Mayo.

January 30

Equation of State of Polymer Liquids;
Glass Transitions, A. J. Navlik and R.
Simha.
Subject to Be Announced, A. A. Berlin.
Polymerization of Cyclic Oletins, G.
Natta, G. Mazzanti, and G. Dall'Asta.

January 31

Toward a Theoretical Strategy for the
Chemistry of Polymerization, K. Fukui.
Subject to Be Announced, S. E. Bresler.

ELECTROCHEMISTRY:
ELECTRODE REACTIONS

Ralph N. Adams, Chairman

Richard Buck, Vice Chairman

February 3

Double Layer and Electrode Kinetics,
Paul Delahay.
Cation Effects on Electrode Kinetics,
Lucien Gierst.
Rotated Disk Electrodes, A. C. Riddi­
ford.

February 4

Anion Effects on Potential Distribution
at a Germanium Electrode, P. J. Boddy.
Electrochemical Studies of Rapid
Homogeneous Chemical Reactions Em·
ploying AC Techniques, Donald Smith.

February 5

Coulometry Applied to Electrode Mecha­
nism Studies, Allen J. Bard.
Electron Exchange Reactions, Henry
Taube.
Photo Currents at Mercury Electrodes,
G. C. Barker.

February 6

Kinetics of Hydrogen and Deuterium
Discharge on Platinum, Manfred Breiter.
Chemical Reactions of Solvated Elec­
trons, Leon Dorfman.

February 7

Electron Exchange Reactions, N. Sutin.

AAAS Annual Meeting
The annual meeting of the American

Association for the Advancement of
Science will be held this year in Cleve­
land from December 26 to 30. Of par­
tiCldar interest to chemists is the pro­
gram of Section C-Chemistry. Two
symposia a re planned; chemistry of
mdical ions will be held December 27.
A symposium on the chemistry of the
excited state will be held on December
30. Both of these symposia will be
co-sponsored by the Cleveland Section
of the American Chemical Society.
:'10re information is available from Dr.
S. L. Meisel, Socony Mobil Oil Co.,
Paulsboro, N. J.

LSU Symposium
The lith Annual International Sym­

posium on Modern Methods of Analyti­
cal Chemistry will be held at Louisiana
State University, Baton Rouge, Janu­
ary 27 to 30, 1964. The program will
consist of invited speakers only. Each
of the speakers will have two hours to
discuss topics of current interest. Time
\1' ill be provided for questions and in­
formal discussion.

The LSU Symposia are provided as a
means for giving exhaustive surveys of
current topics. Outstanding authori­
ties in the various fields concerned are
brought in to discuss the history,
theoretical aspects, instrumentation,
techniques, applications, and future de­
velopments of their specialties. The
programs are conducted on an informal
basis so tha t a free exchange of ideas
between delegates and speakers is ob­
tained. The LSU Symposia are unique
in providing contact between distin­
guished foreign and American chemists.

In addition to the technical program,
a display of modern laboratory equip­
ment will be provided by leading ap­
paratus manufacturing and supply
houses.

Registration fee, not including tickets
for the mixer and banquet, is $15.00.
Student registration is $2.00, but does
not include banquet tickets.

Housing is available on the campus in
the newly renovated Adult Education
Center, Pleasant Hall. Persons de­
siring to stay in downtown hotels or
motels should make their own reserva­
tions.

All correspondence concerning regis­
tration and housing should be addressed
to Short Courses and Conferences, Gen­
eral Extension Division, LSU. Ques­
tions concerning the program should be
addressed to Dr. Philip W. West, Chem­
istry Department, LSU, Baton Rouge,
Louisiana.

PROGRAM
Onium Ions as Analytical Reagents;

Some New Analytical Reagents and
Techniques. Harold Af'fsprung, Univer­
sity of Oklahoma.

Activation Analysis; Ultramicro Meth­
ods of Analysis. 1. P. Alimarin, Lo­
monosov Moscow University.

Gas Liquid Chromatography. Stephen
Dal Nogare, Du Pont, Wilmington, Del.

Recent Developments in Chelometry.
Hermann Flaschka, Georgia Institute
of Technology.

Internal Reflection Spectroscopy. N. J.
Harrick, Philips Laboratory, Irvington­
on-Hudson, N. Y.

Electroanalytical Studies in Molten
Salts. Gleb Mamantov, University of
Tennessee.

Compleximetric Methods of Analysis.
Rudolf Pribil, Czechoslovak Academy
of Sciences, Prague.

Electron Diffraction Applied to Poly­
mers; Interference Microscopy. Rob­
ert G. Scott, Du Pont, Wilmington, Del.

Nuclear Magnetic Resonance. James N.
Shoolery, Varian Associates, Palo Alto,
Calif.

Reagents for the Precipitation of the
Nitrate Ion; Some Recent Develop­
ments in Analytical Chemistry. Wil­
liam 1. Stephen, The University, Edg­
baston, Birmingham, England.
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NOW!

UNBREAKABLE
NALGENE® PIPETS...
with Permanent Graduations

Don't just reduce pipet breakage ... eliminate it ...
with unbreakable Nalgene pipets. And for the first
time you're safe ... they're chip-proof ... they can't
cut ... they never get ragged. They're so easy to
read, too. Big, bright "Magni-Vue" markings can't
be removed, chemically or mechanically ... last the
full life of the pipet. The non-reflective polypropylene
lets you see the entire column of a water-clear liquid,
not just the liquid line. See-through clarity simplifies
reading. Accuracy, well within published tolerances,
is further enhanced because the non-adherent sur­
face eliminates meniscus. Drops form on the inside
of ':he tip, not around it, and are more uniform. The
nO'l-wetting surface drains dry ... to the very last
drop ... faster than ever before. You can autoclave
t~em again ... and again ... and again. And price­
wise, they're surprisingly inexpensive ... from $2.10
to $2.80 each. Sizes available are 1,2,5 and 10 ml,
in transfer, serological and measuring styles. Why
n)t get the full story from your lab supply dealer ...
or write Dept. 1136, The Nalge Co., Inc., 75 Pan­
orama Creek Drive, Rochester, New York 14625.

••
L~NALGENE
~LABWARE
Leader in quality plastic labware since 1949

Visit our Booth Nos. 421" 4214, 4218 at the 29th Exposition of Chemical Industries, Coliseum. New York City, Dec. 2·6.
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Electronics Course
A two-week course on the principles

of electronics and the use of electronic
instrumentation systems in research
will be presented in San Francisco,
January 27 to February 7, 1964, by the
University of California's Engineering
and Sciences Extension. The course is
designed to pro\'ide a working knowl­
edge of fundamental theory and ana­
lytical formulations, as well as a back­
ground for assessing the capabilities of
instrumentation systems and adapting
them to research requirements.

Among thc topics to be covered are
electrical and nonelectrical signals;
complex signal wave forms; analysis of
linear and nonlinear devices; ampli­
tude modulation and demodulation;
electron de\'ices and electric circuits;
signal transfer properties; and exam­
ples of a variety of instrumentation
systems, including those used in nu­
clear magnetic resonance spectroscopy
and infrared spectrophotometry.

Further information and registration
forms may be obtained from Engineer­
ing and Sciences Extension, Universit~·

of California, Berkeley, Calif. 94720.

Industry Items
Cenco Instruments Corp., 6450 W.

Cortland St., Chicago 35, Ill., has ac­
quired the Phoenix Precision Instru­
ment Co. of Philadelphia. Phoenix is
a developer and manufacturer of spe­
cialized instruments for laboratory re­
search and on-stream control in pro­
duction of pharmaceuticals, serums,
etc.

Houston Instrument Corp., 4950
Terminal Ave., Bellaire 101, Texas, and
Auto Data, Inc., San Diego, Calif., a
subsidiary, have merged. Auto Data
will become a division of Houston In­
strument Corp.

Lab-Line Instruments, Inc., has
moved from Chicago to 15th and
Bloomingdale Aves., Melrose Park, Ill.
60160.

Technical Measurement Corp.,
makers of nuclear and biomedical re­
search instrumentation, has opened a
nel\' office to serve the ::'Iidwest.
The facility will contain a complete
spare parts inventory and laboratory
and test personnel for instrument re­
pairs and modification. The address is
5508 S. Brainard Ave., LaGrange, Ill.

Yolk Radiochemical Co., Skokie,
Ill., and Isotopes Specialties Co., Bur­
bank, Calif., have merged. :'1arketin'5
responsibility for both organizations
has been assumed by Yolk.



Henry Troemner, Inc.
22nd & Master Sts., Philadelphia 21, Pa.
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TIME-SAVERS
BY TROEMNER

-~--

1. Precision laboratory balance­
Model 4l0-Sensitivity 2 mg. Capacity
120 g. No bands or wires to bend or lose
"life." Handsome blue-gray heavy metal
case. Weighs to full capacity with lid
closed. $165.

3. Specific-gravity chain balance­
Model SlOO-ldeally suited for S.G.
determinations of liquids and solids to
within 0.0001. Also operates as a sensi,
tive chain analytical balance. From $168.
Write for complete information on these and
the complete line of quality Troemner bal­
ances and weights.

L .... __

2. Heavy-duty precision balances­
Models 195-B and 2-89B-Capacities
3 or 6 kg. Sensitivity as fine as 100 mg.
Locking tare weight. Beams graduated
in mg., g., or oz. From $95.

American Association for the Advancement of Science Annual
Meeting. Cleveland, Ohio. Contact: Dr. s. L. Meisel, Socony
Mobil Oil Co., Paulsboro, 1\. J. Page 43 A, Dec.

NEWS

American Microchemical Society. Chemists Club, New York City.
Subject: F. D. A. Concepts of Acceptable Analytical Procedures
for Standards, Frank H. Wiley. Contacl: R. A. Hofstader, Esso
Research and Engineering Co., Linden, N. J.

19th Southwest Regional Meeting. Shamrock Hilton Hotel,
Houston, Texas. Contact: M. A. Mosesman, Research and De­
velopment, Humble Oil and Refining Co., P. O. Box 42.~5, Ba.l·town,
Texas.

Dec. 5
to 7

Dec. 12

Dec. 26
to 30

Coming Events
Jan. 7 to 9-Tenth National Symposium on Reliability and

Control. Statler Hilton Hotel, Washington, D. C. Contact:
L. S. Gephart, Lockheed Missiles and Space Co., Dept. 64-01,
llldg. 104, Sunnyvale, Calif.

Jan. 24 to 25-First Annual Microscopy Symposium. Fontainebleau Motor Hotel,
New Orleans, La., Sponsor: Louisiana Society for Electron Microscopy. Contact:
C. J. Arceneaux, Ethyl Corp., P. O. Box 341, Baton Rouge, La. 70821.

Jan. 27 to Feb. 7-Winter Gordon Research Conferences. The Miramar Hotel, Santa
Barbara, Calif. Contact: Dr. W. George Parks, Director, Gordon Research Con­
fprcnc·p,. l'ni\'crsity of Hhode Island, Kingston, R. 1. Page 43 A, Dec.

Feb. 3 to 4-Research Conference on Gas Chromatography. University of California,
Los Angeles, Calif. Contact: H. L. Tallman, Physical Sciences Extension, Room
6532, Engineering Bldg., University of California, Los Angeles 24, Calif. Page 68 A,
Oct.

Feb. 3 to 7-ASTM International Conference on Materials and ASTM Committee
Week. Sheraton Hotel, Philadelphia, Pa., Contact: American Society for Testing
and IVlaterials, 1916 Race St., Philadelphia 3, Pa.

Feb. 27 to 29-Fifth Omnibus Conference on Experimental Aspects of NMR Spec­
troscopy. Mellon Institute, Pittsburgh, Pa. Contoct: Mellon Institute, 4400 Fifth
A\·e., Pittsburgh, Pa.

Mar. 2 to 6-Fifteenth Pittsburgh Conference on Analytical Chemistry and Applied
Spectroscopy. Penn-Sheraton Hotel, Pittsburgh, Pa. Contact: Rudolph B.
Fricioni, Allegheny Ludlum Steel Corp., Corporate Quality Control Laboratory,
Rcscar~h Center, Brackenridge, Pa. Page 81 A, Sept.

Mar. 23 to 26-Second International Symposium on Advances in Gas Chromatography.
Sheraton Lincoln Hotel, Houston, Texas. Contact: Prof. A. Zlatkis, Dept. of Chem­
istry, University of Houston, Texas. Page 81 A, Sept.

Apr. 19 to 2l-Second Annual Oak Ridge Radioisotope Conference. Gatlinburg
Civic Auditorium and Riverside Motor Lodge, Gatlinburg, Tenn. Contact: Over­
man, Special Training Division, Oak Ridge Institute of Nuclear Studies, P. O. Box
117, Oak Ridge, Tenn. Page 49 A, Nov.

Apr. 22 to 25-Fourth Rare Earth Research Conference. Camelback Inn, Phoenix,
Ariz. Contact: Dr. LeRoy Eyring, Dept. of Chemistry, Arizona State University,
Tempe, Ariz. Page 67 A, Oct.

May 7 to S-Fourth Conference on Vacuum Microbalance Techniques. Mellon Insti­
tute, 4400 Fifth Ave., Pittsburgh, Pa. Contact: Mr. F. A. Brassart, Westinghouse
Research and Development Center, Beulah Rd., Pittsburgh 35, Pa. Page 67 A, Oct.

May 20 to 23-8ymposium on Modern Methods for the Analysis of Organic Com­
pounds. Eindhoven, Holland. Sponsors: German Chemical Society and Royal
Dut~h Chemical Society. Contact: Gessellschaft Deutscher Chemiker, Geschiifts­
stelle, 6000 Frankfurt (Main), Postfach 9075, Germany. Page 47 A, Nov.

May 25 to 29-Society of Physical Chemists of France, 40th annual meeting. Bor­
deaux, France. Subject: Strllctme of Polyatomic Radicals. -Contact: Prof. Guy
Emschwiller, Societe de Chemie Physique, 10 rue Vauquelin, Paris 5°, France, Page
75 A, Sept.

June 2 to 5-l5th Annual Mid-America Symposium on Spectroscopy. Sheraton-Chi­
cago Hotel, Chicago, Ill. Contact: Elwin N. Davis, Sinclair Research, Inc., 400 E.
Sibley Sh·d., Harvey, Ill.

June 22 to 26-Third International Congress of the International Federation of So­
cieties of Cosmetic Chemists. New York City. Contact: Walter Wynne, 321 West
44th St., Room 700, New York 36, N. Y. Page 62 A, August.

JUly 19 to 25-Third International Congress of Polarography. Southampton Uni­
versity, England. Contact: Dr. D. A. Pantony, Dept. of Metallurgy, Royal School of
Mines, Prince Consort Rd., London S. W. 7, England. Page 74 A, Sept.

Aug. 26 to Sept. 3-Third European Regional Conference on Electron Microscopy.
Prague, Czechoslovakia. Contact: 3rd European Regional Conference on Electron
Microscopy, Prague 1964, Organizing Committee, Albertov 4, Prague 2, Czechoslova­
kia. Page 75 A, Sept.

Sept. 14 to IS-International Conference on Mass Spectrometry. Paris, France.
Sponsors: ASTM Committee E-14, G. A. M. S. and the Hydrocarbon Research
Group. Contact: Secretariat du G. A. M. S., I, rue Gaston Boissier, Paris XV,
France. Page 67 A, Oct.
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$1.24/PT. $1.24/PT. $1.19/pT.

To Chemists
who think that Merck quality costs extra

It doesn't. ME-rck Chemicals may set the MERCK CHEMICALS SAVE YOU MONEY
standards th~lt others attempt to follow-
but who can put a price tag on quality? In FOR EXAMPLE:

fact, there are many examples where Merck Consumer Prices Per Pt.

customers actually save money, and still do PRODUCT SIZE MERCK BRAND B BRAND M

not have to sacrifice the extra quality. A Chloroform Reagent (A.C.S.) 5 pt. $1.19 $1.24 $1.24
quick look at the comparative price chart
will show you that it really pays to specify Acetone Reagent (A.C.S.) 8 pt. $ .48 $ .54 $ .52
Merck when ordering standard chemicals.

Methyl Alcohol AnhydrousAnd if your need is for something special,
again it is smart to specify Merck. The Reagent (A.C.S.) 8 pt. $ .44 $ .48 $ .48

production of specific chemicals for specific Isopropyl Alcohol Reagent 8 pt. $ .51 $ .56 $ .53
analytical jobs is a Merck specialty.

For your copy of the Merck Laboratory
Carbon Tetrachloride

Reagent (A.C.S.) 5pt. $ .97 $1.05 $1.00
Chemicals Catalog, plus the name and ad-
dress of your nearest Merck supply house, Toluene Reagent (A.C.S.) 8 pt. $ .45 $ .49 $ .48
write to: Quinton Company, Division of
lVI.erek & Co" Inc., Rahway, N.J.

rVlERCK LABORATORY CHEMICALS
Distributed by

QUINTON COMPANY, Division of MERCK & CO" INC., Rahway, N. J.
Circle No. B6 on Readers' Service Card
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RADIATION COUNTER LABORATORIES, INC.

WRITE FOR FREE EIGHT PAGE BROCHURE

.• 99 AlHIS IS PART OF
26~lHE NEW ReL

400 CHANNEL

PULSE HEIGHT
ANALYZ'ER
WOULD YOU LIKE ADEMONSTRATION? ~

',.........~ {jj'21 w. Grove St. Skokie, Ill. U.S.A.. TWX: 9675150, Cable Add1'ess RACOLA.B / Phone YOrktown 6-8700
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Important News for NMR Spectroscopists
'Vl./lil '!JIlIW ,'.11 II I~II II.IJ.lllI"'lllll)II"!lllll

..,
NEW LOW-COST INEMOTRON COMPUTER

USES AVERAGING TECHNIQUE TO GREATLY

INCREASE SIGNAL-TO-NOISE RATIO

INEMOTRON DIVISION

TECHNICAL MEASUREMENT CORPORATION

Division Sales Office: 202 Mamaroneck Ave., White Plains, N. Y.
Phones: (212) 876·1444 (914) 761-5000 Cable: MNEMOTRON

IN. EUROPE: Technical Measurement Corp., GmbH,
Mainzer Landstrasse 51, Frankfurt/Main, Germany

Othe.r offices in principal cities through~ut the world'

MNEMOTRON'S Computer of Average Transients - CAT
400 NMR * - offers significant new instrumentation for NMR
Spectroscopy.
Up to now the investigator has been severely limited in de­
tecting trace quantities or samples of extremely high dilution.
Random noise masking the desired signal has hampered the
detection of resonance peaks for adequate identification.
CAT 400 NMR greatly increases the signal-to-noise ratio. by
extending the period over which measurement is made. This
extension is accomplished on-line through use of an averag­
ing technique.
Analog signal amplitudes masked by low-frequency noise are
converted into digital counts that are stored in 400 memory
channels, starting from a known reference point. The counts
in each memory channel are added; the components phase­
locked to the reference point are isolated from the out of
phase random noise, which cancels out. The Spectroscopist is
thereb¥ provided with a clearly defined signal of the spectra
under investigatIOn.

The CAT 400 NMR includes circuitry providing for the elec­
tronic sweep of the spectrometer magnetic field, permitting
synchronization of the spectral sweep along with the CAT
analysis. In addition, a search ramp feature establishes a
reference pulse initiating CAT NMR operation. The reference
pulse is obtained in conjunction with the search ramp by the
use of sideband techniques. It may therefore be adjusted to
occur at any point on the spectrum for the enhancement of a
specific portion of the overall spectral pattern.
Computed results can be read out in analog form back onto
the plotter associated with the spectrometer - or in digital
form for further computer analysis.
The entire averaging process is performed within the instru­
ment itself. Yet CAT 400 NMR is portable, weighing just 35
pounds and occupying less than one cubic foot of bench space.
And it's low in cost!
·Patented

• See us at Booth 73, American Association for the Advancement
of Science Meeting; Cleveland, Ohio, December 26-30.

CAT 400 NMR PERMITS ON·LlNE DETECTION OF TRACE
QUANTITIES OR SAMPLES OF EXTREMELY HIGH DILUTION

"
~ ;~ ~ .
1<:>(;)"0---0'

~ ~, ... ""'.<.~, f ~':>f

,
10:1 . IMPROVEMENT k I

norbornene V.J.l

• Shown above are 13C patterns of the olefinic hydrogens from
13C in natural abundance. [Po Laszlo and P. von R. Schleyer,
1. Am. Chem. Soc. 85, 2017 (1963)).

• Development of thetechnique for using the CAT in chemical
applications of NMR and ESR is described by L. C. Allen and
L. F. Johnson, J. Am. Chem. Soc. 85, 2668 (1963). These
authors summed 2500 spectral traces in CAT 400 and ob­
tained a resultant spectrum for 0.004% ethyl benzene in
CC 14 having the same appearance found for a 0.2% solution
with a single trace.

• O. Jardetzky, N. G. Wade and 1. J. Fischer, Nature, 197, 183
(1963) report detection of 0.005 M OPN (diphosphopyridine
nucleotide) in 020 (alcohol dehydrogenase) - an experiment
that illustrates the importance of the averaging technique
in allowing the investigator to work with concentrations usu­
ally found in biological systems.

WITHOUT CAT 400 NMR WITH CAT 400 NMR
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TYPICAL RESULTS ACHIEVED
THROUGH USE OF CAT 400 NMR
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says Dr. Davis R. Dewey, II,
President, Baird-Atomic, Inc.
Cambridge, Massachusetts

~~.. _- -

III
. "

three most important research markets (see below),
but it does so with a unique editorial atmosphere
hat engenders the efficient use of modern research

instruments and techniques."

"Most of the instruments we manufacture are used
in research. This is why Analytical Chemistry plays
such an important role in our advertising program.
Not only does Analytical Chemistry best reach our

"Analytical Chemistry provides 115 with
the direct route to the users of amplifier
- analyzers, ~ calers and timers, linear
ra.temeters, and other products in our
complete atomic line."

SPECTROCHEMICAL
"AnalyticaJ Chemistry reaches the
scientists who apply grating spectro­
graphs in inorganic analysis a::lIi direct
reading spectrometers in metal
analysLs."

LABORATORY
"Analytical Chemistry is read by the
users of such products as infnred spec­
trophotoffiE'lers, the universal spectro­
photometer, the dichrograph, the flame
photometer, and optical interference
filters."

:;~ ""~~"',.. ~ :";

.-

ANALYTICAL
CHEMISTRY

An American Chemical Society Publication

1
Advertising Management:
REINHOLD PUBLISHING CORP.
430 Park Avenue, New York 22, N. Y.
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The assignment of the correct configurations
to the various stereoisomers which correspond
to a particular structure is one of the most
difficult problems of organic chemistf}'. In
many cases, NMR provides an elegant and con­
venient method for making such assignments.

For example, the structure, 1, 2, 4, 5-cyclo­
hexanetetrol, corresponds to five diflerent con·
figurations, differing in the arrangement (cis
or trans) of the four OH groups. All five of
these stereoisomers have been isolated and
their configurations established by NMR.'

Shown above are the configurations of the
two possible trans/trans 1, 2, 4, 5-cyclohex­
anetetrols (A and B). Also shown (A' and B')
are the chair conformations corresponding to
A and B. The A-60 NMR spectra shown were
obtained from the two isomers resulting from
a reaction expected to give only the trans/
trans arrangement. The problem, then, was to
assign each isomer the proper configuration,
that is, either (A) or (B).
1. For details see McCasland. Furuta. Johnson and ShooI­
ery. 1. Org. Chern. 28, 894. (1963) and references therein.

IN THE WORLD
OF CHEMISTRY

PPM (8)

O-C-H

O·C-HHDO

HDO

In spectrum 1the signals from the four methy­
lene protons appear in a narrow (width less
than 22 cps) pattern at 2.33 ppm downfield
from external tetramethylsilane. At 4.26 ppm
is a similar pattern due to the four O-C-H ring
protons. The narrowness of these two patterns
reveals that little if any chemical shift exists,
among the four methylene protons or among
the four O-C-H ring protons. This lack of chemi­
cal shift suggests that rapid chair-chair inter··
conversion is taking place resulting iii equiva­
lence of the four protons in each group on a
time-average basis. Only the diaxialdiequatorial
chair conformation A' would present such a
situation since ring inversion converts it to a
conformation identical with the original.
Spectrum 2 can be interpreted in terms of
conformation S' which has four equatorial OH
and on inversion gives a highly unfavored
conformer. The patterns at 1.85 and 2.67 are
assigned to the axial and equatorial protons
respectively of the methylene groups, which
is verified by the appearance of these pat·
terns. The mere demonstration that the methy­
lene protons are non-equivalent suffices to
allow the isomer giving this spectrum to be
assigned configuration B.



I\IORELCO means experience, capability and leadership that guarantees customer satisfaction. NORELCO means
complete technical know-how in the field of X-ray fluorescence and X-ray diffraction. NORELCO means simple
X-ray diffraction apparatus, larger X-ray spectrographs and diffractometers, more versatile automatic X-ray
spectrographs as well as electron microscopes, electron probe microanalyzers and nuclear instrumentation for
rapid, non-destructive and routine analysis on alloys, pure metals, cements, oils, ores, basic chemicals and
spacl:~ age components. NORELCO means you can depend on this analytical instrumentation of unexcelled
quality to serve you in science, in industry, and in research.

Norelco instrumentation is used daily by prominent manufacturing, research and development organizations,
institutions of learning and others whose high quality standards and good names are paramount in their
mer::handising efforts and public relations.

Try Norelco - you can't buy better instrumentation.

When requesting catalog, please mention specific area of interest.

Write to

PHILIPS ELECTRONIC INSTRUMENTS
A Division of Philips Electronics and Pharmaceutical Industries Corp.
Dept.AI-53, 750 South Fulton Avenue, Mount Vernon, N. Y.
In Canada: Research & Control Instruments • Philips Electronics Ltd. ·116 Vanderhoof Avenue' Leaside, Toronto 17, Ontario

ELECTRON PROBE MICROANALYZERS • X-RAY SPECTROGRAPHS • INDUSTRIAL RADIOGRAPHIC EQUIPMENT
ELECTRON MICROSCOPES • PROCESS CONTROL INSTRUMENTATION. X-RAY DIFFRACTOMETERS
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Particle Size: Measurement, Inter­
pretation, and Application. R. R.
Irani and C. F. Callis. viii + 165
pages. John Wiley and Sons, Inc.,
605 Third Ave., New Yorlc 16, N. Y.
1963. $7.50.

Reviewed by Emil S. Palik, General
Electric Company, Lamp Metals and
Components Department, Cleveland,
Ohio

The objective of this latest book on
particle size measurements is to fulfill
the need for a single reference work
"which would give an analyst a simple
choice of the preferred technique for
particle size measurement of a specific
material" and, in addition, to aid in the
interpretation of the results. In 10
chapters the authors attain this objec­
tive with a clearly-written style, well­
documented material, and ample graphs
and tables. The chapter headings are:
Application of Particle Size Distribution
Measurements, Definitions, Methods of
Data Presentation, Distribution Func­
tions Applicable to Particle Size Distri­
butions, Sedimentation Techniques, Mi­
croscopy, Sieving, Miscellaneous Tech­
niques, Comparison of Particle Size
Distribution Data from Various Meth­
ods, and Procedure for Choosing the
Appropriate Method of Particle Size
Measurement.

The book is up-to-date with literature
references and methods and contains
numerous references to commercially
available instruments. The book ap­
pears to be a compromise between the
detailed comprehensive volumes and
the abbreviated texts that have ap­
peared during the past decade. The
authors have placed some emphasis on
work which is described in detail in the
literature but have not made extensive
critical evaluations in all cases. This
limitation is undoubtedly necessary in
a book which covers a wide rapidly
growing field and should be borne in
mind by readers. This book differs
from its predecessors by having an
entire chapter devoted to a procedure
for selecting the appropriate method of
particle size measurement. Although
the scheme presented is fairly compre­
hensive, it can be only a guide. The
reader will of necessi ty need to treat
each sample on an individual basis, and
most certainly the choice of method
will be largely dictated by considera­
tions unique to the reader.

The book has been written to appeal
to both the novice and the more ex­
perienced worker, although in the re-

__ Circle No. 82 on Readers' Service Card

viewer's opinion its primary value will
be for newcomers in the field. The
authors have not devoted any sections
to the measurement of pore volume and
pore volume distributions which, like
surface area and particle size, are
properties that can have a significant
effect on the behavior of particles. The
authors do not mention or describe all
of the sedimentation devices available,
particularly other forms of the pipet,
turbidimeter, and sedimentation bal­
ance; however, their coverage is more
thorough in current methods than any
other publication known to the re­
viewer.

A large number of examples are from
the authors' own research. However,
first hand experience with some of the
instruments is lacking, and this prob­
ably accounts for the lack of critical
analysis for these instruments. A large
section is devoted to sedimentation
techniques, and here the authors have
gone into considerable detail on meth­
ods and calculations. The table of
dispersants for selected materials is
brief, but their tests for proper disper­
sion are elucidated in some detail.

The type is clear and easy to read.
More sketches or, preferably, photo­
graphs of the instruments described
would have made the book more useful.
The binding and illustrations are good
and the charts and graphs have been
well chosen and clearly presented.
Standard conventions have been em­
ployed in the graphical data presenta­
tions. A few mistakes and typograph­
ical errors were observed, but these do
not detract significantly from the read­
ing. In the mathematical derivations,
the authors have chosen symbols which
are unlike those employed in some other
texts, but this should not cause the
reader any difficulty.

This book reflects the wide experi­
ence and high level of competence of
the authors, and the range and balance
of their presentation is commendable.
In view of this, the reviewer recom­
mends this newest book to the particle
size community as a worthwhile addi­
tion to the growing number of books
on this subject.

Inorganic Thermogravimetric Analy­
sis, 2nd and Revised Ed. Clement
Duval. Translated by Ralph E.
Oesper. xv + 722 pages. American
Elsevier Publishing Co., Inc., 52
Vanderbilt Ave., New Yoric 17, N. Y.
1963. $22.

Reviewed by C. B. Murphy, Ad·
vanced Technology Laboratories,
General Electric Co., Schenectady 5,
N.Y.

In contrast to the original edition
(1953), which was a compilation of
the work of Professor Duval and his
students, this edition is completely re­
vised and represents a fairly compre­
hensive treatment of the literature up
to, and including, 1960. Some 2200
references are cited.

The book is divided into two parts.
Part One consists of chapters devoted
to a historical review of thermogravim­
etry, deflection type thermobalances,
null type thermobalances, and precau­
tions to be observed in application of
the technique. Seventy-nine chapters,
each devoted to an element, from
lithium to americium, together with a
brief section, organic chemistry, con­
stitute Part Two. References are cited
at the end of each chapter. The ma­
terial covered has been cross-indexed­
i.e., barium sulfate is covered in the
chapter on barium, with a notation to
this effect in the chapter on sulfur.

Twenty-one applications of thermo­
gravimetry are cited. However, some
of these are very unique--i.e., the de­
termination of the atomic weight of
carbon through the thermolysis of
calcium oxalate. Isothermal experi­
mentation is briefly mentioned, and,
then, not in connection with high tem­
perature oxidation of metals, where
significant work has been performed.
The application of the thermobalance
to the study of reaction kinetics disap­
pointingly was given half a page. The
chapter on organic materials in no way
reflects the amount of work that has
been accomplished, particularly with
polymeric materials. It would appear
that this last chapter could have been
omitted and, more appropriately been
substituted by chapters devoted to
clays and minerals.

The book reflects Professor Duval's
interests in the thermal properties of
precipitates. It is from this point of
view that most of the materials are
considered. The analytical chemisll
concerned with gravimetric procedures
will find the temperatures for treatment
of his precipitates well established.

In spite of some shortcomings, the
compilation of data on the inorganic
compounds will make this book a valu­
able reference for those interested in
the thermal properties of materials.
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NEW BOOKS

Reviewed by Stephen E. Wiberley,
Department of Chemistry, Rensselaer
Polytechnic Institute, Troy, N. Y.

Infrared Spectra of Inorganic and
Coordination Compounds. KazuD
Nakamoto. xii + 328 pages. John
Wiley & S0118, 111c .. 440 Park Ave.,
South, .VetO York 16. .\T. Y. 1963.
89.50.

:205 pages and serves as a general sur­
\'ey of the equipment and operational
techniques on this timely subject. Part
I (5i' pages) deals with every pha5e of
thin layer chromatography from the
clean glass plate through the recording
of the chromatogram. The factors
which influence t.he mobility of the
~ample on the plate are lightly dis­
cussed, such as adsorbents, application,
development sample size, detection, and
reproducibility of the Rf values.

The author states that the optimum
sample load to be applied to a plate
should be about 10 fig. or less. This is
in many cases an impractical limitation
when studies concerning purity are
carried out. Part II (64 pages) deals
with Special Techniques and describes
the different procedures used in de­
veloping a chromatogram, pH effects,
and normal and reversed phase parti­
tioning in thin layer chromatography.
Brief mention is made of ionophoresis
as applied to thin layer chromatog­
raphy. Under Identification, the [lU­

thor discusses the use of functional
group reactions on the chromatoplate
and chromatography of derivatiyes to
help characterize an unknown sample.
This section (10 pages) is \'Cry well
written and would be helpful to anyone
working in t.his area. An adequate
treatment of the quantitative enlua­
tion of chromatographed samples is
presented.

In the reviewer's estimation, ~ome of
the repetition that exists in Part I and
Part II regarding development and
detection could have been eliminated
(hrough consolidation of the related
information. Part III (81 pages) de­
;:cribes application of thin layer chro­
matography and contains a section on
the Resolution of Groups of Related
Compound5 (51 pages). This latter
topic is particularly well organized and
contains a number of the important
contributions that have appeared in the
literature such as the work on medicinal
compounds, alkaloids, and amino acids.

The book lists 282 references includ­
ing a number that appeared in 1962.
:\fam' of the journals are not readily
:lccessible to the average laboratory. •

This conci~e volume is recommended
to those \\'ho wish to introduce thin
b~;cr chromatography to their work.

• LOW COST

The general acceptance and wide­
spread use of "Thin Film Chroma tog­
r~[.]Jh~;" is evidenced by the increasing
numb",r of publication,:; ut.ilizing this
method. The more unin'rsally ac­
cepted term for this procedure appears
to be thin byer chromatography. For
thr sake of uniform nomenclaturE', it
\\'ould appear ach'antageous to stand­
anlize in favor of the term thin layer
chromatography.

Truter's book, in English, contains

- ~ CO"_

Actual laboratory application showing Sargent Con­
stant Rate Burette with Magnetic Stirrer, pH RE­
CORDING ADAPTER, and Model SR Recorder.

• EXCElLENT STABILITY
Drift less than 0.01 pH/hour

For Recording pH

SARGENT pH RECORDING ADAPTER OFFERS
• HIGH SENSITIVITY 0 FLEXIBILITY

1 m lIivolt per pH unit Output adjustable to give full scale
recorder deflection for 1 to 14 pH

Ex(rl~me resistance in ek:ctrode or solution is completely compatible with Sargent
or other high quality potentiometric recorders through this new instrument,
which transmits potent.al without distortion but converts impedance to lower
values. An electromekr circuit-stable, linear and of high resistance-provides
smoo;h, non-interrupted conversion with output at maximum sensitivity approxi·
makly I millivolt per ~,H unit. Adjustable sensitivity and variable displacement
give flexibility in sett~.llg pH range of the recorder. Accommodates standard
commercial glass and rderence electrodes.

For pH titration, the Sargent Constant Rate Burettes, which may be synchron­
ousl:, driven from Sarg·ent Recorders, are useful adjuncts.
S-72172 pH ADAPTER-Sargent Recorder. Without electrodes $170.00

Designed and Manufadured by E. H. Sargent & Co.

_ Write for Bulletin RA '&

~-:, "",f. <',< SARG E NT E.H,SARCENTl CO.• 4641 W.rOST£R AYE.,CHICAGO 30,ILL
~6f E ' ~ " ~ ~~~r.o:t ~'p~~~~ie~d~a~~; 3;~r~:;a~ ~~~rh::~~h~~Ii~:

SARGENT SCIENTIFIC L,Il,30RATORY INSTRUMENTS· APPARATUS· SUPPLIES· CHEMICALS
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Revieu:ed by B. Z. Senkowski, As­
sistant to the Director of Products
COlltrol, Hoffmann·La Roche, Inc.,
Nutley .W, X. ].

Thin Film Chromatography. E.
VallOll. Tntte;-. xi + 305 ]wges.
Illtersciflice Publishers. Illc.. 605
Third ..·lve .. .YetI: Yor/,' ;'6, :Y. Y.
19R3. 8/.00.
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QUALITY CONTROLLED ON CHLORINATED SOLVENTS
The chlorinated solvents manufactured by Pittsburgh Plate Glass Company at their Barberton, Ohio,
Chemical Division, are continually analyzed before leaving the plant to make certain they meet the
Company's high quality specifications. A high purity trichloroethylene produced at Barberton is used for
flushing missile fuel systems and has an impurity specification of 200 p.p.m. To perform this analysis
a 10p.l sample is injected into a gas chromatograph and run with the detector filament current at its
maximum level for greatest sensitivity. The impurity components are determined with an accuracy of
5-10 p.p.m. "The accuracy and ruggedness of the Hamliton 701NW/G simplify the handling of our
samples," states Fred P. Ewald, Jr., Barberton Senior Research Chemist. Hamilton manufactures a
complete line of precision syringes from a capacity of 0.5fJ.£ to 500/1.£ and other related chromatograph
equipment.

~CliP,attach to

~..........--..Iellerheadand mail

To: HAMILTON COMPANY, inc.• P.O. Box 307.8, • Whittier, Calif.
Send me a catalog on your complete line of syringes and related equipment

Name Title _
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(Illustrated: New Portable SpeedsE'rvo, Flush Panelgraph with 8" x8" front also available,)

Ne'w Portable Speedservo
(fast, sensilive, simple, versatile)

New, high-speed, high-capability Portable Speedservo-another
new generation "Graphli.ne" instrument from Esterline Angus
-designed to handle all your recording needs, tomorrow's as
well as today's.

High Speed: Ys second. full scale response. Records 4 cycle
signals without significant attenuation. Sensitive: 0-1 MV DC
without jitter. Many higher ranges. Accuracy Y2 %. Versatile:
Accommodates DC circuits with output impedance 100,000
ohms or less. Portable unit features sloped stainless steel writing
surface. Chart tear-off bar. Full 6" wide 100' long chart. Con­
venien.t: Dial 14 chart speeds from ~" per hour to 6" per
second. Input terminals, multi-range and feed selectors mounted
atfrortt for convenience. Hinged doors provide easy access to
writing system and re-roll mechanism. Less Maintenance:
Simple linear motion pen motor (unique shuttle type, not ro­
tary); no strings, no pulleys. Zener reference voltage. Infinite
resolution potentiometer prevents hunting.

In additi'Jn to the new Spe'ldservo, the radically new EA
"Graphline" of rectilinear recorders includes both single and
two-channel DC Microammeters, DC Milliammeters, AC or
DC Ammeters or Voltmeters, plus inkless and ink-type event
recorders. Your inquiry is invited. If desired, Esterline Angus
will glad2:{ adapt standard im.truments to your needs, or de­
velop new ones for you. Write for new "Graphline" Brochure. - ""-"'---.,<

ESTEHLINE; ANGUS Ir-;-sTRUMENl' CCIMPANY, INC., Box 596AC, Indianapolis 6, Indiana

ESTERLINE ANGUS
Excellence in instrumentation for over 60 years
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Many texts dealing with infrared
spectrometry have appeared in the past
few years, but only one has dealt exclu­
siyely with inorganic compounds, and
that book was bibliographic in nature.
Hence, this book which critically re­
views infrared spectra of various in­
organic compounds fills a definite void,

The first section of the book deals
with the theory of normal vibrations in
a definitive fashion. Purposely and
wisely omitted are subjects (such as
rotational spectra and experimental
techniques) already well covered by
other authors.

The discussion of inorganic com­
pounds is developed in a logical fashion
starting with diatomic and triatomic
molecules and then leading into the
point groups of more complex sym­
metry.

The final section of the book treats
coordination compounds.

The author does not attempt to
cover all the references to the infrared
spectra of inorganic compounds but
has chosen examples to illustrate par­
ticular concepts. His interpretation of
the various spectra are not always as
detailed as Herzberg's classical text,
which treats both inorganic and organic
molecules, but the main spectral fea­
tures are emphasized in a concise and
informative manner. There are several
useful group frequency charts and, of
course, the omnipresent group char­
acter tables.

The author's writing is direct, clear,
and to the point. This reviewer rec­
ommends this book as a valuable addi­
tion to the library of chemists inter­
ested in the spectra and structure of
inorganic and coordination compounds.

Composition Tables. Data for Com­
pounds Containing C, H, N, 0, S.
George H. Stout. xi + 391 pages.
TV. A. Benjamin, Inc., 2465 Broad­
way, New York 25, N. Y. 1963. $6.

These tables were planned to elimi­
nate repetitive calculation of theoretical
values of organic compounds. The
ranges of the elements included are:
C, 1 to 40; H, about C/2 to 2C + 2 +
N; 0,0 to 10; N,O to 5.

All the molecular and atomic weights
gil"en as well as the per cent composi­
tions, were calculated using the 1961
atomic weights of the IUPAC and are
based on carbon-12 as a standard.
They were calculated on an IBM 709
computer.

A set of preliminary tables provides
multiples of atomic weights for the
calculation of analyses of compounds
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lIl.",,~tl£oJt ...THE NEW LOOK IN PLASTIC TUBES

LIST PRICE/lOO TUBE CASE

DESCRIPTION 1-4 5·19 20+

15 ml, 16 mm X 114 mm 25.20 23.80 22.40
15 ml, 15 mm X 119 mm 29.70 28.05 26.40
50 ml, 29 mm X 104 mm 31.50 29.75 28.00
50 ml, 29 mm X 133 mm 36.00 34.00 32.00
"Conical Style

1648
2810*
1650
2809*

CAT. NO.

The Autoclear tube - a new development by IEC
- can substantially cut your laboratory tube
costs. It's absolutely clear. Clear as glass. But it
won't break. It's made of a special high impact
polycarbonate plastic. You can drop it. Step on it.
Hit it with a hammer - it just won't shatter. You
can centrifuge it to 100,000 XG. Autoclave it at
285 0 F. Re-use it over and over again. Autoclear
tubes are resistant to most laboratory chemicals.
And they're cheap - not just economical- cheap. Thirteen other sizes are available ranging from 3
When you consider their low initial cost and long to 125 ml. Have your IEC dealer deliver a trial case.
life, you can easily see the favorable impact they'll You will see what we mean - clearly!
make on your lab budget. Write for 12·page brochure on IEC plastic ware.

INTERNATIDNAL @ EQUIPMENT CD.
300 SECOND AVENUE. NEEDHAM HEIGHTS 94, MASS.
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Jarrell-Ash .. _as exclusive U.S.
distributor for Johnson, Matthey
& Co., Ltd.... offers you the
most complete line of high­
purity materials for use in
quantitative spectrochemical
analysis and research:

METALLIC SALTS

METALS - powder, foil,
sponge, lump, wire, etc.

RARE EARTH OXIDES

ELECTRODES

SOLUTIONS

STANDARD SETS
OF ALLOYS

Each shipment of each material is accom·
panied by a laboratory report which lists
detected impurities in parts per million.

SPECTROGRAPHIC SUPPLIES

Jarrell·Ash also carries in stock for your
convenience:

Jarrell·Ash S Q Powder Standards.
• Kodak Spectrographic Film. Plates.

Sievelopers. Stop Bat 1 Fixers and
Hardener.

.. "National" Electrodes. Pre-Forms,
Powders.

~~4 HOUR SERVICE ON STOCK ITEMS

_ Dedicated to excellence in
- - research, development and

... manufacture of precision
analytical instrumentation.

For catalogs ., clip the coupon.
attach to y~ur company letterhead
and mail.

i-JARRELL-ASH CCIMPANY-'
r 26 Farwell Street I
I Newtonville 60, Mass. I
I NAME I
L . __ ~~
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not included in the main tables, as well
as multiples of functional group weights
for the calculation of theoretical results
for group analyses.

Electrochemistry. Theoretical Prin­
ciples and Practical Applications.
Giulio Jiilazzo. Translated by P. J.
JIill. xv + 708 pages. American
Elsevier Publishing Co., Inc., 52
Fanderbilt Ave., New York 17, N. Y.
820.

This is the first English edition trans­
lated from the Italian manuscript and
brought up to date. The aim of the
book is to set out the fundamental con­
cepts of electrochemistry in the sim­
plest and most readily accessible form.
It is suitable for non-specialists but
presupposes a certain minimum famil­
i:uit\' \"ith chemical and physico-chem­
iC~1l concepts. Included are chapters
on rlpctrolytes and electrolytic conduc­
tion, Galvanic cells, electrolysis and
plectrochemical kinetics in aqueous so­
lutions, analytical applications, the
electrochemistry of colloids and electro­
kinetic: phenomena, general considera­
tions about electrochemical plants, elec­
trometallurgy in aqueous SOlutions, non­
metallurgical electrolytic processes,
rlectroJ~'sis in molten electrolytes, prac­
tical primar~' cells and storage batteries,
:1nd the electrochemistry of gases.

Organic Electronic Spectral Data.
Vol. IV. 1958-1959. J. P. Phillips,
F. C. :Vachod, editors. 1179 pages.
Jnterscience Publishers, Inc., 605
Third Ave., New York 16, N. Y.
1963. 820.

Volumes I and II covering the peri­
ods, 1946-52 and 1953-55, appeared in
1961. Volume III covering 1960-61 is
now being prepared.

The spectral data in this volume were
abstracted from journals listed in the
reference section. All entries are or­
ganized according to the molecular
formula index used by Chemical Ab­
stracts and Beilstein. For the com­
pounds listed, the following information
IS !!Inn: name and formula; soh'ent
used: \"avelength values in millimicrons
for all maxima, shoulders, and inflec­
tions, and the logarithms of the cor­
responding molar absorptivities in
parentheses; and code numbers refer­
ring to thr journal, page number, and
~'ear.

Spectrophotometric Analysis of
Drugs Including Atlas of Spectra.
Irving SWishine and S. R. Gerber.
xvii + 235 pages. Charles C

Thomas, Bannerstone House. 301­
327 East Lawrence Ave.: Springfield,
Ill. 1963. $10.50.

The ultraviolet and infrared absorp­
tion data of 150 drugs are presented in
this volume. Narcotics are net in­
duded since these are well documented
in the literature.

_1. screening procedure is presented
for isolating the drugs from blood for
further analysis. It is based on solvent
extractions of blood whose proteim; are
precipitated by zinc salts in alkaline
medium. The ultraviolet absorption
data can be obtained using this extract.
This material is reextracted and used
for KBr pellet infrared analysis. The
infrared absorption spectra are gi \'en
as chlorofonn solutions and as KBr
pellets.

The ultraviolet absorption spectra
index lists the drugs and indicates 1he
wavelength of their absorption maxi­
mums in miL, other absorption peaks of
the same drug, absorption minimums,
and page number for the spectra. The
UY spectra show two curves; one f,)r
the acid form of the drug and one for
the basic form.

The infrared absorption data were
obtained using a double beam recording
Perkin-Elmer Model 21 spectropho­
tometer.

Gas Chromatography 1962. Nt. van
Swaay, editor. Iii + 411 pages. Bltt­
tenvorth, Inc .. 7235 Wisconsin Ave.,
lFashington1.t D. C. 116·1. 8l.9.·'iO.

This book contains the proceedings of
the fourth symposium organized by the
Fachgruppe Analytische Chemie of the
Gesellschaft Deutscher Chemiker ~llld

the Gas Chromatography Discu:,:,ion
Group of the Hydrocarbon Research
Group of the Institute of Petroleum,
held at the Auditorium :\Jaximum,
Hamburg, Germany, from June 13 to
16, 1962.

Opening addresses and lectures ginn
by H. Kienitz, W. Drexelius, R. Sie\'­
erts, R. Kuhn, A. J. P. Martin, and
A. Y. Kiselev are included. The first
section contains eight papers on theo­
retical considerations in gas liquid and
gas solid chromatography. Section II,
10 papers, is concerned with appa­
ra tus and techniques including pro­
grammed chromatography, capillary
columns, mass spectrometric identifica­
tion, and process control using gas
chromatography. The last section con­
tains nine papers on applications.

The yolume contains the panel dis­
cussions and includes the discussions
that ensued after presentation of the
individual papers.



Featuring the most comprehensive line in existence
... new types to stay out front in monitoring

No matter what your particular monitoring problem or ap­
plication, Victoreen now is delivering an instrument to fit your
requirements exactly. Put Victoreen's Total Capability to bear
on your monitoring problems. Request your copy of Victoreen's
new dissertation "Environmental Radiation Monitoring" and
comprehensive catalog data. '2B-A

• GAS/LIQUID MONITORS
• ALPHA AIR PARTICULATE
• BETA-GAMMA AIR PARTICULATE
• BATCH SAMPLE MONITORS
• REMOTE AREA MONITORS
• VAMP AREA MONITORS

See them at Atomfair
Bootb'24~5

\fff
WORLO'S FIRST NUCLEAR COMPANY VICTOREEN

VICTOREEN \y
THE VICTOREEN INSTRUMENT COMPANY
5806 Hough Ave.• Cleveland 3. Ohio, U.S.A.

Victoreen European Office: P. O. Box 654. The Hague
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Advances in X-Ray Analysis. Vol. 6.
William M. Mueller, Marie Fay, edi­
tors. xi + 480 pages. Plenum Press.
Inc., 227 West 17th St., New York
11, N. Y. 1963. $17.50.

The Identification of Molecular Spec­
tra. 3rd edition. R. W. B. Pearse
and A. G. Gaydon. xi + 3.p pages.
John Wiley & Sons, Inc., 605 Third
Ave., New York 16, N. Y. 1963.
$18.50.

This is the newest volume in a con­
tinuing series reporting the proceedings
or the annual conferences on applica­
tions of x-ray analysis held at the
Denver Research Institute. This book
contains the papers presented at the
conference held August 8 to 10, 1962.
Topics covered include x-ray diffraction
and fluorescence; analysis of radioac­
tive samples; analysis at cryogenic and
high temperatures, and in vacuum;
instrumentation and accessories; x-ray
diffraction methods for studying aero­
sols; on-stream analysis; nondestruc­
ti\'e testing: and other aspects of x-rav
;l!1nIysi:::.

New data, recorded since the second
edition was published in 1950, through
the end of 1961 have been included in
this volume. There are 84 molecules
which appear for the first time, ob­
servations and information have been
extended for 135 molecules, and tables
of persistent heads have been revised
and increased by the addition of about
:350 new entries.

The wavelength region considered is
from 10,000 to 2000 A. Recorded data
from all diatomic molecules, and the
triatomic and more complex molecules
with well-defined banded structures
are included. The first section lists the
st.rongest heads of the more persistent
ancI better known band systems of each
molecule in order of \vavelength, to­
gether with information as to origin,
int.ensity in various sources, and ap­
pearance. The second section consists
of individual lists of band heads for
each system of each molecule with
notes related to the data.

In addition, ten pages are devoted to
procedures and precautions to be used
in identifying molecular spectra. A
number of photographs show the more
frequently encountered band systems.
Finally, the book contains a table of
persistent lines of the elements, and
author, and subject indexes.

ANALYTICAL CHEMISTRY published a
~ymposium summary written by R. S.
.Juvet, Jr., page 77 A, September 1962.

One of the best materials for hand
grinding-almost diamond-hard, inert,
resistant to acids and alkalis. Cavity
diameters. %" to 3".

BORON
CARBIDE
MORTAR
AND
PESTLE
SETS

Special sets have offset handles for
grinding on a microscope stage.

111111111.'1 INDUSTRIES, INC. • 3880 PARK AVENUE • METUCHEN, N. J.
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GENERAL DYNAMICS

GENERAL ATOMIC DIVISION
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u. S. Government
Publications

The following can be obtained from
the Office of Technical Services, U. S.
Dept. of Commerce, Washin(Jton, D. C.
20230

Infrared Technology and Nondestruc­
tive Testing. B. G. Martin, of
Army Redstone Arsenal for the U. S.
Army. February 1963. 30 pages.
Order AD 402 888. 81.00.

This report discusses a promising
nondestructive testing device for de­
tection of flaws in materials, based on
measurement of infrared radiation.
General feasibility has been proved in
the laboratory, and the device is now
being developed for the nondestructive
testing of solid fuel rocket motors, pri­
marily for unbonded flaws.

Effect of Pressure on the Thermal
Conductivity of a Gas. C. C. Mint­
ner of U. S. Naval Research Labora­
tory. February 1963. 24 pages.
Order 298 997. 75 cents.

This report describes research that
indicates that mean temperature in­
creases as the pressure of a gas is
decreased and therefore at a given
temperature the thermal conductivity
of a gas decreases as the pressure is re­
duced.

Application of the Internal Stand­
ardization Method for the Gas
Chromatographic 'Determination of
Drying Oil Fatty Acids. G. G. Es­
posito, U. S. Army Aberdeen Proving
Ground. March 1963. 11 pages.
Order AD 402 178. 50 cents.

Army research aimed at determin­
ing a suitable method for obtaining
quantitative data from the chromato­
graphic separation of methyl esters pre­
pared from oils used in organic coat­
ing indicates that gas chromatography
using an internal standard is adequate.

Precision Temperature Control of
Air and Oil Baths. N. L. Hensinger,
of Sandia Corp., for the U. S. Atomic
Ener(JY Commission. March 1963.
21 pages. Order SCTM 71-63. 50
cents.

Development of a new preCISIOn
temperature control device for air and
oil baths is disclosed. The controller
in combination with a carefully de­
signed air bath, has achieved tempera­
ture control to ±0.003° C. In com-

Should your
laboratory have an

activation analysis facility?

General Atomic, which operates one
of the world's leading activation
analysis laboratories and services,
now offers a Facility Design Service
to help you answer this question.
The Service, based upon General
Atomic's knowledge and experience,
assures an objective, comprehensive
study of your analytical problems,
and offers savings in both time and
money.

Instrumental neutron activation
analysis employing a small accele­
erator provides a very rapid, accu-
rate, versatile, non-destructive and Trflical lIell/rOIl !lellerMors IIsed ill the Act;Wl/iOIl
sensitive means of analyzing many Allalr·'·;" Sen';ce at Gelleral Atomic.

kinds of samples for many elements - at a moderate investment in equipment.

The Service is presented in three stages-which can be undertaken one at a time
if desired. It will (Stage 1) help you decide whether a low-cost accelerator facility
would be useful in your analytical work. Based on these results, it can then (Stage
2) design and specify a fully integrated, minimum cost, maximum performance
facility for your needs; and (Stage 3) provide and install such an optimum
facility in your laboratory, put it into full operation, and train your personnel in
its operation and applications.

The entire cost of the installed facility, including all equipment and all three
stages, can be as low as $30,000. Much more versatile facilities may cost only
$40,000-$70,000. For a detailed brochure on General Atomic's Facility Design
Service, please fill out the coupon below, or contact General Atomic, Activation
Analysis Service, area code 714, 459-23 10.

r-----------------------------------~
I GENERAL ATOMIC, DEPT. AA.35 I
I P.O. BOX 608, SAN DIEGO 12, CALIFORNIA I
I Please send me a Facility Design Brochure. I
I II Name Title .. c::: .... :... I
I Firm Phone';",;;';"",,,,,·; I
! '~":'.~~""« I

Address Ext.___ I
_:;;;:~..::::~~-:::~J I

I City . State I
~-----------------------------------~
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Super Conducting

MAGNET
D'EWARS

FAST DELIVERY'

This Sulfrian 30 liter stainless
steel dewar is a breakthrougl1 in
cryogenics, Liquid helium loss
rate is less than 70 cc per hour.
Send for engineering drawings.

Sulfrian also makes liquid r itro­
gen/oxyge,n containers, liquici hy­
drogen/ hE~lium conta iners, maser
dewars, free radical dewars and a
large line of low temperature
equipment. Send for 64 page cat­
alog and price list.

SULFRIAN
~:r~"NC'
1290 Central Ave" Hillside, N. J.

Phone: ELizabeth 5·1975
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bination with a carefully designed oil
circulation system, temperature control
to ±O,02° C. has been achieved in large
oil baths.

A Versatile Six-Inch Radius Mass
Spectrometer for Isotopic Analysis
of Solids, Liquids, or Gases. H, 0,
Finley et al. New Brunswick Lab­
omtory, for the U. S, Atomic Energy
Commission, April 1963. 37 pages,
Oreler NEL 191, 75 cents.

_-\ six-inch radius mass spectrometer
has been designed for use in low-mass
,,-ark such as for boron and lithium
analYsis, The design of the analyzer
rubc' ends permits rapid exchange of
ion sources and collectors with a mini­
mum of physical change or loss of in­
..,trument time, The ion source and
V,lcuum svstem valve arrangement
pPflllit fast' interchange of samples.

Ultracentrifuge Photoelectric Scan­
ner, Split-Beam. K. W. Lamers,
Lawrence Radiation Laboratory for
the U, S, Atomic Energy Commis­
sIOn. October 1962. 63 pages,
Order UCRL 10499. $1.75.

An electromechanical scanner is de­
scribed which can be used for display­
ing absorbance changes when a li.ght­
absorbing material such as a VIruS,

protein, or nucleic acid is sedimenting
in the centrifugal field of an ultracen­
trifuge.

A Versatile Spectrometer Magnet
Power Supply. W. A. Groppe,
Union Carbide Nuclear Co., for the
U. S, Atomic Energy Commission.
April 1963. 25 pages, Order Y 1414.
50 cents.

This newly designed mass spectrom­
eter magnet power supply offers good
regulation, low drift, and a sufficient
range of current. It can be used with
both 6-inch and 12-inch spectrometers.

A Plug-In Type Mass Spectrometer
Surface Ionization Source for Use
with a Vacuum Lock. W. W, Rice,
enion Carbide Nuclear Co., for the
U. S. Atomic Energy Commission.
January 1963, 15 pages. Oreler Y
1.;15, 50 cents,

A plug-in type ionization source has
been designed and built to be used with
existing yacuum locks and Nier-type
sources of the 6-inch and 12-inch mass
spectrometers.

Analytical Chemistry Division, An­
nual Progress Report. Period end­
ing December 31, 1962. ORNL for
the U, S, Atomic Energy Commission.
153 pages. Order ORNL-3397.
S2i5,

Dcvelopments in three major areas
of research are presented in this report:
analytical research, analytical develop­
ment, and service analyses. Subjects
in the report include analytical instru­
mentation, chemical analysis of ad­
'-anced reactor fuels, special research
problems, the gas cooled reactor proj­
ect, radiation effects, nuclear and radio­
chemical analyses, organic and inor­
ganic preparations, ionic analyses, in­
frared studies, and process analyses,

A Contribution to the Determination
of Beta and Gamma Cellulose in
Cellulose Rayon Pulps. lV. Piela
et al. Paper Review, Communiqlle
No. 100 of the Pulp and Paper Re­
search Institute. No.1, 1958. Trans­
lated from Polish, 7 pages. Order
Rl-31266. 50 cents.

Four chemical methods for finding
the content of beta cellulose and gamma
cellulose rayon pulps are reviewed in
this Polish translation. The four are:
Cross and Bevan; Czech; Swedish; and
a combined method.

The Analysis of Polyphenyl Radioly­
sis Products by Gas Chromato­
graph and Other Methods. lV, W,
West, California Research Corp" for
the U. S, Atomic Energy Commissiol1,
October 1962, 35 pages, Order
TID-n508. $1.

Polyphenyls that have decomposed
uncleI' the heat ancl radiation of a nu­
clear reactor were analyzed by gas
chromatography. Gases, liquids, and
solids (up through the hexaphenyls)
were successfully analyzed. Two other
methods, using the spectrometer as a
gas ehromatographic detector, and ad­
sorption chromatography, were also
considered.

Application of Distillation Techniques
to Radiochemical Separations. J.
R. DeVoe. National Academy of
Sciences-National Research Council,
AU(JlIst 19R2, 29 pages, Order NAS­
NS 8108. 50 cents,

This is another publication in the
Nuclear Science Series. After discus-

(Continued on page 68 A)
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CENCO'S NEW ANALYTICAL BALANCES

A. SOLID TITANIUM BEAM I JEWEL­
ED MECHANISM: beam surfaces can't
flake-lose weight-as do plated
beams. Synthetic ruby knife on syn­
thetic sapphire plane, jeweled bear­
ings at all critical points for long-term
accuracy. B. POSITIVE, CHAIN­
DRIVEN WEIGHT CONTROL:stainless
steel chain not affected by environ­
ment or age, no cord-and-pulley drive
to slip. Ring weights are stainless
steel, corrosion resistant, non-mag­
netic, precisely calibrated. NBS Class
"S" weights used in models 1581 and
1582; "S-l" in model 1580. C. ALL·
METAL HOUSING: durable, rugged,
minimum dust attraction. Heavy, mul­
tiple-coat baked enamel finish.
D. EASY·VIEWWEIGHING CHAMBER:
non-corroding base impervious to
chemical attack. Crystal clear glass
walls highly resistant to scratching,
will not discolor. E. EFFICIENT, NON·
FATIGUING CONTROLS: simple,
speedy operation through natural,
straight-line movement of operator's
hands from side loading of sample to
controls manipulation. With hands off
to side, operator always has clear view
of readout. F. EASIER, MORE ACCU­
RATE READOUT: fixed vernier with
cursor for quick. accurate readout.

Model No. 1580-H4 1581·H5 1582-85

Capacity 160g 160g 200g

Sensitivity 1.0mg O.1mg O.1mg

Precision ±0.3mg ±0.05mg ±0.03mg

list Price $585.00 $650.00 $980.00

r----------------·
CENTRAL SCIENTIFIC

a division of Cenco Instruments Corporation

1700 Irving Park Road .'
Chicago, Illinois, 60613
offices in principal cities

I'd like to know more about Cenco's new
single-pan analytical balances, and the intro­
ductory 10% discount offer which expires on
December 31, 1963.

o Please send literature

o Please call to arrange a demonstration

Name

Title

Company or Institution

Street

City State Zip Code IL ~

CEN.)·Z15
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Some people need to stretch the spectrum to 45 feet ...

This i" why Beckman oHers you the broadest line of
in fra red spectrophotomef.ers.
To serve your specific ner:(1.
\\'hE'ther it's simple or complex. Whl"ther it demands
routin(, repetition or ex!:n'me yersatility.

What'~H'r it is, you "'iIl find the appropriate spectro­
phoTOmeter in this distinguished lim-.

About the IR-4
Th',s was the first doub"le-beam instrument to incorporate
double-monochromator design with high energy, high
resolution, and low stray light.

And now, it's also wdl known for its extreme versatility
and success in highly specialized applications. Like external
S('lII'Ct' studies. Rl"f!l"ctance stud it's. And t'xternal detector
monitoring.
Y('11 also can extend the IR·4 range through the visible and
l.;V rt'gions in just I'ainutes for source and detector studies.
And all of this doesn't hinder its ability to perform usual
andlyses.

About the IR-5A
Tht're are two different versions of this low cost laboratory
workhorse.
The standard NaCll\Iodel offers a range of 2·16,u. And the
CsBr IR-SA covers the 11-3S,u region.
Both models have a 3 and 15 minute scan, single and
double beam operation, and the Beckman quality of design
and construction.
For routine analysis, the IR-SA is unmatched.

About the IR-7
This is an excellent prism grating instrument with high
resolution for exacting research studies.
The IR-7 also offers more versatility in infrared spectros­
copy than any other spectrophotometer in its price class.
Every parameter is fully adjustable.
In double beam operation, you can take adYantage of the
time proven optical null system for your most precise
differential work. In single beam, you get true direct
energy measurements.



ERKIN-ELMER GAS CHROMATOGRAPHS THE BROADEST SELECTION­
ITH THE MOST ADVANCED FEATURES-OFFERED BY ANY MANUFACTURER



PERKIN-ELMER GAS CHROMATOGRAPHS
DESIGNED AND BUILT-SOLD AND SERVICED-BY THE WORLD'S LARGEST PRODUCERS OF GASCHROMATOGRAPHIC EQUIPMwf

This sophisticat,=d gas chromatograph combines the most modern ad­
vances in instrument design and performance with utmost simplicity of
:>peration. Whe:her you use it in rhe research laboratory for precise
elution time mecsurements, or in the routine control laboratory for
dozens of doily automatic analyses, its unmatched speed, resolution,
reliability and precision open new areps of information on virtually any
organ;c mixture a~enable to gas chr~,matographic separation. It odds

automotic re~et c1d programming features to on unparalleled accuracy
of tem;:Jerature control, to provide-for the first time-dependable unat­

tended opera~ion.

MODEL

226 BASIC UNIT $4500

MODEL

800
SERIES BASIC UNIT $3195

MODEL

801
SERIES BASIC UNIT $3195

MODEL

810
SERIES BASIC UNIT $1695

aDo DIFFERENTIAL FLAME. The basic

i"st'urnent in I,is series features

the D~nalherm'JI oven design ',vith fully

propor,ionalte'T1peroture control one
Per~in·=lmersexclusive Differential

Fiene 1::>nizoti01 Detec~or. For dual or

singie column, p.Jcked or capillary

operation, precise linear tempe'oture

progrcm'T1ing, sample wllectic·n-
the ultimate In ve'·satility.

800 DIFFERENTIAL FLAME/HOT
WIRE. The Hot Wire Detecta: ;n this

combination i~: ins,olled in a separate

te'T1peroture-ccntrolied oven, and

may be used indepe.1dently of, or in

pJrallel with, the basic Differential
FiJ,,,e bn;zotion Detector.

800 DIFFERENTIAL FLAME/ELECTRON
CAPTURE. In thi~ ver:ion, both Ihe basic
Difierent'.)1 Flame Ionization Detecl:r

a~d rhe Ele:tron ·:optJre Detector--:n its

separate ther:nostattee oven-ore

mounred ot the some time. Pulser

power sup;::>I>' is optional.

800 DIFFERENT1AL FLAME/MICRO
CROSS-SECTION. The newest

Perkin-Elmer detector system, the Micro

Cross-Section Detector, is ;nounted

ir a !eporatE 'r.ermosta:ted oven, in
addit'on to tr,," Differential Flame

DEfec'or. It mJy be interchanged with
eitner the Hot WirE' or 'he Electron

Capture Detector aescribed above.

Ii

a01 DIFFERENTIAL FLAME. Designed

to meet the needs of medicol,
b;omedical and pesticide residue
':lpplicotions, this instrument retains all
the control advantages of the

"'/e,del 800, but features on all-gloss
syslem, including "on column"

injection in either of the dual columns.

A 'T1Jjor breakthrough is the new

all-gloss removable injection block,
whim permits the analysis of "dirty"

samples: i.e., anaesthesia gases in blood,
pestic;de residue extracts.

801 LlIFFERENTlAL FLAME/HOT
WIRE. As with the standard Model 800,
the Mo::lel 801 can be equipped with

on aC':Essory Hot Wire Detector

installeel in a separate temperature­

controi'E·d oven, to permit dual-

column t1ermal conductivity operation.

801 DIFFERENTIAL FLAME/ELECTRON
CAPTURE. Particularly useful ror

pesticidE residue analysis and silyl
ether deriva tives of steroids. The
Electron CCipture Detector can be

installed t:I the some time os the dual
Flame loniz,)tion Detector.

Again, pulser power supply is optional.

801 DIFFERENTIAL FLAME/MICRO
CROSS-SECTION. Also available

with this version is our newest detector

system, the Mi<:ro Cross-Section
Detector, mounted in a separate
thermos totted oven.

810 DIFFERENTIAL FLAME. This new

series, of modular design, offers-
for the first time-dual column

operation, with the high-sensitivity

Differential Flame Ionization Detector,

at on extremely law price. Included in the
basic instrument, in addition to the

Flame Detector, are the "ballistic"

temperature programmer, and

separate temperature control for the

dual injection blocks, with the proven

Dynathermal oven concept.

810 DIFFERENTIAL FLAME/HOT
WIRE. The Hot Wire Detector in this

combination is installed in a

separate temperature-controlled oven,

and may be used independently

of, or in parallel with, the Differential
Flame Ionization Detector.

810 DIFFERENTIAL FLAME/ELECTRON
CAPTURE. In this version, both the

additional Electron Capture Detector-
in its separate thermostatted oven-

and the Differential Flame Detector of

the basic instrument are mounted

at the some time. A pulser power
supply is optiona I.

810 DIFFERENTIAL FLAME/MICRO
CROSS-SECTION. The Micro

Cross-Section Detector is mounted in a

separate modular thermostatted

oven, and is installed at the same time

as the Differential Flame Ionization

Detector which is basic to the instrument.

It may be readily interchanged with

the Electron Co pture and Hot

Wire Detectors described above.



MODEL

811
SERIES

@
()

BASIC UNIT $1695

MODEL

820
SERIES

~f1
·0 :

BASIC UNIT $1495

MODEL

154D
SERIES BASIC UNIT $1950

'-LJ I?~y

A Preparative Gas Chromatograph
with linear temperature programming.

The temperature of the up-to-one-inch
diameter columns may be controlled
precisely by direct resistance heating. You
can collect sufficient sample with

one run, without setting timers. Complete

with collection system and columns.

820 HOT WIRE. This instrument has

the same features as the Model 810.

The principal difference is that the Model
820 is equipped with the Dual Hot

Wire Detector and control unit. Separate
temperature control for dual injection
block, columns and detector.

820 ELECTRON CAPTURE. The Electron

Capture Detector module is

interchanged with the basic Hot Wire

Detector module. The addition of
the Ionization Detector Electrometer

Amplifier module completes this unit.

820 MICRO CROSS-SECTION. The

Micro Cross-Section Detector is
interchanged with the Hot Wire
Detector module.

811 DIFFERENTIAL FLAME. The

low-cost way to achieve outstanding

performance in medical, biomedical and

pesticide residue studies where
gloss columns are specified. As in

the Model 801, this unit features on
all-glass iniection and column system,

coupled with modular design and
Differential Flame Ionization Detector

in the basic instrument.

811 DIFFERENTIAL FLAME/HOT

WIRE. Like the Model 810, the Model

811 permits the attachment of a
modular, accessory Hot Wire Detector,

complete in its own separate
temperature-controlled oven, permitting

duo I-column thermo I conductivi ty
operation.

811 DIFFERENTIAL FLAME/ELECTRON

CAPTURE. In critical pesticide

residue analyses, as well as bio-medical
determinations of the silyl ether

derivatives of steroids, the Model 811
provides low-cost proficiency. The
Electron Capture Detector can

be installed at the some time as the basic
Differential Flame Ionization Detector.

811 DIFFERENTIAL FLAME/MICRO

CROSS-SECTION. Also available

wi th this version is our newest detector

system, the Micro Cross-Section
Detector, mounted in a separate

thermostatted oven. It is interchangeable
with the Hot Wire and Electron

Capture Detectors described in the
two paragraphs above.

Be

USE THIS REPLY CARD to get free

subscription to the Perkin-Elmer Gas

Chromatography Newsletter and

further information on products.

MODEL

222P BASIC UNIT $2800

1540 THERMISTOR. Here is the world

stondard for gas chromatography.

The relia bi lity of this model has been

proved by the thousands of instruments
installed and operating in the

field today. The Model 154D features a

precisely-thermostalted, circulating
air bath oven, and thermistor thermal

conductivity detector.

1540 THERMISTOR/FLAME. With the

thermistor detector and the flame

ionization detector usable

independently, in series, or in parallel.

1540 THERMISTOR/COLUMN
SWITCHING. Three columns may be

installed in the instrument and used
independently or in series. Columns may

be switched in and out while

operating, and all columns may be

backflushed.

MODEL

154L
SERIES BASIC UNIT $950
154L THERMISTOR. The lowest-cost

precision-engineered gas chromatograph

on the market today. Of the some oven

design as the Model 154D and with the

some thermistor detector, the Model

154L is ideal for routine analysis.

154L THERMISTOR/COLUMN

SWITCHING. Ideal for Natural Gas

Analysis where columns must be

switched during analysis and heavy

ends backflushed.





.
J

€)
Coleman

Companion
H-5330X-$300.00

'"E)
Coleman Metrion II
H-5306X--$160.00

o
Leeds & Northrup 7401

H-4901 X-$330.00

i
i

pH METERS
available from "SGA"

o Photovolt Model 11 0
H-3625X-$265.00

Here are eight excellent pH Meters from three outstanding
producer5 of laboratory instruments-Coleman, Leeds &North­
rup, and Photovolt. All are drift-free. All are simple to operate
and maintain. All may be used for pH, oxidation reduction,
and titration measurements. And all are line-operated except
Photovolt Models 125 and 180 which use ordinary radio
batteries. Descriptive literature with detailed prices will be
sent on request.

o Direct reading to 0.02 pH from 0-14.. Accuracy ± 0.05 pH. Calibration
and temperature compensation adjustment.

E) Similar to Metr.i2D but with control knob for temperature compensation
10-100°CI; also provision for use with Coleman Titri2.!l..

€) Range: pH 0-14, millivolts - 1400 to + 1400. Direct reading to 0.02
pH. Accuracy ± 0.05 pH. Re-zeroes automatically.

o Five ranges: 0-14 pH; 0- ± 700 and 0- ± 1400 millivolts. Readable to
0.02 pH. Accuracy ± 0.07 pH. Temperature compensator (0-1 OO°C).

o For pH 10-141 and millivolt I +400 to -400 and +800 to - 800).
Readable to 0.02 pH. 0-100°C temperature control. Built-in voltage
selector.

o Same pH and millivolt ranges as Model 110. Readable to 0.03 pH unit.
Temperature control adjustable from 20° to 100°C.

o Battery operated, 2000 hours service. pH range 0-14, readable to 0.03.
Millivolt scale. Temperature control adjustable from 0-100°C.

o Seven expanded ranges each covering 2 pH units. Also single 0-14
range and millivolt scale for titrations. Readable to 0.01 pH. Battery
operated.

Branches: Boston 16
Mass.

Danbury
Conn.

Elk Grove Village
III.

Fullerton
Calif.

Philadelphia 2
Penna.

Silver Spring
Md.

Syracuse 2
N. Y.
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Dept. 478, 2555 Kerper Blvd., Dubuque, Iowa

Circle No. 101 on Readers' Service Card

$22.75700 w115 v AC

Use this 6" square hot plate for a

variety of routine and critical

work .... Stainless steel case is

corrosion resistant and scientifically

ventilated for cool, safe operation

on table top or fixture.

THERMOLYNE
TYPE A1900

Write for literature and name

of nearest dealer.

Now even finer hot plate per­

formance ... Fast heating ...

Wide temperature range. Close

step less thermostatic control

from 10' F above room temperature

to 700 0 F ... Improved insulation,

baffles, and control unit ....

Attractive, easy-to-read and set

control dial.

This technical note summarizes in­
dividual and collaborative National
Bureau of Standards research activities
in the second six months period of a
special research program on the growth
and characterization of crystals.

Proceedings of the 1962 Standards
Laboratory Conference. National
Bureau of Standards Miscellaneous
Publication 248. August 16, 1963.
254 pages. $1.75.

Research on Crystal Growth and
Characterization at the National
Bureau of Standards During the
Period January to June 1963. H.
Steffen Peiser, edito)·. National
Bureau of Standards Technical Note
197. September 23, 1963. 43 pages.
30 cents.

Experimental Statistics. 1\!1al'?} Gib­
IJOns Natrella. National Bureau of
.';talldol'ds Handbook 91. All(fllst 1,
/968. 504 pages. 84.25.

39 pages. Order NASA TN D-1825.
$1.25.

NEW BOOKS

During experiments where two men
lived in a simulated space cabin for 17
and 30 days, more than 13 compounds
or elements were found in air samples.
Compounds having metabolic origin
"'ere methanol, ethanol, acetaldehyde,
acetone, and methyl ethyl ketone. In­
organic materials included chlorine, sul­
fur dioxide, sulfate ions, chloride ions,
ammonia, ozone, and methylene chlo­
ride.

The follow/no can be obtained from
the Superintendent of Documents, U. S.
(;ovenl'ment Printino Office, Washing­
lon, D. C. 20402.

This publication consists of the pro­
ceedings of the first national meeting
of the National Conference of Standards
Laboratories, which convened In

Boulder, Colo., August 8-10, 1962. The
publication carries the text of the more
than 30 paper~ presented, plus tran­
scriptions of discussion panels. Also
included is a report of the business and
information session, with its panel on
standards laboratory information dis­
~emination.

This handbook contains in a single
\'olume a collection of statistical pro­
cedures that are useful in the design,
development, and testing of materials;
the evaluation of equipment perform­
:1I1ce; and the conduct and interpreta­
tion of scientific experiments.

Circle No. 59 on Readers' Service Card
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.;.-.......~Au~to~m~at:ic Recording
Amino Acid AnalYlers

Ratio Recorders

Flow·Colorimeters

Variable Gradient Devices

light Scattering Photometers

other Phoenix products
• AMINO ACID ANALYZERS • NUCLEIC ACID ANALYZERS • UNIVERSAL LIGHT SCAnERING PHOTOMETERS. TUR·
BIDIMETERS • COLORIMETERS • DUAL PHOTOMULTIPLIER TYPE PHOTOMETERS • AUTOMATIC RECORDING MASS
COLLECTING DIFFERENTIAL REFRACTOMETERS • FLUORESCENCE DEPOLARIZATION PHOTOMETERS • OPTICAL BENCHES
• MAPLE SYRUP AND HONEY COMPARATORS • MONOCHROMATIC LIGHT SOURCES • COLOR STANDARDS • LENSES,
PRISMS, MIRRORS, AND RETICLES • COLORIMETRIC ABSORPTION CELLS • CHROMATOGRAPHIC SUPPLIES • SPEC­
TROPHOTOMETRIC ANALYZERS • FLOW METERS AND TUBES • UNIVERSAL PHOTOMULTIPLIER MICROPHOTOMETERS •
GLASS PUMPS AND VALVES • RECORDING FLOW PHOTOMETERS • CONTINUOUS FLOW COLORIMETERS • RECORDING
DIFFERENTIAL REFRACTOMETERS FOR PROCESS STREAMS. NEPHELOMETERS • CONTINUOUS RECORDING NEPHELOMETERS

Bulletins alJUilable on any of the above Phoenix Instruments.

PHOENIX PRECISION INSTRUMENT CO.
3803-05 N. 5th STREET • PHilADELPHIA 40, PA., U.S.A.• BA 8-7417 • Coble PPI CO

Circle No. 182 on Readers' Service Card
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.........................................................................
MODEL C ROTARY EVAPORATOR

Continuous addition: Easily adapted
for either continuous addition rotary
evaporation of flash evaporation.

Heavy-duty motor: Fully enclosed
Bodine induction motor powers unit
with sparkiess, quiet, cool-running
operation.

Greaseless vacuum seal: Teflon ball
joint in stationary glass socket joint
forms seal that maintains 0.1 mm
vacuum while flask and shaft rotate.

All glass and Teflon surfaces: No
metal, rubber or grease to react with
sensitive materials.

For full information on the Model C
~__..a "_"';;;;.1"'__ Rotary Evaporator, write for Brochure AE.

High-vacuum, low-temperature

Rotary Evaporator

from CaLab features:

California Laboratory Equipment Company
1717 Fifth Street Berkeley 10, California

........................................................................
Circle No. 125 on Readers' Service Card

Wavelength range: 4,000· 8,000 A
Aperture ratio: 1:10
Eyepiece magnification: 10 times, 20 times
Dispersion efficiency: J./LlJ. =31 401 (at 4 861 A)
Degree of dispersion: 1.6 A/mm (at 4 861 A)

SPECIAL FEATURES
1. Dispersion degree is high

The degree of dispersion is high because two spectroscope
prisms are employed.
At 4 861 A it is 1.64 A/mm

2. AnalyZing efficiency is high
At 4 861 A it is i.ldA 31401 (wavelength difference where analysis
is possible, 0.155 ft..)

3. Aperture is large and bright
F= 1,10

FOREIGN TRADE DEPT.
TOKYO OFFICE: Kanda-Mitoshirocho. Chiyoda·ku. Tokyo

(Cable Add.: SHIMADZU TOKYO)
KYOTO OFFICE: Nishinokyo. Kuwabara·cho. Nakagyo·ku. Kyoto

(Cable Add.: SHIMADZU KYOTO)

SHIMADZU SEISAKUSHO LTD.

Business Lines

Scientific Apparatus, Atomic Power Apparatus, Electric

Measuring Imtruments, Industrial Instruments, Electronic

Apparatus, Material Testing Machines, X.ray Apparatus

& Radiation Apparatus, Speed Reducing Gears, Indus­

trial Machin es, Aircraft Ports.

For Speedy, Visual Analysis
SHIMADZU METALLOSCOPE TYPE 15·30

The SHIMADZU METALLOSCOPE TYPE IS-3D is a

spectroscope made to carry out qualitative and

quantitative analysis quickly and easily. Observa·

tion of the spectrum with the eye is possible, thus

avoiding the troublesome photographic process

and permitting simple determination of the com·

position of the sample.

Circle No. 5 on Readers' Service Card
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digital-type
reading

9

ACTUAL SIZE

-=-:-1'-1.&
ST. LOUIS· CHICAGO· HOUSTON. CLEVELAND
PHILADELPHIA. SAN FRANCISCO

BRINKMANN INSTRUMENTS INC.,

CANTIAGUE ROAD. WESTBURY, L. I.. NEW YORK

The new image is physically much larger
and brighter than scales on other bal­
ances, and the higher magnification has
also improved reproducibility.

In every respect, weighings are simpler
and faster. Reading errors are virtually
impossible. Before you buy, compare the
Sartorius Projection Scale and the
Sartorius Balance to any other model
available. You cannot appreciate the dif­
ference until you see it. Prices begin at
just $725.

&a,=-:-ii

w··..·~~
"i ,

-"- ~.-' - /'. 't
- ,'- '. tJ '',''1

. .

Another first from Sartorius.

The Digital Read-Out was achieved
through an increase in magnification
made possible by Sartorius' longer light
path-because the scale is located in the
base of the housing.

Sartorius pioneered in the introduction
of analytical balances with a 1000 mg
optical range reading direct to 0.1 mg
(without interpolation). Now, while most
competitive instruments still offer
shorter, less practical, optical ranges,
Sartorius is first to introduce a new pro­
jection scale on which each division is
individually numbered. And, this scale
is available on models with various sen­
sitivities i eluding a semi-micro version
(reading direct to 0.01 mg).

Today, Sartorius is first in balance
design.

Circle No. 186 on Readers' Service Card
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Mount
a complete

setup
securelr

in seconlls
-without

tools!

New! Manostat
,EZ-Lock Clamps
for laboratory
support frames

It'l; easy! Manostat's newly developed EZ-Lock Clamps let you say goodbye to tedious set­
screw tightening, screwdriver groping, misplaced tools. With the ingenious new EZ-Lock, just
a quick turn of the handle and the clamp is tightened securely with vise grip to two rods
at the same time. Disassembling is equally easy: to release rods, simply turn the handle the
opposite way. Clamp will not mar or scratch, cannot stick. Machined of rustproof aluminum

'alloy, with plastic cap on handle for sure, comfortable grip. New EZ-Lock Clamps are thor­
oLlghly compatible with the present line of Manostat Clamps and Support Frames, thus assur-
ing fast, easy mounting of setups virtually custom·designed to your own specific requirements.

See your loea"aboratorr supply dealer. 0: 00 ~ m~ @17 ~ 17~ .
Wnte for lijJ lA1lJ\J lliJ ®UlA1 U~

EZ.lOC~5::Xf. ' A Subsidiary of Greiner Scientific Corporation
26 NORTH MOORE STREET, DEPT. 521, NEW YORK 13, N. Y.

Circle No. 1 on Readers' Se"iee Clrd
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Manufacturers 01 Scientilic Instruments Laboratory Apparatus

Compare it with the
standard 5-inch

scope you've been
up to now!

write for descriptive
circular

For all customary
classroom demonstrations

Controls and operating characteristics
comparable to that of average 5-inch
oscilloscope.

All components chosen with generous
ratings to insure reliability.

Net weight: 80 pounds.

. including
150 s)'llibO1s ,

'tber e at" e Qvel:

No. 2140A Lecture-Table Oscilloscope Each, $390.00

THE WELCH SCIENTIFIC COMPANY
------ESTABLISHED 1880------

1515 Sedgwick Street, Dept. A-l, Chicago 10, Illinois, U.S.A.

-Welch­
LARGE 12-INCH SCREEN

LECTURE·TABLE OSCI LLOSCOPE

Controls operate 12-inch and 3-inch
tube simultaneously.

12-inch screen faces class.

3-inch monitor screen and all controls
on rear panel for instructor's con­
venience.

1 Have TYPIT®installed fTYPIT ~anUfacturedby •

2 Select the symbol ~le~~.~nbc~~fnn~~~~~:.e~i~~~~dria. Va.•

3 .... Gentlemen:
Insert the symbol I Send: OCatalog ORepresentative I

4 St Ok k Name Title__1
rJ e any ey: lcompany _

type the symbol Address I
NOW LEARN ABOUTr~it~ .:e~St:.-;.I
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SOME INTERESTING APPLICATIONS

of instrumental analysis to legal
problems were described at the
Symposium on Instrumental Meth­
ods of Analysis at the 77th Annual
Meeting of the Association of Of­
ficial Agricultural Chemists held in
Washington, D. C., in October.

Melvin Lerner, Chief Chemist of
the U. S. Customs Laboratory in
Baltimore, Md., described three
types of products for which gas
chromatographic analysis has been
especially valuable.

Gas chromatography has been ex­
tremely helpful in the identifica­
tion of alcoholic beverages which
have been shipped to the U. S.
Chemists at the U. S. Customs Lab­
oratory have examined a wide range
of liquors with gas chromatography,
and in many cases, types, brands,
and even the country where the
liquor sample was produced can be
distinguished. In the case of a cer­
tain French brandy, for example,
23 identifiable gas chromatographic
peaks have been found.

The problem of distinguishing
Cuban tobacco from the tobacco of
other countries, has, in a large
measure, been solved by gas chro­
matography. In the gas chromato­
graphic analysis of tobacco, the
U. S. Customs Laboratory chemists
extract the air dried tobacco leaf
with water and then petroleum
ether. Several hundred samples of
tobacco from many parts of the
world have been analyzed. By us­
ing an argon ionization detector anrl
SE-3D or General Electric XE-61
as the column material, it is pos­
sible to distinguish Cuban tobacco
from tobacco grown in other coun­
tries, as Cuban tobacco contains
mostly low boiling constituents,
while tobaccos from other countries
have more flavor constituents and
more high boiling constituents. It
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the ONLY balance for controlled environmental
testing ... under vacuum or pressure

,,,Vt\\11. ;\\II~§\\\V(OHR~lrJHI ,,~ §(O)~§, I'I~(C.

DEPT. AC-2151 LAWRENCE ST.• TEl. ALPINE 5-1723 • DENVER 5, COLORADO

The name AINSWORTH is your guarantee

AV ANALYTICAL RV SEMI·MICRO

LOS ANGELES

WATSON BROS.

FACTORY TRAINED
sales and service by

r------------.-.,
I
I
I
I
I
I
I
I
I

FISHER SCIENTIFIC CO. I
NEW YORK; CHICAGO; I
TORONTO; HOUSTON; I

SILVER SPRINGS, MARYLAND I
I I
~ -------------_-1

FV MICRO

10 gr.

0.01 mg./div.

0.001 mg.

±0.003 mg.

100 gr.

0.1 mg./div.

0.01 mg.

±0.03 mg.

200 gr.

1 mg./div.

0.1 mg.

±0.1 mg.

Capacity

Sensitivity

Readability by Estimation

Reproducibi Iity

Circle No. 25 on Readers' Service Card
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Taring Device ... permits reading
direct from zero; helps eliminate
mathematical errors; saves time.

Only All Metal Case by Ameri·
can manufacturer ... for maximum
durability and resistance to most
laboratory chemicals.

Patented Compensated Beam
'" minimizes effects of changes
in temperature, air density and
humidity. (U.S. Pat. No. 3,019,846)

"Add Weight" and "Remove
Weight" Signals ... appear auto·
matically on screen to immedi­
ately assist operator in weighing.

WM. AINSWORTH & SONS, INC.
Dept. AC, 2151 Lawrence St., Denver 5, Colorado

Gentlemen: I would like to have

( ) a demonstration of your Type 10 balance

( ) a copy of your Bulletin 662 on the Type 10 balance.

NAME: .

COMPANy: .

ADDRESS: .

... y , ••• I", .. ....,.-.Yf"

AINSWORTH TYPE 10
(compact size) Substitution-Weighing
Analytical Balance

YOU NAME THE DATE - WE'LL DEMONSTRATE

*a/l standard equipment on Type 10 Balance
at no extra charge

EXCLUSIYE* Ainsworth Features

For complete information, or demonstration, just send this coupon

EDITOR'S COLUMN

is even possible to distinguish Cu­
ban grown tobacco from Cuban
seed, American-grown tobacco from
American seed, American-grown
tobacco from Cuban seed, and to­
bacco grown in Honduras (a coun­
try with a climate greatly similar to
Cuba) from Cuban seed with gas
chromatography.

In narcotics analysis, gas chroma­
tography is used primarily as a sep­
aration tool. After a preliminary
separation on the argon ionization
chromatograph, the eluant is col­
lected in potassium bromide powder.
Then the components are identified
with the infrared spectrophotom­
eter. In the analysis of marihuana,
a combination of gas chromatog­
raphy and infrared analysis has
enabled the chemist to identify and
determine the concentration of
tetrahydrocannabinol, the impor­
tant ingredient in the narcotic. Ac­
cording to Mr. Lerner, recent studies
in Germany using thin layer chro­
matography and infrared spectros­
copy have led to the discovery of
three different tetrahydrocannabin­
ols present in marihuana.

Ultraviolet spectrophotometry is
one instrumental technique that has
been extremely valuable in de­
termining whether a race horse or
dog has been drugged, according
to Dr. John A. Herculson, Chief
Chemist of the Maryland Racing
Commission, Baltimore, Md. Over
150 drugs can be determined by
UV spectrophotometry. In cases
where mixtures contain com­
pounds with similar UV peaks, UV
spectrophotometry has been supple­
mented with column chroma­
tography, gas chromatography, thin
layer chromatography, and crystal
identification to determine the con­
stituents. Samples are customarily
taken from the winning animal's
saliva and urine. Over 70 different
drugs have been detected in the
urine of winning race horses over
the years. Quantities of drugs
found in race horse urine are small
varying from 3 to 100 micrograms,
which stresses the need for careful
analytical work by the racing com­
mission chemist.

Circle No. 23 on Readers' Service Car~
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5 LONG
AXIMUM IMPURITIES

~AT~RA~M~A L

AGKSP and SPK
Electrodes for Direct Reader

Spark Analysis Technique

Spectroscopists - you asked for it! Elimination of unwrapping and snapping of 1:2-in.
electrodes!

The new 6-in. NATIONAL spectroscopic electrodes in grades AGKSP and SPK-3/16
and 1/4·in. diameters-are especially made for spark applications. Precisely machined
and carefully purified, they come to you in "see-through," protective polystyrene boxes
to insure freedom from contamination. Individual wrapping of electrodes has been elimi·
nated -to provide quick, convenient use.

Every package is accompanied by a statement of purity-guaranteeing 6 ppm
maximum impurities-99.9994 per cent PURE!

For dependable reproducibility-every time-get the new 6·in. NATIONAL spec·
troscopic electrodes. Order today!

"National" is a rep.ist"rf'd trade-mark of

UNION CARBIDE CORPORATION
CARBON PRODUCTS DIVISION

Circle No. 106 on Readers' Service Card
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COMPANY .

NAME...

ADDRESS.......... .

WM. AINSWORTH & SONS, INC.
Dept. AC-2151 lawrence St., Denver 5, Colorado

Gentlemen: I would like to have
( ) a demonstration of your Type SC balance

( ) a copy of your bulletin on the Type SC balance

Capacity 200 gr.... sensitivity 0.1 mg.... readability by
estimation 0.05 mg.... reproducibility ±0.03 mg.

For additional information, or demonstration,
send in this coupon.

Complete control of quality
Ainsworth balances are completely
fabricated in Denver by the Ainsworth
company. Materials, design, produc­
tion, assembly and testing are the re­
sult of Ainsworth's 83 years experience
in making precision balances ... your
assurance of quality, accuracy, and
long service.

E~N.gv_~~ ~~••••m•• 3a.~m

"$
~.:
'C1

In one-pan balances
the name AINSWORTH

guaranteef"-

f . Eye-level rea~out ... in-line,
readout.

•
IS your

®

HUMBLE OIL

Donald W. Douglas, Jr.
President

they think 01 cancer
in terms 01

their emPlOyeeS

This space contribu.'ed by the publisher

SOUTHERN BELL TEL &TEL

These far-sighted executives and
hundreds of others have opened
their doors to our life-saving pro­
grams. Here are their reasons:

Last year, cancer cost American
business and industry ...

25,000 lives lost in the most
experienced age group of em­
ployees: 45-54
300,000 workers off the job
$200,000,000 in lost productive
man-hours

You can fight cancer with
a free education program for
your employees, that pays off
in lives saved.

The ACS Unit in your
community is ready to help.

AMERICAN CANCER SOCIETY

. ,
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This is the most versatile camera microscope
It is the Carl Zeiss Ultraphot II. If you want a micro­

scope that will do just about everything and is easy to oper­

ate, :his is the one you ought to choose.

it gives you the highesr degree of performance yet attained

in photomicrography. Once the image is focused, at the touch

of a butto:l, the autor~(Jtic camera produces sharp and prop­

erly expased photomicrographs. Sheet film 4 x 5", 35mm roll

film, or Folaroid film ':an be used. The camera head can be

substituted by grounc. glass screen for projection viewing.

The camero microscope has a unique illuminating system:

you cen work wit~ reflected or transmitted light or use both

simultaneously.

A choice of three light sources is available: tungsten filament

bulb, high pressure mercury burner, carbon arc lamp with

automatic feed.

The tube head is provided with a quintuple revolving nose­

piece for the objectives and the built-in "Optovar" which in­

creases the magnification by 1.25x, 1.6x, or 2x. Therefore no

additional eyepieces are required. The binocular tube is

equipped with an interpupillary distance adjustment device

and can be corrected for ametropia.

A full complement of accessories makes it possible to do any

kind of study in your specialty. Write Dept. AC for detailed in­

formation. Complete service facilities available.

CARL ZEISS,INc._The Great Name;n Optics
444 Fifth Avenue, New York, N. Y. 10018 •
DRANCH OFFICES IN "TI,.ANTA. C.,ICACO. L.OS ANCELES. S"'l\I FR.... NCISCO. s£"TTL.£ IN CANAOA: TOAONTO, /oIONTA£AI,.. WIN"lIPEC. VAt<4COUV£R

Circle No. 177 on Readers' Service Card
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The la-:est additicn to the AEI range of mass spectrometers is the MS 9-a dou·ble focusing, high resolution
i1strument specially designed for the examination of organic compounds, The MS 9 gives resolving power in
excess of any oth3r commercial instrument-it has a resolving power greater than 15,000, An accuracy of
mass measuremert of a few parts in a million makes it possible to obtain more precise information on the
atomic comr:osition of ions in the mass spectrum of an organic compound than has previously been possible.
Another important advantage of the MS 9 is that only very small samples need be used, often less than a
I.icrogram,
We would like to t311 you more about this equipment, so please write for leaflet. A colour film entitled
;f~.nalysis by Mass' showing the technique used, is available on free loan.

MS 9 MASS SPECTROMETER

Associated Electrical Industries Limited
Instrumentation Division

In the USA, technical literature on AEI Mass Spectrometers is available from: NUCLEAR AND ANALYTICAL DIVISION, PICKER X-RAY CORPORATION, WHITE PLAINS,

NEW YORK, USA. Elsewhere :Irite to AEI INSTRUMENTATION DIVISION, SCIENTIFIC APPARATUS DEPARTMENT, BARTON DOCK ROAD, URMSTON. MANCHESTER, ENGLAND

~E!)
,
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Quick-Connects can be used with
II metal as well as plastic tubing.

•

•

•

SWAGELOK Quick-Connects with single end or double
end shut·off for tube to pipe, tube to tube and bulkhead
tube to tube applications are available in brass and
stainless steel in sizes for IA" and %" 0.0. tubing.

~ Flow resumed instantly and vacuum tight seal assured
when connection is made.

Light, compact, streamlined design. Occupies little
space. For use with portable equipment and bulkhead or
panel applications.

Instant-acting seals prevent loss of fluid when fitting
is disconnected.

No twisting, turning or wrench action necessary. Easy
straight·line fingertip pull or push action for instant
connecting or disconnecting.

QUICK-CONNECT WITH SINGLE END SHUT-OFF
Swagelok Quick-Connects are suggested for use
with portable equipment and bulkhead panel
applications. They are furnished through local
distributors in sizes for %" through ¥S" 0.0.
tube, available in stainless steel and brass. The
Swagelok Quick-Connect Fitting is normally fur­
nished with Buna uN" 0 Rings. Other 0 Ring
materials are available for special applications.

QUICK-CONNECT WITH DOUBLE END SHUT-OFF
Swagelok Quick-Connects with unique double
end shut-off, for use on hydraulic or pneumatic
lines, contain instant acting seals in both parts
of the unit which completely prevent loss of any
pressure from either end of the line when the
fitting is disconnected. Flow is resumed instantly
when the male and female units (stem assembly
and body assembly) are connected.

The SWAGELOK end of the Quick-Connect is
assembled on the tube the same as any standard
SWAGELOK Fitting. No special preparation of the
tubing is necessary.

Your local Swagelok sales andservice representative canprovide immediate delivery ofquick-connects.



These American Chemical Society "'OURNALS

CHEMICAL & ENGINEERING NEWS

C&EN reports weekly all news of significance to
the chemical process industries and their major
customers and to the chemical profession­
from basic research in chemical and chemical
engineering science to making and marketing
chemical products. It does this with spot news
stories, short wrap-ups on current trends, and
longer articles on topics undergoing major de­
velopment.
It does this in such a way as to appeal to the
beginning chemist or chemical engineer as well
as to the more experienced managers.
l'Ye<lr subscription rates for U. S. and Canada only
$6.00 Canadian postage $2.00 additional

ANALYTICAL CHEMISTRY-

covers all phases of quantitative and qualitative
analysis, both traditional "wet" and instru­
mental, with staff-written or originated articles
and original research contributions; describes
new apparatus, chemicals, equipment, instru­
ments, products, reagents; shows new labora­
tory designs; contains a wealth of professional
information for analytical chemists in all fields.
Publishes Analytical Reviews and Buyers' Guide
issue each Apri I.
I-year SUbscription rates for U. S. and Canada only
ACS Members $4.00 Nonmembers $5.00
Canadian postage $0.70 additional

Nonmembers
$3.00
$5.00
$7.00

and Canada only
ACS Members

$2.50
$4.00
$5.50

I&EC ard 1 quarterly .
I&EC and 2 quarterlies ..
I&EC and 3 quarterlies ..
Canadian postage $0.90 additioral.
Note: IUC is sold only in combination with one or more of the quarterlies.
Sep3rate sUbscriptions to either the monthly or the quarterlies will not be
accepted.

keep you up-to-date on significant neIV developments in your specialty

as well as the entire chemical world!

Journal of AGRICULTURAL AND FOOD CHEMISTRY

This scientific journal presents basic and applied
research contributions and occasional review
papers in the fast·moving fields of agricultural
ani: food processing chemistry. Each bimonthly
issull contains 25 to 30 authoritative papers in
the inter-related areas of plant nutrients (fer­
tiliwrs) and growth regulators, pesticides_ food
additives, food processing, and the biochemistry
of nutrition.
I-year subscription rate (sold on annual basis only)
ACS Members $10.00 Nonmembers $20.00
Can,dian postage $0.50 additional

INDUSTRIAL AND ENGINEERING CHEMISTRY

Among the important few monthly technical journals that tell "why,"
I&EC ranks first. It contains pertinent information that keeps you on top
of your profession. In fact, only I&EC meets both your broad and spe­
cialized needs because it narrows your search for new ideas, previews
advanced technology, and provides (at a modest fee) access to many
original manuscripts before they are reviewed, edited, or published. You
receive the specialized I&EC Quarterly of your choice-or two or all three
of the following at low sliding scale rates:

I&EC PROCESS DESIGN AND DEVELOPMENT-reports new findings, syn·
thesis of ideas and techniques for new processes or improving existing
processes.

I&EC FUNDAMENTALS-reports new knowledge, ideas and concepts fun­
damental to further developments of industrial and engineering science
and technology.
I&EC PRODUCT RESEARCH MD DEVELOPMENT-reports preparation of
new or improved products, methods of synthesis, and modifications for
specific end uses.
l·year subscription rates for U.

CHEMISTRY
THE JOURNAL OF CHEMICAL AND ENGINEERING DATA

CHE.MISTRY presents easily understood reports
and feature articles on chemical theory, re­
search, and applications. It is directed partic­
ularly toward the secondary school science
stJ jent who wishes to relate classroom and
IEbmtory study to the rapidly expanding chem­
ica: world around him, and to learn of current
progress in the strongly technically-oriented
field in which he may wish to make his career.
Subscription rate $3.00 per year

This quarterly publication covers original ex­
perimental data and calculated parameters on
(]) phase equilibria, molecular transport and
thermodynamics and (2) properties and behavior
of materials. Emphasis is on data alone, from
known concepts or methods, rather than on
ideas and theories. Transitory data are included.
I-year subscription rates (sold on annual basis only)
ACS Members $9.00 Nonmembers $18.00
Canadian postage $0.40 additional

A bO\'e subscription rates are for U.S. and Canada. Write for rares for other countries.

Please enter my I-year subscription(s) to
the journals I have indicated below.

o INDUSTRIAL AND ENGINEERiNG CHEM­
ISTRY' (monthly) with tM following quarterly or
Quarterlies:

[) I&EC Process Design :lnd Development

[] I&EC Fundamentals

[J I&EC Froduct Research and Development

American Chemical Society
1155 Sixteenth Street, N.W.
Washington, D. C. 20036
My payment of $__ is enclosed for the subscriptions I have checked at left.

NAME

ADDRESS

c ANALYTICAL CHEMIS I~Y (13 issues per year)
CITY ZONE STATE

C CHEMICAL & ENGINEERING NEWS (weekly)
TITLE OR POSITION

COMPANY NAME PRODUCT
C CHEMISTRY

o Journal of AGRICULTURAL AND FOOD
CHEMISTRY (bimonthl~')

o THE JOURNAL OF CHEMICAL AND ENGi­
NEERING DATA (quart"rly)

My principal duties are:o Corporate Managemento Technical Management

§Process Research
Product Research
Producti on - Pro cess ing

o I am an ACS member.

§Analysis-Testing
Quality Control
Process Design

8 Product Design
Process Development

o Product Development
o Marketingo Market Developmento Technical Serviceo Consulting

BTeaching
Purchasing

o Advertising
o Sales
Other _
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F&M SCIENTIFIC CORPORATION
AVONDALE, PENNSYLVANIA
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· resolves 0.01 ug protein ... separates 20-30 protein fractions from human serum

One hundred times more sensitive than the starch gel tech-
niq ue, this powerful new method separates large molecular weight
subst3nces on Iljz-inch long columns of a specially processed
gel. More reproducible than either paper or starch, Disc Electro­
phoresis is also much faster - runs of Y2 hour are typical instead
of up to 12 hours. And you can actually watch the "front" move.

Twelve samples may be run at one time and results quantita­
tively evaluated with an exciting new microdensitometer which
scans the gel columns directly, producing a chart record of the
position and density of the various bands. Some typical protein

separations have produced: 14 bands from brain extract (previously

3 by starch) /4 sharp major hemoglobins (previously 3 blurred ones

on paper) /4 bands from frog embryo (previously 1 by starch),
For details see your Aloe Scientific representative or write

Aloe Scientific, ~ Division of Brunswick, 1831 Olive Street,
S1. LOLis 3, Mo.

Circle No. 26 on Readers' Service Card
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Aloe Scientific
is your exclu­
sive lahoratory
supply dealer
for Canalco Disc
Electrophoresis

Apparatus



LABORATORY OF THE MONTH

Eight-Story Building Houses Abbott's

Drug and Chemical Research Activities

Continuous screening for new antibiotic·producing micro-organisms
from soil samples collected throughout the world is speeded by
quick identification of families of micro-organisms that have merely
been "rediscovered." Paper chromatography, using several sol­
vents, gives routine identification of antibiotics and sorts out
promising new ones for testing

AN EIGHT-STORY GLASS AND ALU­

MINU:M STRUCTURE at Abbott
Laboratories' North Chicago, Ill., head­
quarters provides the center for the
company's drug and chemical research
activities as well as a large portion of
the control and development functions.

When dedicated two years ago, the
new structure containing 225,000 square
feet, doubled the space available for
the company's scientific facilities.
About 650 persons, more than half of
them professional scientists, are active
in the Abbott research and development
efforts. During the last five years there
has been a doubling of the research and
development budget and personnel.
The company's Rand D costs were
$10.4 million in 1962 and are expected
to rise to $11.6 million in 1963.

In the new building, laboratories gen­
erally are arranged along each side of
a central service section containing
pipes and conduits. This allows great
flexibility in arranging or moving lab­
oratories as need arises. Interior walls
of laboratories and offices are con­
structed of metal framework and panels
that can be moved easily and inexpen­
sively if changes should become neces­
sary.

A four-story wing to the building
is constructed so that it can be ex­
panded upward in the future. Eight­
,tor~· addi tions also can be erected that
,,·olild result in a building three times
as large as the present eight-story wing.

Current projects under way in the
Abbott rcseHch center include dis­
cases of the heart and circula tory s~·s­

terns, mental illnesses, infectious dis­
eases, metabolic studies, allergies, en­
docrinology, animal health products
and industrial chemicals. Receiving
more emphasis than ever before are
basic investigations of nucleic acids,
the chemical nature of cancer, biochem­
istry of antibiotics, enzymes, brain
metabolism, nerve regeneration, and
body defense mechanisms.

Analytical services are diversified
throughout various departments at Ab­
bott Laboratories. As a consequence,
much of the analytical work in the early
re~earch stages of the development of
a potential new product is conducted
in the research department concerned.
This not only provides faster analysis
but is partly based on the philosophy

that process knowledge is essential for
proper interpretation of analytical re­
sults. However, instruments and serv­
ices requiring specialized skills such as
x-ray fluorescence and diffraction, emis­
sion spectrography, infrared, nuclear
magnetic resonance, and microchemis­
try are centralized.

As the product proceeds to the mar­
keting stage, more of the analytical re­
search and requests for service become
centralized in the Analytical Research
Department which is part of the Qual­
ity Control Division. The Analytical
Research Department has three major
functions: first to develop suitable an­
alytical mcthods for the Chemical Con-

trol Department, second to prO\·ide an­
alytical control for compounds under
clinical investigation, and third to pro­
,"ide analytical services to other areas
within the company.

Because analytical problems vary de­
pending on the type of sample, the de­
partment is organized into groups to
handle the analysis of drugs and chem­
icals, formulations, trace analysis, and
development samples. Primary em­
phasis is placed on using the best tech­
nique to solve the problem rather than
fi t ling the problem to a specific tech­
nique. Although instruments are used
extensively as a means to an end,
much use is made of ,yet chemistry.
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~ The operation of a buffer evaluation apparatus is
observed by an analytical chemist. The apparatus
tests the effectiveness of buffer compounds in main­
taining the pH in body fluids

An Erweka tester is being evaluated
for its control and research applica­
tions to the determination of release
time of sustained release prepara­
tions. The preparation is treated with
a solution that simulates gastro­
intestinal tract fluid in the body. With
the instrument, samples of the solu­
tion are withdrawn at timed intervals
to determine concentration of active
ingredients released ~

Thin layer chromatographic tech­
niques and qualitative tests for
various functional groups are used
to characterize and identify drugs and
thei r degradation products ....

Analog computer simulates biological
systems for research purposes. On
the computer is an equation repre­
senting a system that returns to
normal (for example a heart beat that
slows down to its usual pace after
having speeded up because of ex­
ercise or excitement). The pattern is
traced at left on paper and at far right
on the oscilloscope ....
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Newest addition to the Abbott Research Center is this eight-story building. A
full penthouse accommodates ventilating and air conditioning equipment for
the entire building. Basement contains lecture hall, centralized storerooms
and laboratory services, and glass blowing shop in addition to other laboratories.
Not shown is four-story wing

LABORATORY OF THE MONTH

Radio-iodine-131 samples, from diagnostic studies, are automatically
counted by a gamma programmer, and results are printed on tape.
Efficiency and versatility of this type of instrumentation in radiochemical
analysis release the analytical chemist for nonroutine work

WACO TITRATOR
... for Karl Fischer Moistures

Circle No. 111 on Readers' Service Card

WACO TITRATOR BULLETIN

WRITE FOR WACO TITRATOR BULLETIN

describes this low cost accurate
titrator and the new Reservoir,
the Drain Flash and magnetic
stirrer shown above.

At $290.00 complete, the new

WACO for Karl Fischer moisture

determinations now features

NO-DIP, BALL JOINT Pyrex glass­

ware ... plus Drain Flask, WACO

magnetic stirrer ... for every

applicatianl Hundreds of users

of the original WACO may also

modernize as parts are INTER­

CHANGEABLE!

LABORATORY SUPPLIES AND EQUIPMENT

WILKENS-ANDERSON CO.
4525 W. DIVISION Sf. CHICAGO 51. Ill.
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Buying Varian's G-llA is like buying a
custom-built potentiometer recorder. It has
so many standard options you can order it
to fit your exact needs. Prices start at $515.
The G-llA is adaptable for voltage, temper­
ature, and current recording. It has as many
as 9 full scale voltage ranges from 10 mv
to 100 v d. c. It's rugged and compact. Port·
able or rack mounted. This flexible recorder
features: 1% accuracy; 1 second full-scale
balance; chart speeds from 1/8"Ihr. to
60"Imin. Complete prices and specifica­
tions from RECORDER DIVISION.

bOW CoSI VERSAllbllYHIGH In PERFORmAnCE
bOW In CoSI (As little as $405)
Varian was the first to bring you such a
sensitive, low-cost potentiometer recorder.
Thousands in use constantly prove the
G-lO's accuracy and reliability for every
recording chore within its capability. This
sensitive, rugged instrument features: 10 to
100 mv d. c. full scale; select one or two
chart speeds from 1/2"1 hr. to 16"1 min.;
1% accuracy; pen speed 1 or 2V2 seconds
full scale. For full specifications and prices,
write to RECORDER DIVISION.

VERSAllbE bAI RECORDER
Varian's G-14 bench top recorder has a
unique combination of high input impedance
and 1 mv sensitivity. The all solid-state G-14
features: instantly selectable spans of 1 mv,
10 mv, 100 mv, and 1 v; 0.5% accuracy
at 10 mv, zener diode reference, and full
scale zero plus 100 % suppression. Chart
speeds from I"Ihr. up to 16"Imin. This
unique combination of features assures
broad application throughout your labora­
tory. Prices start at $685. Integrator acces­
sory available. For details write RECORDER
DIVISION.

DUAbCHAnnEbRECORDER
(COMPACT: PORTABLE, TOO!)

Varian's G-22A is the least expensive servo­
operated two channel recorder available­
and the most compact. It puts two time­
correlated variables onto one chart of 5-inch
calibrated width. This versatile instrument
features: 1% accuracy; spans from 5 mv
to 500 v; 1 second full scale balance time;
2 or 4 chart speeds from 1/8"Ihr. to 16"1
min.; full scale zero adjust. Full accessory
line. Portable and rack-mounted models.
available from $1195. For full information,
write RECORDER DIVISION.

• " ARIAN ASSOCIATES RECORDER DIVISION
I V #4 611 HANSEN WAY, PALO ALTO 4, CALI F.

In Europe contact Varian A. G., Zug, Switzerland

Circle No. 69 on Readers' Service Card
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2 NEW LOW-COST INFRARED SAMPLING CELLS

NEW, IMPROVED
FIXED THICKNESS CELL
Here is ageneral purpose, permanently-sealed, liquid absorption cell
designed for handling small volume samples in all pathlengths and
window materials. Amalgamated seal of either silver-mercury or
lead·mercury provides insurance against leakage. New luer·lok*
fittings take ordinary vaccine or luer syringe and eliminate spilling,
smearing, make cleaning easier. This cell utilizes the minimum amount
of crystal and reduces cost of rebuilding by ready replacement of
complete inserts which are available. Inserts, as designed,
need no additional spacers, gaskets or bolts.

*Regis/ered trademark 0/ BectolJ, Dickinson and Company.

NEW AMALGAM SANDWICH CELL
WITH NEW, IMPROVED HOLDER
Here is anew low·priced crystal cell with many advanced features.
Amalgamated spacer provides highly-resistant seal. Flow-through
design means easier filling and cleaning. New "luer-Lok" fittings accept
both vaccine and luer syringes for easy filling and cleaning. New clip
protects cell; knurled screws help locate maximum transmission area
for accurate calibration of path length through fringes. Cell is highly­
resistant to most solvents. All Ama Igam Sandwich Cells are
interchangeable in one holder and are available in all common
materials and pathlengths.

Barnes Engineering Company makes and markets the products offered formerly by Connecticut Instrument Company.
Write or phone for complete specifications on these new sampling cells.

INSTRUMENT DIVISION
BARNES ENGINEERING COMPANY
30 Commerce Road / Stamford, Connecticut / Telephone: 203 348-5381

Circle No. 118 on Readers' Service Card
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ACE AUTOMATIC PIPETTER
• Fills and Pours

Automatically,
Rapidly.

• Interchangeable:

One Head For
All Capacities,
All Volumes•

• Short Tipping
Angle.

Cat. No. 8004. Interchangeable volumetric bulbs give reproducible volumes
within ± 1% for capacities greater than 5 m!. Smaller capacities to within
±O.l m!. reproducible. Please specifY volume of bulb and flask capacity
when ordering.

Specifications and prices: Erlenmeyer Flask! 29/42, 500 mi.: $2.60 each, 1000
ml.: $3.10 each. Flask Head! 29/42: $11.80 each. Interchangeable Volumetric
Heads! 14/20,1,3,5 mI.; $3.75 each; 10, 15 ml.: $3.85 each; 20,25 mi.: $3.95 each.

Ace Interchangeable Tissue Grinder

Cat. No. 8345. A precision ground
instrument for macerating tissue.
Rod and barrel are interchange­
able. Rod is ground its entire length
and can be reversed for double
life. Rod fits Ace Cat. No. 1200
B Flex-grip Chuck, forming a flex­
ible coupling to the motor drive
when mechanical operation is de­
sired.
Price complete $6.75, Rod $3.00,
Barrel $3.75.

SPECIFICATIONS: Ground section
of barrel 82 mm. Overall length of
barrel 125 mm., length of ground
rod 240 mm. Barrel clearance of
.005 to .008" meets G.S.A. specs.

Circle No. 21 on Readers' Service Card
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-STILL I;
THE

BEST
VALUE
FOR YOUR MONEY
Here is just the right laboratory
temperature control unit. Light..
est weight (only 5 lbs.), compact
and portable ... so that any
container can be converted quickly
and easily to an efficient constant
temperature bath. Extremely ac­
curate (to ±0.01°C). Wide range
(0°_100°C). Operates safely even
in a very shallow immersion
depth (3~"). Direct and simple
setting of precise temperature
(utilizes very sensitive Mercury
contact controls-not bi-metal).
Adjustable rate of flow from a
few drops per minute to a
remarkable 12Lfminute ... And
priced sensibly . . . compare
features with less expensive units
which are much less rugged, 'tess
accurate, less dependable. Just
drop us a note and we'll send
complete details.

~BRONWILL

\fISCIENTIFIC
A OIVISION OF WILL SCIENTIFIC.,IN(;.

224 N. Goodman St., Rochester I, N. Y.
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_ d 43 $885
varlcor for gen-

'fve servo-recorder .
A versatile senSI I • Multi-range, potential
eral laboratory use. r • Choice of per ce~t
and current recorde

b
· bance indication ,n

.' or a sor t ra-transmisSion • For gas chroma og
spectrophotomet~y: r ionization. • True

hy by conductivity 0 than 1 second
p . . put • LesS ..
Potentiometric In .: It full scale senslt1v-

d 10 mlillvo . d
pen spee - tor for integrating an
ity.• Output connec

telemetering.
Write for Bulletin #1130

llineal/lOQ
laboratory
Recorder

$890
Microcord 44

h electro-balance
For gas chromatograp't~c' al applications.

d other cn I t n
service an 1 V full scale.• Fas pe
• Ranges to !z m t. speed-change

• Highly accura e.
sp:ed. • Integrator connecter.
SWitch. . #1000

Write for Bulletin

Super

~ ~:~:~~;:l~
Recorder

==­=======
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MOD. 520-M

PHOTOVOLT

For the exael measurements of extremely low light
values down to 1/10,000 microlumen ... for absorp·
tion and flame photometry. Colorimetry through
microscopes. Scintillation measurements on crystals.
Fluorescence trace analysis. Monochromatic color
densitometry. Measuring high densities on micro
areas. light measurements through telescopes.

Write for Bulletin #360 to

PHOTOVOLT Corporation
1115 Broadway • New Yark 10, N. Y.

i! LINE-OPERATEO
k. SUPER-SENSITIVE ELECTRONIC

l MbLTIPLIER.PHOTOMETER
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IIIIFIIIIFIIIIEIIII~S
by the purveyors of

EASTMAN Organic Chemicals
Distillatian Products Industries, Ro(hester 3, N.Y.

1. To demonstrate to future buyers of Phcllolphthalein
Dibutyrate (EASTMAN 9044, $5.45 for 10 g.) that a
constructive purpose has been accomplished by the tone
of the following communication from a past purchaser
who used it as a substrate for testing esterase activity
of mycobacteria:

any discussion that does not result in an order is on the house_
The list of "G" liquids may well have lengthened by the time

you read this.

3. Rhodamine B (EASTMAN 4453, $3.30 for 10 g.),
which has at least the following 30 uses, as described in
the indicated Chemical A bstracts references:

I look forward 1:0 hearing from you further.

SUBJ: Phenolphthalein dibutyrate recently obtained
from you.

We find that adding sodium carbonate or bicarbonate in very
small quantity to a solution of the chemical you furnished
produces an imIT~diate purple color. We interpret this as
due to free phe~olphthalein. Solution is obtained by use
of acetone (3 :nl per 10 mg of the ester brought to 20 ml
by the addition of distilled water) .

1. Determination of Sb (41, 1947c; 50, 1516a; 54, 10657c;
54. 9606b; 21. 1779~)

2. Determination of Au (44, 4820b; 50, 2357g; 54, 22160i)
3. Determination of TI (44, 4820b; 48, 2514g; 52, 6063b;

56, 4097a)
4. Determination of Ga (49, 10118g; 50, 2357e)
5. Determination of Fe (45, 8936b)
6. Determination of W (52, 971b)
7. Determination of Cd (53, 18743a)
8. Determination of Ta (53, 7857i)
9. Determination of U (54, lInd)

10. Determination of Pu (55, 5212d)
II. Determination of Re (56, 9296)
12. Determination of Zn (56, 7976g)
13. Fluorescent indicator in fatty acid determination (46,

7793e)
14. Determination of molecular weights of polymer chains

by inhibition of fluorescence (48, 7986h)
15. Fluorescent indicator in determination of So, S~03=' and

SCN- (41, 3392d)
16. Indicator for critical micelle concentration of soaps

(49, 6940
17. Fluorescence indicator in iodometry, bromometry, and

titration by KMnO. (45, 8936b; 32, 73673; 33, 20627;
35,17226)

18. Fluorescent spot test for enolizable nitro compounds
(49, 7451d)

19. Selective stain for plasma in living plant cells (45,
5nOg)

20. Vital stain with transient specificity for mitochondria
(51,51990

21. Determination of dead yeast cells (52, 17611c)
22. Paper pulp differentiation (52, 9597d)
23. Fluorescent protein tracer (53, 10493b)
24. Hypochlorite determination in presence of chlorates

(53, 8941c)
25. Acid-base indicator in glacial acetic acid (54, 4243a)
26. Determination of cracks and splits in objects by u-v

fluorescence (55, 6056h)
27. Vital stain for tannin in Spirogyra cell and for vacuoles

in higher plants (55, 2815c)
28. Indicator of water translocation through cortex of plants

(55, 23696c)
29. Lipid determination in nerves (56, 662h)
30. Vital stain strongly stored in nucleus membrane of some

plant cells but not in nucleus interior (33, 13560)

OI.till..l...,001"", I,,",,~~. I ~"IIII; I
is 0 division of Eastman Kodak Company

Prices subject to change withoul Ilotic'!.

4. In this day and age of pH meters and other modern
devices, when one would expect a slack demand for that
old familiar wall chart showing pH ranges and color
changes of 57 EASTMAN pH Indicators and would be
quite wrong, an updated version thereof with 61.

5. Some 4100 other compounds detailed in "EASTMAN

Organic Chemicals List No. 43."

6. A copy thereof, free.

for around $30.

EASTMAN G50 Butyl Alcohot
EASTMAN G943 sec.·Butyt Alcohol
EASTMAN G364 Butyl Butyrate
EASTMAN G945 iso-Butyl iso-Butyrate
EASTMAN G6104 l·Chloroheptane
EASTMAN G1481 Cumene
EASTMAN G702 Cyclohexane
EASTMAN G972 Cyclohexanone
EASTMAN G2543 Cyclopentanone
EASTMAN G2405 Decane
EASTMAN G2144 p-Dioxane
EASTMAN G1697 2-Ethoxyethanol
EASTMAN G719 Ethylbenzene
EASTMAN G413 Ethyl Hexanoate
EASTMAN G5890 2-Ethylhexyl Acetate
EASTMAN G125 Ethyt Propionate
EASTMAN G2793 Fluorobenzene
EASTMAN G2215 Heptane
EASTMAN G5082 Hexyl Acetate
EASTMAN G467 Methanol
EASTMAN G2381 2-Methoxyethanol
EASTMAN G946 Methylcyclohexane
EASTMAN G1263 4-Methylcyclohexene
EASTMAN GU07 Octane
EASTMAN G568 Pentyl Alcohol
EASTMAN G848 Propyl Alcohol
EASTMAN G212 iso-Propyl Alcohol
EASTMAN G325 Toluene

or EASTMAN G2396 2,2,4-Trimethylpentane

~ which might be 5 ml under N 2 of

The "G" stands for gas chromatography, the means of final puri­
fication thaI; gives us strong confidence that these are the purest
of all liquid EASTMAN Organic Chemicals and a strong suspicion
that they are the purest liquids available from a commercial
house. Sure, with nothing better to do for a few months and
nobody asking questions about outlays for equipment, a good
physical chemist could work up a sneer at that word "commer­
cial." He could possibly also work up 5 ml of any of these com­
pounds constituted of molecules more homogeneous in some
respect or other than ours.

Ours carry a green label. They are intended as standards. You
may conceive of less static uses. We expect that each transaction
will involve individual correspondence and explanation of the
g. c. curve for the particular batch, a document we shall furnish
with the vial. It's knowing precisely what you are getting in the
vial that has to be worth the price. Neither the liquid nor the
information is worth much without the other. The cost to us of

Upon receipt 0,0 the gentleman's barb we switched over to the
method we use for making Filloresceill Dibllfyrafe (EASTMAN
8965, $6.75 for 25 g.). This other dibutyryl ester of a dye is em­
ployed in a similar scheme for determining lipase fluorometrically
in the presence of other esterases (Allal. Chelll. 35, 588). Now
they're both clean of free dye. Only honest men can afford to
ad vertise like this. Honest and successful men. And above all,
modest.
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When
do you use
a hardened
filter paper?
When you need high wet strength, resistance to acids
and alkalis, freedom from lint and ahard surface
for scraping precipitates.

The illustration of the Buchner is supposed to emphasize
the problem of filtration under suction. If you have
ever had a filter paper break in the middle
of one of these operations you will be happy to know
you could have prevented this by using one of the
Whatman hardened grades. We defy you to buak these
unde1' nm'mal laboratory suction. Also, if you have
to remove the precipitate from the paper you can
scrape away with a spatula without worrying about
including fibers. (If you are more concerned about the
filtrate, 7'elax; it won't have any fibers either).

Noone has yet developed a completely logical and
foolproof method for numbering filter paper grades,
but the system used on Whatman hardened papers
comes pretty close. Any Whatman grade
with 5 as the first digit is a hardened paper.
Papers in the 50 series are low ash
hardened grades (like the unhardened 30's)
and the 540 series are ash less grades. '
Whatman No. 540, for example, is the
hardened equivalent of Whatman No. 40,
but on the other hand Whatman No. 54
is the hardened equivalent of No. 31.

If you would like a copy of our
new catalog which unlocks all these
numbering mysteries drop us a line.
We will also send along some samples
of the Whatman hardened grades.

WRITE TO DEPT. H.

WIlnanUmrnfdlIt1l
FILTER PAPER

Sole sales agents: reeve angel



· ..one pH meter has less than
0.01 pH drift per 24 hours!

It is an expanded scale instrument which can be

used for direct reading measurements from either

o to 14 pH or over any span of 2.8 pH.

Maximum accuracy is 0.01 pH. Line-operated.

Delivery from stock.

For corrplete information on quality pH Meters,

unique ccmbination electrodes and a list of

stocking distributors near you, please contact:

mMETROHM
Cir"~~ NQ. 13 on Readers' Service Card

BRINKMANN INSTRUMENTS, INC.
Cantiague Road
Westbury, L. I., N. Y. 11590

ST. LOUIS' CHICAGO' HOUSTON' CLEVELAND
PHILADELPHIA. SAN FRANCISCO ..

GLASS ABSORPTION CELLS

Klett-Summerson Photoelectric Colorimeters ­
Colorimeters - Nephelometers - Fluorimeters
Sio-Colorimeters -. Comparators - Glass Stand-

ards - Glass Cell - Klett Reagents KLETT

OF FINE QUALITY

MA~~ KLETT

MANUFACTURING CO., INC.
179 EAST 87TH STREET
NEW yORK ••••• N. Y.
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No. I in a Series:

ADVANCES IN ELECTRON MICROSCOPY
This is on obiective lens pole piece for

the Hi tachi Perkin-Elmer HU-ll A Elec­

tron Microscope. It represents the cul­

mination of one half million scientist

and engineer hours of reseorch and

development. It is one element in the
remarkable imaging system of the HU­

II A. The electron optics of this instru­

ment are unmatched in performance
and versatility. Introduced one year

ago, the enormous potential of the

HU-ll A as a fundamental research
tool is now being realized in nearly

100 laboratories throughout the world.
Its guaranteed resolution is 7A.
The background electron micrograph

on this page shows the (111) orienta­
tion of single crystal gold. The spacing

of the vertical lines is 2.35A. It was

taken by the tilted illumination method.

The total magnification is 6,700,000.
This extraordinary micrograph was ob­

tained with a standard Model HU-llA
by an expert electron microscopist un­

der controlled conditions at the Hitachi

Central Research laboratory in Koku-

bunji, Japan. It is by for the highest

resolving power demonstrated to this

time by any electron microscope.
Perkin-Elmer, as exclusive U.S. distribu­

tor, is proud to be associated with this

milestone achievement in Electron

Microscopy.
A print of this electron micrograph

and complete inforniati0n on the HU­

II A can b" obtained by writing to:

The Perkin-Elmer Corporation, Distrib­
utor Products Department, 751 Main

Avenue, Norwalk, Connecticut.

PERKIN-ELMER
ERB & GRAY DIVISION
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BEL-ART PRODUCTS,

These and mllny other NEW items are listed in

our catalo!J supplement just off the press!

Write Dept. A-12 for your FREE copy.

Nd+3· CaF2

Nd+3· BaF2

Nd+ 3 'SrF2

HO+3. CaF2

RANGE, 0-10 MIlllVOLTI O_t
0-100 MILLIVOLTS D.t

MODEL #22700

SERVO-GRAPHIC
RECORDER

Sodium Chloride

Potassium Chloride
Potassium Bromide

The Servo-Gr€lphic Recorder is an
ideal laboratory instrument. Put it
to work and save a valuable tech.
nician's time. O.E.M. users invited.

Dy+2· CaF2

Sm+2· CaF2

Sm+ 2 • SrF2

Tm+ 2 • CaF2

Calcium Fluoride
Barium Fluoride
Lithium Fluoride

U+ 3 • CaF2

U+ 3 'BaF2

U+3. Sl'F2

Tm+ 3 • Sl'F2

Also, all other trivalent rare earths in CaF2, BaF2 and SrF2.
I.ndicative of our quality, most of the above wez:e first mased
in Optovac grown crystals.

Circle No. 97 on Readers' Service Card

... in Optical Maser Crystals

• Pen travel 1 Second full scale.
• Accuracy 99% or better.
• Photoelectric Chopper for long life•
• Zener di<Dde stabilized reference

voltage.
• Adjustable poper speeds.
• Input suitable for high impedone"

sources.
• Adjusfable range control.

HIGH QUALITY STANDARDS
.. in Optical Crystal Blanks

• Prompt Delivery • Large Size Availability • Precision Cutting

• Scattering Free • Impurity Absorption Free • Strain Free

OXbow 4-0500PEQUANNOCK, IN. J., 07440

PLASTICS

Another first from Bel-Art ... connectors for
micro sized tubing. The connector ends are of
stainless steel hypodermic needle size tubing. The
gleam ing white polypropylene center section is
designed to make handling easy, to permit secure
attachment when tied down and for convenient
suspension when using hanging loops.

They are unaffected by hospital solutions, are
non-toxic, cannot break, chip or crack and can be
autoclaved repeatedly.

In 18,20 and 27 gauge sizes from stock. Other
sizes available soon.

• SEE YOIUR LOCAL SUPPLY DEALER.
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Announcing
amajor new
distributor

incorporated... including all facilities, services and
stocks of Harshaw Scientific and Chicago Apparatus.
Matheson Scientific was organized to provide the most effective service to laboratories, on a nation-wide basis. In combining the
facilities of two fine distributors, Chicago Apparatus and Harshaw Scientific, we are able to offer the finest lines of laboratory
equipment and supplies, with dependable service in all parts of the United States. Although our name and ideas are new, our roots
extend back to 1866, making us the nation's oldest/newest lab supplier. We will appreciate any opportunity to serve you.

MATHESON SCIENTIFIC Inc. / Division of The Matheson Co., Inc.

BRANCHES:
CHICAGO / 1735 N. Ashland Ave. / BR 8-4630
CINCINNATI /6265 Wiehe Road /731-9100
CLEVELAND / Laisy Ave. & East 88th St. / VU 3-2424
DETROIT / 9240 Hubbell Ave. / VE 6-6300
HOUSTON /6622 Supply Row / WA 3-1627
KANSAS CITY, MO. / 1827 McGee St. / VI 2-5116
LOS ANGELES /3237 S. Garfield Ave. / OV 5-8060
OAKLAND, CALI F. /5321 E. 8th St. / KE 3-9169
PH ILADELPH IA / Jackson & Swanson Sts. / HO 2-4700
ST. LOU IS /5147 Brown Ave. / EV 5-5992
SALES OFFICES: BATQN ROUGE 6, LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 / HASTINGS-ON-HUDSON 6,

NEW YORK, Tel. HAstings 5-8~50 / PITTSBURGH 22, PENNSYLVANIA, 504 Bessemer Bldg., 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930
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V.A.NGU.A.RD
MODEL 880 4 PI AUTOSCANNER REDUCES
BACKGROUND TO LESS THAN 10 CPM, REVOLU·
TIONIZES COUNTING OF W, Cl4, AND S35

Directly below you see the Vanguard Model 880 Auto­

scanner which combines low background (actually less

than 10 cpm) with 4 pi detection, plus automatic opera­

tion. The I'esult is remarkable sensitivity in chromato­

(;JI-am scanning of low-energy, beta-emitting radioiso­

topes. Since its introduction, the Model 880 Autoscanner

has been in constant demand from medical, agricul­

tural and pharmaceutical reseal-ch laboratories.

_ WindO\vless gas-flow, geiger detection, counts radi­

ation on both strip sides simultaneously _ Completely

transistorized _ Automatic shut-off of gas and power

_ Handles chromatograms 1~ to 4 em. wide in lengths

to 100 ft. _ Automatically marks solvent fronts, leading

and trailing edges of strips.lO scanning speeds, 5 rate

meter time constants, 7 count rate ranges, 5 individual

slit width collimations _ Better than 2% accuracy of

count rate on all ranges. Compact, one unit Eystem,

adaptable to direct digital quantitation.

Informative brochure available! If you would like detailed

information about Vanguard's Model 880 Autoscanner,

send for this free brochure. It outlines distinctive fea­

tures and lists all operational characteristics.

ANALYZE RADIO CHROMATOGRAMS WITH EXCEPTIONAL
SENSITIVITY, EASE AND SPEED.

MODEL 880

"885 Glass Plate Scanner available with above Model
880. Complete specifications available on request."

VANGUARD INSTRUMENT COMPANY. P. O. Box 244 • LaGrange, Illinois 60525 • FLeetwood 2·1600
Designers and Manufacturers of Precision Instrumentation for Research

I~egional Offices: New York, N. Y., 520 Fifth Avenue. TN 7·1998 • San Francisco, Calif., 115 New Montgomery Street, EXbrook 2-0511
Baltimore 2, Maryland, 217 North Calvert Street, 301-727-3666
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Developments •In

by Ralph H.
Muller

Electronics

A T THE CLOSE of this year, we wish to
dIscuss some revolutIOnary develop­

ments in electronics which are already
beginning to influence instrument de­
sign. For more than a decade, elec­
tronic design has been increasingly
threatened with what the experts call
the "tyranny of numbers." In thc early
1950's, an 'advanced computer contained
somewhat over 1000 active devices. By
the end of the decade this number had
risen to the order of 100,000. Equip­
ments are now in development with a
device count in the many millions. For
every active element (tube or transis­
tor) there are passive devices, inductors,
capacitors, resistors, wires, etc. For a
long time, we have had microminiaturi­
zation, in which drastic reductions in
size and weight have effected many
economies including cost. However,
these things cannot be continued with­
out limit and do not evade the essential
"tyranny of numbers." The inevitable
job of assembling, maintaining, and in­
terconnecting these tiny elements pre­
sents formidablc problems, not the least
of which is the matter of reliability.

MICROELECTRONICS

As J. A. Morton, Vice President, Bell
Telephone Laboratories, Inc., remarked
a few years ago: "The aim of elec­
tronics is not simply to reproduce physi­
cally the elegance of classical circuit
mathematics-rather, it is to perform
desired electronic system functions as
directly and as simply as possible from
the basic structure of matter."

In a recent monograph, "Microelec-

tronics, Theory, Design and Fabrica­
tion," (383 + xix pages, ;\'IcGraw-Hill
Book Co., Inc., ~ew York, ~. Y, pub­
lishers, edited by Edward Keonjian),
these topics are discussed bv fourteen
authorities. This book is a ;emarkable
example of a publication devoted to a
field, progress in which is so rapid that
much of what is described will be
ancient history a year from now.

Quoting again from the foreword to
this book, Morton says: "The func­
tional device approach exploits our po­
tential ability to perform electronic cir­
cuit functions by going directly to the
physics of solids without being impeded
by classical concepts of circuit elements.
Increasingly, we can expect the inven­
tion and development of physically sim­
ple single devices which will replace cir­
cuits having large numbers of classical
elements.

"A few functional devices have been
in use for many years, though not digni­
fied by that name. The piezoelectric
crystal, as a resonator, is equivalent to
an assembly of coils, capacitors, resis­
tors and connections, but nowhere
within the crystal can one identify this
part as a coil or that part as a capaci­
tor. In the semiconductor area, newer
examples of functional devices are the
pnpn and Esaki diodes and the pnpn
shift register and counter. With other
materials, too, we have demonstrated
t he feasibility of performing complex
log;ic and memory functions directly in
a monolithic wafer of ferrite, cryogenic
or ferroelectric material, with corre­
sponding reductions in individual com­
ponent-connection count per function."

MOLECULAR ENGINEERING

A closely related discussion, which
deals primarily with materials, is to be
found in a special report entitled
"Materials for Space-Age Electronics':
[Electronics 36, No. 43, 37 (1963)].
Current developments and applications
for .such materials as gallium arsenide,
gallIum phosphide, gallium and indium
antimonide, indium arsenide, boron ni­
tride and phosphide, the titanates, and
a host of other compounds. These sub­
stances are not strangers to the chemist
but the electronics people have bold
plans for their more widespread use in
what they call "molecular engineering."
The organic chemist is by no means out
of this picture. Rare earth chelates
such as europium trifluoro thenoyl ace­
tonate have been used as laser materials
and made it possible to produce stimu­
lated emission in liquids and plastics.
Pumping energy is absorbed in the or­
ganic portion of the molecule and trans­
ferred into the central europium atom
to produce the characteristic emission.

The current attitude seems to be that
one should not look for semiconductive
properties per se in organic compounds,
but rather to see how they can be used
to perform electronic functions. Some
of the properties that may be useful are
piezoelectric, piezoresistive, photochro­
matic, electrochromatic, dielectric prop­
erties, acoustic interactions, and infra­
red transitions.

SEMICONDUCTORS

New tricks are not Jacking in the ap­
plication of semiconductor devices to
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There are constant improvements in
precision and size-reduction in electro­
mechanicnl devices. A good examplr is
the stepping motor. The device is like
a synchronous motor in principle, ex­
cept that its rotor does not revo!l'p
smoothlv and continuouslY when the
motor i~ energized. Inste;d, on com­
mand from the input, the rotor tranls
an incremental step, stops instantly nnri
loeb magnetically in position. \Vhen a
signal of opposite polarity is npplied:
the rotor advances another precise step.
deli\'ering torque in exact proportion t(,
and at the same rate as the input.

Sigma Instruments of Braintree 85,
:\lass., "nnounces an electromagneti.:
drive of this sort, the Cyclonome, which
delivers torque in precise 18° steps at
rates up to 1000 steps per second wifa
p to 5-inch-ounces of torque with no
,tanclby power to maintain high holding
torque. It has only one moving part
with no catches, ratchets, or escape­
ments. Sizes are as small as 1 cuhic
inch and require only the simplest in­
put circuitr~·. The device is suitable f.)r
chart and tape drives analog-digital
converting, impulse counting and, for
step servos, in remote positioning and
in timing.

ELECTROMECHANICAL DEVICES

passive elements. One of the neatest of
these is the raising of Qvalues in a t:ll1k
circuit (LC) by neutralizing the eqlliv:l­
lent resistance of the tank circuit II'ith a
semiconductor negative resistance ele­
ment. As described by Carl D. Todd
[l~'le(:t1'o1llcS 36, No. 40, 30 (191i:3)]
~llch ncg:nive resistance elements
C\RE) can bc paralleled with a tank
circuit to neutralize its equivalent resis­
tance. When the KRE is adjusted for
infinite Q, it leads to sinusoidal oscilla­
tions in the circuit. Editorial comment
on this paper suggests that "getting rid
of resistance merely by introducing neg­
atin rC'sistance to cancel it seems so ob­
\'ious as to be unreal. It's like a science
fiction plot to use negative gravity to
hold the spacr ship aloft, yet for t<ll1k
circuits it work~.·· As author Todd ex­
plains, the utility of the scheme resides
in the fact that "many resonant circuit~

require a higher Q than practic:1I LC'
components can give. This is especiallv
true for the lower frequencies where
relatively large inductances are neces­
~ary and where a coil having sufficiently
high Q is often too heavy." :\1a11\' re­
finements of the general principle are
described among which i" the matter of
temperntme com pensa tion. For aile
-:JRE it wns possible to obtain stahi]it~·

of the order of 5 parts per million per
degree Centigrade over n temprrnture
rnnge of -20 0 to +100° C.

INSTRUMENTATION

Materials available include lithium fluoride,
calcium fluoride, barium fluoride, sodium
fluoride, sodium chloride, potassium chlo­
ride, potassium bromide, silver chloride,
KRS-5, KRS-6, thallous chloride, thallous
bromide, cesium bromide and cesium iodide.

Special crystals can be custom grown to customer
specifications. Other products include specially oriented
crystals, attenuated total reflection components, and
X-ray monochrometer plates. For additional information
write to the Crystal-Solid State Division, The Harshaw
Chemical Company, 1945 East 97th Street, Cleveland,
Ohio 44106, phone area code 216, 721-8300.

Write for our booklet "Harshaw Polished Optics".

for 75 years the only perma·
nently satisfactory material

for chemical laboratory table tops, shelving, sinks, splash backs, drain boards
and fume hoods. Prompt delivery. ALBERENE STONE - A DIVISION OF THE GEORGIA

MARBLE COMPANY. For FREE literature and technical assistance address:
THE ALBERMAR COMPANY, 386 PARK AVE. SOUTH, NEW YORK 16, N. Y., DEPT. C.

ALBERENE STONE

CRYSTAL-SOLID STATE DIVISION
THE HARSHAW CHEMICAL COMPANY
1945 E. 97th St. • Cleveland, O. 44106

Phone Area 216 721-8300

HARSHAW I

POLISHED OPTICS I

I
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RECORDING

POLAROGRAPHIC
ANALYZER

o Normal D. C. Polarography

[Z] Controlled (Rapid) D. C. Polarography

[Z] Stripping Analysis Polarography

III A. C. Polarography

The Polarecord E 261-R is the only instrument currently available
which can be applied to the various polarographic methods now
developed because it provides the chart-speeds, voltage scan
speeds, mechanica. systems, and compensation facilities neces­
sary for effective use of these procedures. The equipment illus­
trated is all that is required for Normal, Rapid or Stripping
AnalysIs Polarography-and permits the determination of con·

centrations to 10-9 Molar_ For A. C. Polarography, an auxiliary
power su pply is offered.
Recently, new analytical procedures based on the use of our
exclusive controlled (rapid) forced dropping mercury electrode
have been developed by major U.S. chemical laboratories using
the Polarecord. For complete current technical information and
descriptive literature, please contact:

EDMETROHM
Circle No. 35 on Readers' Service Card

(NEW ADDRESS)

BRINKMANN INSTRUMENTS INC.,

CANTIAGUE ROAD, WESTBURY, L. I., NEW YORK

ST. LOUIS' CH ICAGO • HOUSTON' CLEVELAND
PHILADELPHIA. SAN FRANCISCO
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DRUMMOND

~~MICROCAPS"@

BURRELL (Disposable micro-pipettes)

variable temperature range to 2 SOoof

Another convenient method,
when using pipettes of 20
lambdas capacity or lorger, is
to discard the bulb assembly
and, holding lhe pipette with
the fingers (or a pair of tweez­
ers), fill it by capillary attrcc­
tion. Drop the pipette into a
test tube containing the diluent
and stopper. A short vigarc,us
shaking will wash the conte1ts
of the pipette into the diluent.

I
I

PRICES: Sizes from 1 to 50 lambda inclusive,
$4.50 per vial of 100, including bulb
assembly.

Sizes over 50 to 100 lambdas, $~ .50
per vial of 100.
Quantity discount: less 10% in lots
of 12 vials or more.

The bare in the tubing fmm
which "Microcops" are mode
is so constant that the volume of
a partially filled tube may be
determined by simply caku­
loting the volume per linear mm
by means of an ordinary metric
scale. Example: Suppose a 50
lombda pipette measures 100
mm in length; this means that
each mm in length contains 0.5
lambdas. Therefore, shoJld
you find hat the partial volume
measures 56mm in length, ~'ou

would know that this voiL me
equals 23 lambdas.

Send for samples

While they are of great value in genercl
micro-chemical applications, they are especially
useful in the handling of dangerous material.
No particular skill is needed in order to obtain
accurate results.

"Microcaps" may be used in a number of
different ways. The most popular technique is
as follows, The pipette is inserted through the
rubber cap on the end of the rubber bulb as­
sembly far enough to become visible through

the glass tube. A hole in the
rubber bulb permits free cir·
culation of air, so that ~he

pipette may be filled by capil­
lary altraction. When filled
from end to end, the pipette
con1ains the stated volume.
To discharge: hold finger over
the hole in the bulb and
squeeze. To rinse, repeat the
operation with the diluent.

Microcaps are stocked in the following si"es:
1,2,3,4,5,10, 15, 20, 25, 30, 40, 50, 75 nnd
100 lambda capacity. Special sizes are avail­
able on short notice.

These pipettes consist of short lengths of pre·
cision made capillary gloss tubing, calibrated to
conto!n a definite volume from end to end.
They are accurate to within 1% or less and ore
so low in cost that you can afford to use them
once and discard them.

I
I
I
I
I
I

BURRELL BOX-MUFFLE TYPE
FURNACE, Model 30

Heating chamber 7" wide x 8~" deep
x 4" high. For use with 230 volt, 50-60
cycle, single phase power supply, or
with automatic controller for 115 volt,
50-60 cycle, single phase.

Burrell Cat. No. 37.442 ..... $1600.
F.O.B. Pittsburgh, Pa.

Ask for Bulletin No. 315

BU'RRELL CORPORATION

A versatile laboratory fur­
nace for reliable operation
from the lowest to the high­
est temperatures.

From 6000 F. to 20000 F.,
use for ashing, drawing, ig­
niting and tempering, above
2000° F., for sintering, melt­
ing, clinkering, fusing and
high-speed hardening.

* RAPID HEATING

MINIMUM HEAT LOSS

* AUTOMATIC
TEMPERATURE CONTROL

* SPACIOUS ACCESSIBLE

HEATING CHAMBER

* OPENS FROM FRONT

FOR QUICK SERVICING

LA 80 RATO RY FU RNACE

Scientific Jllstruments and Laboratory Supplies

2223 FIFTH AVENUE, PITTSBURGH 19, PA.
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DRUMMOND SCIENTIFIC CO.
500 Parkway South

BROOMALL, PA.
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•

•

No. 900-3

••

•

No. 2070

Photolneters

•

Designed for the rapid and accurate determina­
tion of thiamin, riboflavin. and other substances
which fluoresce in solution. The sensitivity
and stability are such that it has been found
particularly useful in determining very small
amounts of these substances.

I Klett
i

a
Winner

. THE TEMPETTE
cirCUlates
Per' up to 4 I'mmute ,tres

• obtainabl
C e precision :t: 0.1 0

• uni:ormity:t: 0.1 °c
mamtains t
to 950C emperatures

• fits any bath_b .
Port Or clamp rrdge sup_

• minimum
• I' sPace re .

'ght we' h qUlred
Ig t-onl 3'

PRICE $110. y Y2 lb.

z

_I L
j;====KlETT SCIENTIFIC PRODUCTS===

PHOTOELECTRIC COLORIMETERS. BIO-COLORIMETERS
GLASS ABSORPTION CELLS. COLORIMETER NEPHELOM­
ETERS • GLASS STANDARDS. KLETT REAGENTS

contact your local laboratory equipment dealer or: Klett
•

Manufacturing Co., Inc.

Techne (Princeton) Ltd., 661, Brunswick Pike
Princeton, New Jersey, Area Code 609:921-2817

Circle No. 98 on Readers' Service Card

179 EAST 87TH STREET, NEW YORK, N. Y.
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POTENTIOSTAT~ GALVANOSTAT
for investigating electrochemical reactions

in metals and alloys.
WENKING Potentiostats, which can also be em ploy·
ed as Galvanostats, are already widely used in
numerous U.S. laboratories concerned with electro·
chemical reactions, especially in corrosion research,
interface chemistry and residue isolation. Other ap·
plications include electrolytic polishing, investigation
of plating problems, electro-organic reactions and
fuel'cell electrode characterization.

New modifications and accessories include a
Multi-Channel Potentiostat, a Precision Vacuum Tube
Voltmeter and a Motor Potentiometer for automatic
programming.

For complete descriptive literature, please contact:

BRINKMANN
CANTIAGUE ROAD, WESTBURY; N.Y: 11580
ST, LOUIS. CHICAGO. HOUSTON' CLEVELAND. PHILADELPHIA' SAN FRANCISCO

INSTRUMENTS
Circle NO.7 on Readers' Service Card

Water Shortages Becoming More Critical
Conserve Water in Your Laboratories!

.'. •

-Water
Booster

[

LABORATORY APPARATUS

P"CIS~"'N'S~

Order today from your laboratory supply
dealer or direct from Buchler . ..

or send for Bulfetin A 2-9000
for co,mplete details.

The greatest waste of water in laboratories
is caused by water aspirators. The
BUCHLER WATER BOOSTER was de·
signed to fill the obvious need for an in·
strument which requires only a minimum
supply of water, yet will assure even pres­
sure.
The Buchler Water Booster uses only 10"/0
of the amount of water normally used and

Eliminates the hazards of inadequate or
fluctuating water pressure which can mean
the loss of valuable time and material ...
especially in laboratories where pressure
is low or uneven, on upper floors of tall
buildings, in rural or undeveloped areas.

RAISES and HOLDS the pressure evenly
at 40 psi. Providing two independent
powerful aspirators, it can be installed
wherever electricity is available ... with­
out any plumbing or building alterations.
It is noiseless in operation, providing con·
tinuous duty without maintenance or re­
placement parts.

Complete with overload-protected 1/2
HP, single phase, induction-type motor,
water turbine, stainless-steel water reser­
voir tank, 2 polyethylene water aspirators.
16" long, 10" wide, 23" high. For 110-
115V 60 cycle only $249.00

-
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FROM JOHNS-MANVILLE

Diatomite supports
for gas chromatography

C~~OJH:OSO~:B
J-M PRODUCTS

From the very beginning of gas chro­
matography, J -M products have been
used as support materials. The chro­
matographer can choose from a large
variety of products sold under the
Johns-Manville trademark, Chromo­
sorb®. There are presently two forms
or basic types of Chromosorb-P and
W. Both are available either treated
or untreated in a number of mesh sizes.
The treated products are available as
acid-washed, methyl silicone coated,
HMDS treated and AW-DMCS treated.
The following are brief descriptions of
the various grades.

of Chromosorb. In addition, the labora­
tory serves as the source of infornla­
tion for our continuing series of tech­
nical data bulletins on gas chromatog­
raphy. These new facilities make pos­
sible continued improvements in the
purity and particle size distribution of
the Chromosorb grades to give an even
more consistently uniform product.

LITERATURE AVAILABLE
To keep the chromatographer informed,
Johns-Manville regularly issues tech­
nical bulletins dealing with gas chro­
matography. Should you wish any of
the following bulletins, fill out and mail
in the coupon:

FF-101 Grades and Particle Size
FF-102 Diatomite Aggregates for

Gas Chromatography
FF-103 Deactivation of Chromosorb

P and Chromosorb W
FF-104 Elementary Gas Chroma­

tography
FF-114 AW-DMCS Treated Sup­

ports
Also, please indicate if you wish to be
added to our mailing list.

J-M CHROMOSORB DEALERS
For your convenience, Johns-Manville
has a network of dealers located from
coast to coast, and in major industrial
centers around the world.

CHROMOSORB P: This is a calcined
aggregate, pink in color and relatively
hard. It is generally used as the sup­
port for the separation of hydrocar­
bons or moderately polar compounds.

Latest Chromatogmphic Developments

NEW.. MORE INERT CHROMATOGRAPHIC SUPPORTS

CITY ZONE _

ADDRESS _

COUNTY STATE, _

NAME. _

A CHROMOSORB W 5 per cent
AW-DMCS squalane on both
TREATED supports to sepa-

rate a mixture of
ethanol (A), methy
ethyl ketone (8),
benzene (C), and
cyclohexane (D).

CHROMOSORB W
I ACID WASHED

I: B
II,
I
I

~' C
c

'I D ~Ll'- J,,,,--

JOHNS-MANVILLE~~CELITEDIVISIONL ~== J

AW-DMCS-TREATED CHROMOSORB

Acid-washed dimethyldichlorosil­
ane (AW-DMCS) treated Chromo­
sorb P and Ware now available
from your Chromosorb Dealer. The
DMCS treatment, combined with
acid washing, produces a surface
that will cause far less tailing
when used for separation of polar
compounds. It's dust free so there
is less pressure drop and it's uni­
form to assure greater reliability.
The AW-DMCS is superior in these
respects to the present grades
(acid-washed, HMDS and methyl
silicone treated) in many separa­
tions. As is usually the case, Chro­
mosorb W is more inert than the
P. A compiete discussion of AW­
DMCS treated supports is availa­
ble in ourtechnical bulletin FF-114.

r-------------------------------,
JOHNS-MANVILLE, BOX 325, NEW YORK 16, N. Y.

Please send me the following technical bulletins:

o FF-101 0 FF-102 0 FF-103 0 FF-104 0 FF-114

o Please add me to your permanent Chromosorb mailing list.

METHYL SILICONE COATED Chro­
mosorb P and Chromosorb W: The
methyl silicone coating is another tech­
nique used to reduce surface effects of
the support.

CHROMOSORB W: This material is a
flux calcined aggregate, white in color
and not as hard as Chromosorb P.
Because of its comparatively inert sur­
face, it is frequently used for the sepa­
ration of polar compounds.

ACID WASHED Chromosorb P and
Chromosorb W: The acid washing
treatment is used to reduce the surface
effects of the support.

J-M RESEARCH LABORATORY
Johns-Manville, the largest producer
of supports for gas chromatoi;raphy,
has expanded its efforts in gas chro­
matography. A laboratory, located at
the Johns-Manville Research Center in
Manville, New Jersey, is completely de­
voted to work dealing with chromato­
graphic supports. Recent additions of
both personnel and equipment make an
expanded prog-ram possible. Projects
are under way to improve existing
grades of Chromosorb by various treat­
ments as well as to develop new types

HEXAMETHYLDISILAZANE
(HMDS) treated Chromosorb P and W:
the HMDS treatment is another tech­
nique to reduce surface effects of the
support.
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The CRS-IO is a new, low-cost all-transistorized printing electronic digital
integrator for use with analytical instrumentation - in gas chromatography,
spectrophotometry, amino acid analysis, and other analytical techniques.
The CRS-IO can be connected to any signal of one millivolt full scale or
greater, and it will provide a digital output representing the time integral or
amplitude of the signal.

FEATURES-

• Solid-state circuit modular construction.
• Reduces calculation time 10 to 1, eliminates human errors.
• Accuracy: 0.5% of full scale maximum error in integration conversion.

No errors in counting.

• Simplicity-minimum of operating controls.
• Compatible with all common types of recorders.
• Capable of one peak per second or one measurement per second.
• Remote control is a standard feature.
• 100% overload linearity.
• Compact - measures 17" by 17" by 7" high. Digital printer can be placed

on top of the CRS-IO for operation.

• Adaptable to process as well as laboratory operation.
• Extremely high resolving power for overlapped peaks with slope detector

and memory options.
• Functional options available to meet specific requirements.
• Designed for Automatic Base Line Drift Corrector accessory.
• Integrator: 5 digits standard.
• Input: 1 mv full scale; optional Range Switch allows 5, 10 or 50 mv full

scale.

The author has drawn freely from
his extensive background in mass
spectrometry as well as from the
efforts and ideas of colleagues and
co-workers. You can find possible
ion structures and precursor mole­
cules for each of the prominent ions
in the mass spectrum of an unknown
compound with a further indication
of the general probability of their
occurrence.

by FRED W. McLAFFERTY
Dow Chemical Company

117 pages. Paper bound. Price: $4.75

Newcomers to the field will find
this book indispensable. Experts
will find it a timesaver in interpreti:lg
the spectrum of an unfamiliar com­
pound when information is lacking
on the history of the sample. La­
boratory directors will want copies
for staff members. Why not put this
volume to work for you?

MASS SPECTRAL
CORRELATIONS

This ccmpilation gives the empiri­
cal and structural formulas of ions
that might be found at a particular
mje in a mass spectrum plus an
indication of how each such ion
might have arisen. It contains a
wide variety of compound types.
Some 4,000 mass spectra are refer­
enced.

Compact
Low-Cost

Simple
Accurate

Order from:

Special Issues Sales
American Chemical Society
1155 Sixteenth Street, N. W.
Washington, D. C. 20036
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Installation at Worcester Foundation, Worcester, Mass.

The job that took 600 years 01 experience
The combined years of experience offered by master craftsmen at Macalaster Scientific's Nashua plant - largest glass plant
in the northeast - make possible not only the successful construction of entire pilot plants, as above, but also a complete
line of standard and custom built items from eyedroppers and humming-bird feeders to giant dewars ... from simple
repairs or single fabrications to production runs. For prompt quotations on your glass equipment needs write or phone:

MACALASTER
SCIENTIFIC CORPORATION

243 BROADWAY. CAMBRIDGE 39, MASSACHUSETTS 617 547-6933
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1~ announces the new...

Whirlpool Thermoelectric

IMMERSION COOLER
FOR LABORATORY BATHS

• produces sub-zero temperatures

• eliminates rigid coil connections

• compact, silent

COOLER, IMMERSION, THERMOELECTRIC,
Whirlpool. A Peltier-principle thermal pump for lower­
ing the temperature of laboratory baths. Capable of
producing sub-zero temperatures (to -25°C from 25°C
ambient) in bath volumes up to 4 liters in insulated
vessels. Can be used in larger baths to provide cooling
required to maintain control near ambient temperature.
Operates on a lI5-volt, 50 or 60 cycle a.c. line, on which
the unit draws 165 watts. A slow-flowing source of
cooling water at normal temperature is also required.

CooIi ng Unit. Made in the form of a thick nickel­
plated copper blade, the cooling surface is 6 inches
long X 2%; wide X 1Va inches thick, providing an effective
area of approximately 45 square inches when immersed
to recommended depth. Three-pin receptacle for power
input and tapped hole for horizontal attachment of
5.Yz X %-inch diameter mounting rod are provided in
polypropylene shank. Two Xl-inch o.d. tubulations
emerge from top for connection of tubing for cooling
water input and discharge. Thermoelectric modules
within the outer shell are bonded to a cast bronze heat
sink which is cooled by the passage of tap water. A
thermal cut-off switch attached to the heat sink closes
at 71°C if eooling water is inadvertently shut off (see
Power Supply).

Power Supply. Suitable for unattended, continuous
operation to provide 3-volt, 25-ampere d.c. operating
power. Contains transformer, two silicon diode recti­
fiers, choke for reducing output ripple, fuse, pilot lamp
and thermal cut-off power switch. Heater in thermal
cut-off switch is activated by closure of a bimetal switch
attached to the heat sink inside the cooling unit. Although
bimetal switch in cooling unit reopens when heat sink
temperature drops to 55°C, power will not be restored
until power supply switch is reset manually. Plug on
d.c. power cable connects the power supply to cooling
unit. A.c. input is supplied through a 3-wire cord, with
3-prong plug and adapter.

Cooling Rate. Non-linear; depends upon bath volume
and temperature of heat sink coolant. In test with 3.5
liters of ethylene glycol, with coolant and initial bath
temperature of 24°C, hourly temperatures were recorded
as follows: 14, 4, -3, -8, -12, -14, -16, -17, -18,
-19, -20, -21, -22, -23, -24 degrees Centigrade.

4049. THERMOELECTRIC COOLER, as above
described, complete with d.c. power supply unit .. 250.00

!
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Anonymous Reviewers
A QUESTION SOMETIMES asked by authors is, "Why do some reviewers

prefer to remain anonymous?" One of our readers has again called
our attention to this problem by quoting from Eyring's Presidential
Address made at the 145th ACS National Meeting in New York to the
effect that anonymous reviewers can choose this means to be need­
lessly critical and unfair to an author's research paper.

In the case of this journal, 30% of the reviewers prefer to remain
anonymous. We believe that many authors have the misconception
that the reviewer makes the final decision as to whether his paper
should be published. This, of course, is not the case. The reviewers
help the editor and his staff to arrive at a fair appraisal of the work.
It often happens tha;t of the two reviewers chosen, one is overly critical
and another says only that the paper should be published without
change. The editor here has a choice of consulting a third reviewer,
but he more likely will decide to send the critical and anonymous com­
ments to the author and ask him to defend his research. Ifl in the
editor's opinion, the author's rebuttal is satisfactory, the paper is
accepted and the reviewer overruled. The reviewer is usually made
aware of the decision and sent a copy of the author's rebuttaL In this
give and take, the author is not at a disadvantage, even though the
reviewer prefers to remain anonymous. In most cases we feel that
there are good reasons for the anonymity.

Our reader was concerned that perhaps we had not given sufficient
thought to this problem. We assure him and our authors that we are
constantly concerned with arriving at a fair decision. We believe our
review system is a sound one if the editor is alert to his responsibili­
ties. His is the final decision.
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Metal Chelates in Analytical Chemistry

A Report of the 16th Annual Analytical Symposium

QUINTUS FERNANDO, HENRY FREISER, and EDWARD N. WISE

Department of Chemistry, University of Arizona, Tucson, Ariz.

f> Chelating agents are of great
utility in almost every aspect of the
analysis of metals. Ligands which
form charged metal chelates are
used in titrimetry, as masking agents,
or in separations based on the ion
exchange principle. Ligands which
form uncharged metal chelates are
used as the basis of analytical sepa­
rations such as precipitation, solvent
extraction, and chromatography which
includes gas phase chromatography for
volatile chelates. Since many chelates
are characteristically colored, chelating
agents are sensitive and selective
reagents in colorimetric and spectro­
photometric procedures for metal ions.
An understanding of the factors relat­
ing structure to analytical behavior
makes it possible to design new chelat­
ing agents having more useful charac­
teristics for particular applications.
At the Sixteenth Summer Symposium
held at the University of Arizona,
June 19-21, 1963, various aspects of
the role of metal chelates in analytical
chemistry were discussed.

EDTA AND SIMILAR REAGENTS

ANUMBER OF SPEAKERS stressed the
importance of factors underlying

the design and· proper use of chelating
agents. Charles N. Reilley, of the
University of North Carolina, in his
discussion of the theory of metal titra­
tions with EDTA and similar titrants
pointed out the need to consider the
role of kinetics of chelate formation and
dissociation as well as the equilibrium
aspects of such reactions. Careful
distinction between end point reactions
blocked by unfavorable equilibria and
those blocked by slow kinetics is
important since each responds to dif­
ferent types of treatment. A problem
arising from kinetically blocked end
points can sometimes be solved by
working at increased temperatures,
whereas a thermodynamically un­
favorable system will not be improved
significantly by this means.

Reilley pointed out that despite the
paucity of quantitative kinetic data, a
great deal of insight can be gained from
a consideration of the vast number of
qualitative observations on the rates of

1994 • ANALYTICAL CHEMISTRY

end point reactions in the literature.
A reasonable prediction of the feasibility
of many end point reactions can be
made by considering the nature of the
molecular structure of both the chelating
titrant and the metallochromic indicator.
In direct titrations, where the end point
is reached by the replacement of the
metallochromic indicator coordinated
to the metal ion by the titrant molecule,
the structure of the metallochromic
indicator is of prime importance. The
rate of reaction of the metal-indicator
complex with the titrant becomes
slower as the number of metal coordina­
tion sites in the indicator molecule
decreases. Since reduction in the
number of coordination sites results in
lower stabilities of the metal complexes,
a balance must be struck in the design
of the indicator between these opposing
tendencies. For example, the 0,0­

dihydroxyazonaphthalene indicators are
likely to give sluggish end points when
used with transition metals and small
higWy charged cations and are useful
primarily with divalent nontransition
metal ions. Faster end point reactions
are observed when one of the co­
ordinating hydrOA? groups is replaced
by a heterocyclic nitrogen atom as in
4-(2-pyridylazo)resorcinol (PAR). Still
faster than PAR are the azo-substituted
8-Quinolinol indicators-e.g., 8-hy­
droxy-7-(4 sulfo-l-naphthylazo)-5-quin­
oline sulfonic acid( SNAZOXS). Here,
the lower stabilities of metal-SNAZOXS
complexes resulting from the bidentate
nature of the indicator are sufficiently
offset by the formation of 2: 1 indicator­
metal complexes of higher stability.
The bidentate nature of the chelation
sites of Pyrocatechol Violet certainly
contributes to the remarkable lability of
the metal-indicator complexes and hence
to the rapid end points observed with
this useful indicator.

Variation in the structure of the
indicator not involving the chelation
sites can also significantly influence the
rate of end point reactions. Replace­
ment of a naphthol nucleus in the Erio
R structure which is blocked by nickel
even at elevated temperatures, by a
substituted pyrazolone nucleus forms
Erio Red B which gives excellent end
points with Ni-EDTA titrations at
70° C. Substituents that ~re electron-

withdrawing or that offer steric hin­
drance to chelation also increase lability
as well as reduce stability. Indicator
impurities such as oxidized or reduced
forms of the dye or metal contaminants
are frequently responsible for sluggish
end points.

In discussing the role of the structure
of the titrant on end point reaction rates,
Reilley emphasized the importance of
steric effects. Although 1,2-diamino­
cyclohexane-N,N,N',N'-tetraacetic acid
(DCyTA) reacts more rapidly with
AI(H20hH than EDTA, it gives slug­
gish end points with nickel and copper
indicator complexes. This he attributed
to the hindrance of the rigid cyclic back­
bone structure of DCyTA to the favor­
able orientation for attack of the che­
lated metal indicator complex, but this
is not so critical with the aquated metal
ion where orientation effects are lc.-"S
important. The pH can change the
titrant structure, and for this reason
largely has a direct bearing on the rate
of the end point reaction.

The nature of the metal ion being
titrated also plays a part in the rate of
the end point reaction. In general, the
smaller the ionic radius and the larger
the charge on the metal ion, the more
likely is its end point reaction to be slow.
With transition metals, the situation
becomes more complex; ChrOmiunl
(III) is notorious for its slow substitu­
tion reactions and nickel is generally
slower than copper. With such ions use
of auxiliary complexing agents can
sometimes remedy sluggish end point
reactions. The addition of o-phenan..
throline to the normally blocked Cu-·
Xylenol Orange-EDTA end point re··
suIts in a rapid reversible end point..
This may arise from the formation of
either an intermediate Cu-phenanthro­
line or a mixed complex. The deliberate
addition of 1 to 5% of a foreign metal ion
to a metal ion before chelometric titra­
tion often serves to eliminate a sluggish
end point since in effect the end point
reaction of the sensitizing metal is
substituted for that of the metal being
titrated. Thus with appropriate choice
of sensitizing metal ion, an indicator can
be used for a whole series of metals,
which either give insufficient color
contrast or blocked end points with the
free indicator. Thus nearly every metal



that can be determined by EDTA can
be determined by using Cu-sensitized
1-(2-pyridylazo)-2-naphthol (PAN) as
indicator.

Marked acceleration of end point
reactions of EDTA is often found when
a mixed solvent is used in place of water.
This effect correlates better with a de­
crease in EDTA solubility than with
dielectric constant.

In contrast to direct titrations, the
success of many back-titrations depends
on nonattainment of one or more
equilibria; here the basic problem is the
reduction of the rate at which these
undesirable equilibria are attained.
The back-titration of AI-EDTA with
Cu and SNAZOXS indicator would fail
if Cu, AI, EDTA, and SNAZOXS were
equilibrated since the aluminum would
be largely displaced from the complex by
the more strongly chelated copper,
destroying the stoichiometry of the
titration and blocking the indicator.
A result of this inverse relationship
between direct and back-titrations is
that the opposite of what was said
about direct titrations can often be
applied to back-titrations. DCyTA,
for example, is rather poor as a direct
titrant because of the slowness with
which it undergoes exchange with
metal-indicator complexes, yet is ex­
cellent in back-titrations because of the
sluggishness with which DCyTA che­
lates exchange with indicators.

Finally, Reilley mentioned the useful­
ness of NMR techniques in the study of
the structure, solution equilibria, and
even reaction kinetics of metal chelates.
From such measurements, the acid
dissociation constants and protonation
sites of chelating titrants can often be
determined. Further, by observing the
pH dependency of certain proton
chemical shifts in solutions containing
the ligand and the nonparamagnetic
metal ion, metal chelate formation
constants may be determined. Qualita­
tive information about the kinetics of
chelate reactions can sometimes be
obtained by an analysis of the splitting
patterns or band width changes in NMR
spectra of chelates containing metals
having an appreciable quantity of a
suitable magnetic isotope.

H. Flaschka of the Georgia Institute
of Technology discussed the application
of photometric titration as a means of
increasing the sensitivity of chelometric
titrations. Photometric titrations, in
contrast to pH or other potentiometric
titrations, are linear in that the quantity
measured as the titration proceeds is
directly proportional to the concentra­
tion rather than being logarithmically
related. The shapes of such titration
curves consist of two line segments easily
extrapolated to meet at the end point in­
stead of the sigmoid shape associated
with logarithmic titration curves. The
sharpness of the end point in a log-

arithmic titration is much more de­
pendent on the magnitude of the
equilibrium constant of the titration
reaction than is that of the linear titra­
tion since in the latter the straight line
segments are obtained in the presence of
a large excess of one of the reactants.

Two general types of photometric
indicators may be distinguished by the
general shape obtained in a photometric
titration. First, the step indicator is
one which is added in a very small
amount and changes color at the end
point resulting in a step-shaped titra­
tion curve. Second, the term "slope"
of "self" indicator is applied when any
of the species involved in the titration
absorbs. Titration curves of self­
indicating systems show only one change
of slope which is less abrupt than the
slope changes seen for step indicators.
Self-indicating systems can be used in
place of metallochromic indicators for
nonindicating systems, therebyeliminat­
ing some of the problems mentioned
above associated with these dyes.
Furthermore, greater selectivity can be
achieved with "slope" than with "step"
indicators. For example, when Ca and
Mg are titrated with EDTA using Erio
T in the usual fashion as a step indicator
only the sum of Ca and Mg is obtained.
If, however, the Erio T is added in excess
of the amount of Mg present, then a
slope titration results in which the
magnesium indicator complex acts as a
self-indicator. The titration curve will
be nearly horizontal until all of the Ca
reacts with EDTA. Further addition of
titrant will change the absorbance of
the solution as the Mg-indicator com­
plex reacts with ED:TA. When all the
Mg has reacted, no further color change
occurs and the titration .curve again
becomes horizontal. Thus, the two
slope changes in the titration curve
permit the analysis of Ca and Mg in
each other's presence. Using this ap­
proach, Flaschka was able to develop a
method for the determination of both
Ca and Mg in a single drop of blood
serum. A method for the determination
of Cd and Zn in the presence of one
another in an ammoniacal solution
using Cu as a slope indicator and ethyl­
eneglycol - bis - (B - aminoethylether)­
N,N,N',N'-tetraacetic acid (EGTA)
as titrant was also described. In
ammoniacal medium the order of the
conditional formation constants of
EGTA complexes is Cd > Cu 2:: Zn.
Thus, Cd is titrated first and the slope
changes when either Cu alone or Cu
together with Zn starts to complex.
By this means Cd can be determined in
the presence of several hundredfold
excess of Zn. Using slope titrations, as
many as four metal ions have been
determined in a single solution.

Robert L. Pecsok of the University of
California at Los Angeles discussed the
effects of chelation on electrochemical

behavior and, conversely, the inter­
pretation of such behavior to elucidate
the nature and properties of metal
chelates. The formation constant of
the Cr(II)-EDTA complex was
evaluated for the first time using the
potentiometric technique modified to
obviate the difficulty imposed by the
rapid oxidation of Cr(II). Simulated
titration curves were obtained by pre­
paring mixtures containing the proper
amounts of EDTA, acid, and/or base,
and enough KCI to bring the ionic
strength to O.lM. After thorough de­
aeration of each of these mixtures, the
appropriate amount of Cr(II) was
added. Equilibrium was reached with­
in 30 seconds and the solutions were
stable for at least 30 minutes. The
formation constant for CrY-2 as cal­
culated from the simulated titration
data (log K, = 13.61) showed a tend­
ency to increase with decreasing pH.
This trend necessitated the assumption
of the formation of a protonated species
CrHY- having a pK" of 3.00 similar to
that found for the rest of the divalent
first row transition metal ions. The
constancy of the pK" values could be
explained only by the assumption of a
quinquedentate structure of CrY-2. The
Cry-2 was shown to have a d4 configura­
tion with four unpaired electrons from
magnetic susceptibility measurements.

The polarography of Cry-2 was
studied and a one-electron reversible
anodic wave observed in the pH range
4 to 10. The half-wave potential was
independent of both total Cr and EDTA
concentrations which proved the ab­
sence of polymeric species and the
presence of one EDTA per Cr in both
the oxidized and reduced complexes.
The half-wave potential of the anodic
wave was independent of pH in the
range 4 to 6 (EI/2 = -1.227 volts V8.

SCE) but became more negative with
pH values below 4. This indicates
that the neutral CrY-2 is being oxidized
in the pH range 4 to 6; below pH 4 the
protonated CrHY- is the species
oxidized. The polarographic behavior
in the alkaline region indicates the
presence and participation of hydroxy
complexes. From the value of EI/2 in
the pH range 4 to 6, and the K, of
CrY-2, the value of the formation
constant of CrY- was calculated as log
K, = 23.40.

G. J. Abel, Jr., of the American
Smelting and Refinery Co.'s Central Re­
search Laboratories, in his discussion of
the application of EDTA to the analysis
of nonferrous materials, indicated that
EDTA procedures were used for the
analysis of one or more elements present
in virtually every alloy produced as well
as in the many raw materials and by­
products associated with the nonferrous
industry. He then outlined a number of
procedures which were adapted to suit
these needs.
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Lead is one of the basic elements
which is determined in brass, bronze,
solder, white metals, drosses, and ores
after separation as lead sulfate. Tin,
antimony, and arsenic are removed by
hydrobromic acid-bromine volatiliza­
tion and the precipitated lead sulfate is
separated by filtration. The precipitate
is dissolved in ammonium acetate and
titrated with EDTA at pH 10 after the
addition of tartrate to prevent hydroly­
sis of the lead, and cyanide to mask any
occluded divalent metal ions. Erio­
chrome Black T is used as the indicator
with the addition of magnesium as
indicator ion.

Zinc is determined in brass, bronze,
diecast, slush metal, silver solders, and
by-products by EDTA titration; in
fact, every zinc determination, excepting
low or trace amounts, is performed titri­
metrically with EDTA. The titration
is generally performed at pH 10 after
masking divalent metal ions with
cyanide and demasking zinc with
formaldehyde. Eriochrome Black T is
used as the metal-indicator. Pre­
liminary separation will depend upon
the matrix. A general method of
separation is based on a thiocyanate
e},:traction.

Zinc in aluminum-base alloys may be
separated by passing a solution 0.75M
in hydrochloric acid through a column
of Dowex 1. The adsorbed zinc is
eluted with water and titrated.

Zinc oxide is determined in zinc dust
by masking the metallic zinc by amal­
gamation with mercury. The zinc oxide
is dissolved simultaneously in ammonium
hydroxide-ammonium chloride solution
and titrated as before.

Nickel is determined in its alloys by
EDTA titration after preliminary
separation of the nickel with dimethyl­
glyoxime. The precipitate is separated
by filtration and dissolved in hydro­
chloric acid and hydrogen peroxide to
destroy the dimethylglyoxime. The
solution containing the nickel is titrated
with EDTA at pH 11 using murexide
indicator.

A general procedure for determining
aluminum in all alloys is based on the
removal of interfering elements by
eA-traction with sodium diethyldithio­
carbamate. The sample solution, buf­
fered to pH 5.5 is treated with sodium
diethyldithiocarbamate and the carba­
mates are extracted with chloroform and
discarded. The aqueous layer is treated
with excess EDTA and boiled to destroy
the excess carbamate as well as to
complete the EDTA reaction. The
cooled solution is back-titrated with
standard zinc solution at pH 5.5 using
xylenol orange indicator. Chromium is
the only interference encountered, but
its presence is obvious from the lavender
color of the Cr-EDTA complex. A
rapid method for the determination of
aluminum in zinc-base alloys depends
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upon the displacement of EDTA from
an aluminum-EDTA complex by
fluoride.

Magnesium, one of the earliest ele­
ments determined by EDTA titration,
is determined in aluminum and zinc­
base alloys by titration at pH 10 with
Eriochrome Black T indicator. The
type of separation and masking agents
used depends on the alloy. Zinc-base
alloys are analyzed directly for magne­
sium by masking zinc, copper, nickel,
and ferrous iron with cyanide, and
aluminum with triethanolamine. Titra­
tions of magnesium when aluminum is
present are best conducted rapidly in
cold solutions to prevent blocking of the
indicator by aluminum.

Details of the analysis of fusible alloys
containing bismuth, lead, cadmium,·
indium, and tin which were an analyst's
nightmare before the advent of EDTA
were also described by Abel.

The determination of indium with
EDTA can be performed at pH 3 to 5 or
pH 10 depending on the interfering
elements. Xylenol orange is used as
indicator at pH 3 to 5 and Eriochrome
Black T with magnesium indicator ion
at pH 10. The reaction of indium is
slow near the end point unless the
solution is hot. Indium can be
separated from interferences by extrac­
tion of its bromide complex or its
acetylacetonate.

lVlolybdenum in ores, concentrates,
and leach solutions can be determined
by an indirect EDTA method. The
molybdenum is precipitated as lead
molybdate at pH 4 to 5 and filtered.
The lead molybdate precipitate is dis­
solved in sodium hydroxide and sodium
tartrate, neutralized, and buffered to pH
10. The lead is now titrated with
EDTA using Eriochrome Black T and
magnesium ion as indicator.

NEW CHELATING AGENTS

R. Belcher of the University of
Birmingham, England described a study
of the reactions of p-dimethylamino­
benzalrhodanine with silver in which
over 30 similar compounds have been
synthesized. From the work done so
far, it would appear that the complexing
process is by no means as simple as was
first supposed; moreover, the silver re­
action can take place even though the
imino hydrogen is absent.

The discovery of EDTA as a titrant
led to extensive investigations to find
new indicators. This in turn led to the
further examination of these indicators
as spectrophotometric reagents. For
example, alizarin complexon was found
by Belcher and his coworkers to give a
strong chelate with cerium(III) ions,
which further formed a 1: 1:1 complex
with fluoride. This complex is blue
whereas the Ce(III) complex is red.
This provided the first direct color

reaction for the fluoride ion, and further
interesting studies of this reagent have
been made.

The dyestuff Fast Sulfon Black F was
first studied as an EDTA indicator for
copper. Its highly selective reaction
suggested that it might have useful
properties as a spectrophotometric re­
agent for the determination of copper.
Although there are already a host of
valuable spectrophotometric copper re­
agents, this reagent has some ad­
vantages. In these studies the only
metal whose interference could not be
masked was beryllium. The beryllium

.color still persists in the presence of
cyanide which masks copper satis­
factorily. Accordingly, this provides
a specific colorimetric reaction for
beryllium.

Another reagent which was first
synthesized as an indicator for the
titration of calcium with EDTA was
obtained by diazotizing H-acid. This
compound is very suitable as a spectro­
photometric reagent for the determina­
tion of calcium, and from the tests
carried out so far appears to have
advantages over previously recom­
mended reagents.

The compound 4(2-pyridylazo) re­
sorcinol has been studied by various
investigators as a spectrophotometric
reagent. Conditions have now been
established in which only niobium reacts
specifically in the presence of most other
metals including tantalum.

The compound bromopyrogallol red
is a valuable spectrophotometric reagent
for the determination of niobium and
also silver. It is possible to enhance the
sensitivity of the silver reaction by the
formation of a ternary complex.

In the course of earlier investigations in
the field of o,o-dihydrQ},:yazo compounds
by Harvey Diehl and coworkers at
Iowa State University there was un­
covered. a compound which gives a color
with magnesium but not with calcium.
The magnesium compound proved
fluorescent and provided a basis for both
a fluorometric and a colorimetric method
for magnesium. The tolerance for
calcium in both is exceptionally large.
The various aspects of the system such
as absorption, excitation and fluores­
cence spectra, effect of pH, effect of
excess reagent, effect of alcohol con­
centration in the solvent, have been
investigated and the methods have been
applied successfully to the determina­
tion of magnesium in water, serum,
limestone, iron ore, and cement. The
reaction of various hydroxyazo com­
pounds, prepared during the work, to­
ward beryllium has been investigated
also. The structure of p-nitro­
phenylazoorcinol, rather widely used
for the spectrophotometric determina­
tion by beryllium, has been established
and the nature of the reaction with
beryllium worked out. The unsatis-



factory character of this reagent suggests
several possibilities for synthesizing an
improved reagent.

The usefulness of the vic-dioximes as
selective analytical reagents has been
steadily increasing since the time they
were first proposed for this purpose in
1905 by Tschugaeff. The vic-dioximes
available today are widely used for
separations involving precipitations and
extractions. These reagents are also
extensively used for the gravimetric,
titrimetric, and spectrophotometric de­
termination of various metals. These
reagents are commonly used for the
gravimetric det,ermination of nickel and
palladium. The vic-dioximes have also
been used as the basis for alkalimetric,
oxidimetric, complexometric, ampero­
metric, nonaqueous, and heterometric
methods of analysis. Rhenium, iron,
nickel, cobalt, and copper are among the
metals which can be determined spectro­
photometrically with the vic-dioA'imes.
The isomerization, crystal structure,
nomenclature, and the analytical ap­
plications of the vic-dioximes were dis­
cussed by Charles V. Banks of Iowa
State University.

The chemical, magnetic susceptibility,
infrared, x-ray diffraction, and thermo­
dynamic evidence concerning the struc­
ture of the insoluble metal(ll)-vic­
dioxime coordination compounds were
reviewed. The crystal structures of
these compounds were correlated with
such properties as solubility product
constant, intrinsic solubility, overall
stability constant, and absorption
spectra. The nature and stability of
the soluble coordination complexes
formed between nickel ions and vic-di­
oximes in alkaline media were discussed.
These fundamental studies have been
very beneficial in helping one to decide
how to "tailor-make" new and improved
vic-dioximes for specific analytical
applications.

8-Mercaptoquinoline, a hygroscopic
blue liquid which forms a crystalline
red dihydrate, was introduced first in
1944 by Taylor who stated that it could
not be a useful analytical reagent be­
cause of ready oxidation to the bis-8­
quinolyldisulfide. However, it has been
found by Freiser and coworkers that
with reasonable precautions, the oxida­
tion can be largely eliminated. Not
until recently has 8-mercaptoquinoline
received much attention in analytical
applications.

Since 8-mercaptoquinoline would ap­
pear to have potentialities as useful and
as versatile as 8-quinoIinol, a study of the
formation constants of metal chelates of
8-mercaptoquinoline was undertaken by
the University of Arizona group. Al­
though 8-mercaptoquinoline is signifi­
cantly more acidic than 8-quinolinol, its
chelates are as stable (similar K, values)
and form at lower pH values (higher
proton exchange constants) than do the

8-quinolinol chelates. The analytical
significance of these results was
discussed.

An equilibrium study of another
interesting system was presented by
H. P. Gregor of the Polytechnic
Institute of Brooklyn, who described a
number of the properties of a typical
metal-polyelectrolyte system and their
utility in analytical chemistry. The
polymer employed was 100,000 mol. wt.
poly-N-vinylimidazole (PVI) , a com­
mercially available material having
certain properties analogous to those of
many bio-polymers.

The binding of a metallic cation such
as zinc to this polymer can be measured
most readily by pH titrations, and ther­
modynamic binding constants or dis­
placement constants may be evaluated
by the general procedure of Bjerrum as
adapted to polymeric systems by
Gregor and coworkers. On the as­
sumption that the activity coefficient of
counter ions is determined principally
by the mean activity coefficient of the
supporting electrolyte, it was shown that
thermodynamic formation constants
determined by potentiometric titrations
and by equilibrium dialysis experiments
agreed within experimental error.

This polymer shows a maximum co­
ordination number of four with Zn(ll)
and Cu(ll). Formation constants were
calculated from data obtained in the
presence of a high concentration of
neutral salt and at a high equivalent
ratio of polymer to metal ion. The
successive binding constants for the
zinc-polyvinylimidazole system in­
creased as the number of ligands at­
tached to the metal ions increased.
The stoichiometry of PVI-Zn complexes
was studied by precipitating the polymer
in the presence of different ratios of
polymer to zinc.

The turbidity of Zn-PVI complexes
was studied by light-scattering, and the
turbidity increased as polymer was
added at a constant metal ion con­
centration; at higher polymer con­
centrations the turbidity decreased.
When an excess of metal ion was pres­
ent, it acted as a cross-linking agent
and high molecular weights were ob­
tained, ones which decreased as more
polymer was added to the system with a
resultant shift to intramolecular as op­
posed to intermolecular cross-linking.

The mixed complexes of Cu(n),
PVI, and nitrilotriacetic acid (NTA)
were studied by the technique of
equilibrium dialysis. For this system
the overall formation constant was the
same as that predicted from the
individual constants, within experi­
mental error. The mixed complex con­
tained equimolar amounts of PVI,
Cu(ll), and NTA.

Several analytical applications of
metal-polyelectrolyte complexes were
discussed. The equilibrium dialysis

procedure is simple and should allow one
to compare the relative binding power
of ligands directly. Since a low con­
centration of polymer (lO-iN) forms
quite turbid solutions with many
metals, a simple nephelometric pro­
cedure for their estimation might be
devised. The high specific turbidity of
polyelectrolytes should make these
procedures quite sensitive. The use of
metal polyelectrolytes in solvent extrac­
tion techniques is also an interesting
possibility because by the addition of
hydrophobic side chains one can reduce
the solubility of the polymer in water to
insignificant levels.

CHELATES IN SOLVENT EXTRACTION

The theory of the solvent extraction
of metal chelates was developed in con­
siderable detail by both David Dryssen
of the Royal Institute of Technology, at
Stockholm, and George Schweitzer of
the University of Tennessee. Equations
were developed for the various equilibria
involved, and methods for identifying
the dominant organic and aqueous
species were described. Using these
relationships, various means of con­
trolling extractions were discussed.
Included were rate relations, tempera­
ture effects, effects of the presence of
aqueous complexes, and effects of
alterations in the organic solvent.

A comparison of some extraction
constants or pH50 values with the
constants for the first steps in the
mononuclear hydrolysis of the metal ion
was made. Dryssen noted that as the
extraction constant of a reagent de­
creased, the spread of pH60 values of the
metals increased. Effects of the metal
ion concentration such as polynuclear
hydrolysis, precipitation of the metal
chelate, and radiocolloid formation were
discussed.

The formation of adducts in the
organic phase with the uncharged
extractable metal chelate, MAN, and of
some mixed solvent effects were treated.
Finally, Dryssen discussed the extrac­
tion of mixed chelates and some
practical applications of mixed chelate
extraction.

Chelate extractions with TTA were
reviewed by Oscar Menis of Nuclear
Materials and Equipment Corp. Pa­
rameters, including hydrogen ion con­
centration, solvent, and aqueous en­
vironment were evaluated in terms of
their enhancing, complexing, and/or
kinetic effects. The information was
classified according to these variables to
provide guides in the selection of
specific methods.

Enhancement effects in several
systems were described. A general
term, synergistic effect, has recently
gained wide usage to describe the in­
fluence of two or more factors on the
magnitude of the distribution ratio of a
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metal complex. A comparison was
given of the various mechanisms for
agents which produce a greater com­
bined result, than when acting in­
dividually such as adduct formation,
solvent coordination, and mixed chelate
formation. In addition, the utilization
of the competitive action of complexing
ligands in the aqueous media for
separating groups of metal chelates was
discussed.

Separations of the actinide and rare
earth elements, as well as iron,
aluminum, and copper were presented
under the various aspects mentioned
previously. Thus in the case of thorium,
the utilization of acetate aids in the
extraction of thorium by a mechanism
of adduct formation. It was postulated
that the thorium-TTA-acetate molecule
is the extracted species and served to
enhance the extraction. On the other
hand, in the case of rare earths, Ian.,.
thanum and others, the pH of extraction
is a function of the acetate concentra­
tion, shifting the extraction of these ele.,­
ments to higher pH values in high
acetate solutions. In this manner a
sharp separation of thorium and ele.,­
ments of the rare earth group can be
achieved. The solvent type, whether
polar or nonpolar, plays a role in separa­
tions. This is especially significant
when a polar solvent such as hexone is
used. For example, hexone in the
absence of TTA does not extract
thorium while aluminum is extracted.
Furthermore, the combined effect of
hexoneand TTA is synergistic in that
aluminum can be extracted at pH O.
The extraction of il'on and copper-TTA
from an acetate medium is very rapid.
Similarly, the rate of extraction of
aluminum is much greater from an
acetate medium than it is from a strong
acid medium.

Finally, an example was given of the
simultaneous determination of several
rare earths based on the careful control
of solution parameters.

CHELATES IN OTHER SEPARATION METHODS

Philip W. West of Louisiana State
University discussed the application of
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complexing agents in masking inter­
fering metal ions for the development of
greater selectivity in metal separations
and determinations.

The usefulness of metal chelates in
radiochemical separations was amply
demonstrated by H. L. Finston of
Brookhaven National Laboratory who
discussed in detail procedures in which
chelating agents were applied to the
separations' of radioisotopes. Rapid
solvent extraction procedures necessary
for the isolation and study of short-lived
radionuclides were pointed out. De.,­
contamination factors of greater than
1012 have been obtained in the separa­
tion of uranium from associated fission
products after neutron irradiation, by
extraction with dibenzoylmethane in the
presence of DCyTA.

Since the various fractions for radio­
chemical studies are very pure it is
possible to apply nonspecific methods of
chemical yield determination of the
initially added carrier. Furthermore,
the widespread use of well-type scintilla­
tion counters for liquid samples obviates
gravimetric yield determinations.
EDTA reacts with so many cations that
it is possible to use it as a single reagent
for convenient and extremely rapid
chemical yield determinations in many
different procedures.

Application of a semimicro volumetric
technique .has enabled the determina­
tion of Ba in 30 seconds, the titration
being carried out directly in the counting
tube. R. L. Sievers of Wright-Patter­
son Air Force Base, Ohio, discussed the
use of volatile metal chelates in the
separation and analysis of metals by gas
phase chromatography. Metal chelates
of acetylacetone, trifluoroacetylacetone,
and hexafiuoroacetylacetone were
studied. A number of chelates can be
eluted at column temperatures far below
their boiling points and in most cases
below or near their melting points. A
definite treJ;ld was observed in the
relative ease of elution. Chelates of the
fluorine-containing l3-diketones are
considerably more volatile and can be
eluted at much lower column tempera-

tures than corresponding complexes of
acetylacetone. Column temperatures as
low as 30° C. have been used in separa­
tions of hexafluoroacetylacetonato com­
plexes.

Trifiuoroacetylacetonato chelates of
beryllium(II), aluminum(III) , gallium
(III), indium(III), chromium(III) , iron
(III), copper(II), rhodium(III), zir­
conium(IV), and hafnium(IV) have
been eluted successfully. Separations of
several mixtures of these complexes have
been achieved. Examples are the
separations of the aluminum(III),
gallium(III), and indium(III), and the
aluminum(III), chromium(III), rho­
dium(III), and zirconium(IV) com­
plexes.

The gas chromatographic approach is
well suited for trace metal analysis in
addition to conventional analysis. The
fluorine.,-containing chelates are sus­
ceptible to detection with higWy sensi­
tive electron capture detectors. Recent
studies have shown that quantities of
halogen-containing organic compounds
on the order of 10-12 gram can be de­
tected by electron capture. This
emphasized the extraordinary potential
of the technique in trace analysis. Gas
chromatography was used to separate
cis and trans isomers and optical isomers
of metal chelates. Optical isomers were
separated on columns which contained
optically active stationary phases.

J. Coleman of Harvard Medical
School discussed his work with B.
Vallee on the inhibition of metallo­
enzymes by chelating agents. Metallo­
enzymes are proteins which contain
metal atoms firmly bound to the protein.
When isolated in completely purified
form, the ratios of metal to protein
and activity to protein become con­
stant and the ratio of moles of metal per
mole of enzyme becomes an integral
number. The role of the metal was de.,­
scribed as that of a reactive group of the
enzyme molecule involved in activity
which is lost when the metal atom is
either removed or interacts with
chelating agents to form a mixed
complex.
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The molecules which escape through the
column without ever being adsorbed on
those sites are not allowed for in Equa­
tion 2. These molecules appear as a
narrow pulse at time t. = 0 and the
ideal profile contributed by them, anal­
ogous to Equation 2, is

where t. is the (variable) time spent
adsorbed on the tail-producing site,
and is thus the time measured from the
appearance of a normal peak-i.e., a
peak undisturbed by slow adsorption.
An inert peak (the "air" peak in gas
chromatography) requires a fixed time,
tm , to migrate through the column.
The quantity I, (X) is a Bessel function
of imaginary argument.

Equation 1 is more conveniently
written in terms of the reduced time
variable, y, where y = t.ltm • The di­
mensionless parameters, a, and ll2, are
equal to katm and kdtm, respectively.
With this change of terms and variables
Equation 1 becomes

it is too difficult to apply in rigorous
form, particularly when a more attrac­
tive alternative exists. As shown by
Keller and Giddings (10), the fast ex­
change reaction (as on the first or
"normal" type of site) leads to an ef­
fective diffusion process whose spreading
influence can be readily calculated.
This is superimposed on the effect of the
slow exchange process on the tail-pro­
ducing site. The latter must be cal­
culated by rigorous theory.

It will be assumed that the first-order
adsorption and desorption rate con­
stants on the tail-producing site are k a

and kd , respectively. Thus l/ka will
be the mean time required for a molecule
to adsorb on this type of site and l/kd

will be the mean time required for a
molecule, once adsorbed, to detach
itself. It will further be assumed that
all of the solute is in the mobile phase as
migration begins.

Elution Development. It has been
shown (7) that the elution profile cor­
responding to the above assumptions is

(
kakdtm) 1/2PO.) = -t.- e-katm-kdt.

1, (v'4kakdtmt.) (1)

(3)P'(y) = e-a, li(y)

passed over. Desorption would thus
occur into the trailing part of the zone
and the resulting buildup of concentra­
tion would appear as a tailing phe­
nomenon. We may call this kind of site
a "tail-producing site."

Keller and Giddings (10) have cal­
culated concentration profiles for zones
which are influenced by a slow, revers­
ible chemical reaction between chro­
matographic migrants. Such a reac­
tion may occur between isomers, etc.,
as migration proceeds. The resulting
profiles frequently show tailing (as well
as "fronting"). It was thus demon­
strated that tailing may have a kinetic
origin even in the presence of a linear
isotherm.

A qualitative discussion of tailing in
capillary gas liquid chromatography has
been given by Golay (8). The assumed
mechanism is the absorption and hold­
up of solute molecules in excess droplets
of liquid. This concept is apparently
the same as that proposed by Giddings
and Eyring, except that the slowness of
desorption is caused by an excessive
diffusion distance rather than by a high­
energy adsorption site.

Another source of tailing in the linear
range is the presence of excess dead
volume in the system, usually in the in­
jection or detection units. The ex­
planation is much like the others given
above: A quantity of solute can be
shunted into dead pockets, where a
sufficient time elapses before it escapes
to cause tailing. Johnson and Stross
(9) have shown tailing profiles which
originate with a large detector volume
within which perfect mixing is assumed.

No other mechanism in the linear
range has been postulated which would
give a significant degree of tailing [a
normal elution profile will always show
a slight positive skew (7), but for nar­
row zones this is not significant]. In
the nonlinear range, of no direct inter­
est here, a number of mechanisms for
tailing have been proposed. These in­
clude the effect of. the adsorption iso­
therm, volume changes caused by sorp­
tion (1), and temperature changes
caused by sorption (6,12).

THEORY

The theory given here will implement
the original suggestion by Giddings and
Eyring. Although a two-site theory
has been extensively developed (5,7,11),

T AILING in chromatography may
appear as anything from a slight

zone asymmetry up to a severe zone
distortion with a considerable mass of
material stringing out behind the bulk
of the zone. Most zones are at least
slightly affected by this phenomenon.
The harmful effects of tailing are in
rough proportion to the excess spreading
of the zone rearward, a spreading which
can overlap or mask other zones.

Tailing is usually blamed on a non­
linear adsorption isotherm. This is
rather natural, because the earliest
theories of chromatography (3, 13),
showed that nonlinear adsorption iso­
therms were sources of very high asym­
metry. Recent work with ultrasensitive
detectors in gas chromatography has.
shown, however, that tailing often exists
when solute concentrations are well
below the point where a noticeable de­
parture from linearity occurs. It is thus
necessary to explain certain occurrences
of tailing in terms of a linear picture of
chromatography.

The first explanation for tailing in the
presence of linear sorption was appar­
ently given by Giddings and Eyring in
1955 (7). A kinetic mechanism, in
which adsorption occurs on two types
of sites, was postulated. It was as­
sumed that the second type of site, with
a high adsorption energy, was relatively
scarce. Molecules would not often be
"captured" by such a site, but when
adsorption did occur the molecules
would be held for a considerable time.
When desorption finally occurred, the
bulk of the zone would already have

~ Tailing may be assumed to originate
as a kinetic phenomenon when the
sorption isotherm is linear. The various
mechanisms for this are discussed.
Equations are then presented for an
idealized model for tailing, flrst pro­
posed by Giddings and Eyring in
1955. Concentration proflles are ob­
tained and plotted for both elution
and nonelution chromatography. Tail­
ing may originate when a sorption site
exists which holds molecules for a time
equal to that necessary for one quarter
of the zone to pass by. In gas liquid
chromatography this is equivalent to
having a small percentage of the
stationary liquid in pores with seven to
eight times the normal diffusion dis­
tance.
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where the delta function, a(y), signifies
an infinitely thin pulse at y = O. The
addition of Equations 2 and 3 yields a
concentration profile normalized to unit
area. This undisturbed profile must
now be modified to allow for the effec­
tive diffusion processes of the column.
This is a simple matter for that part of
the concentration profile found in
Equation 3, since a Gaussian profile is
found immediately. A numerical pro­
cedure must be used for P(y). The
Schmidt method (2) has been used for
this purpose here. The degree of ef­
fective diffusion which will occur will be
related to the number, N, of theoretical
plates in the column (excluding the
effects of second-site adsorption). This
is discussed below.

t. is the time measured from the ap­
pearance of the center of the undis­
turbed chromatographic peak. This
peak will, however, require a time t (the
elution time) after injection to make its
appearance. Thus our coordinate sys­
tems using t. or y have their origins a
time t after injection.

The effective diffusion of solute is
related to both t and the number, N, of
plates in the column. Thus the stand­
ard deviation, T, on the time scale
(which may be used as the parameter­
characterizing diffusion) is given by T

= tlYN = (t"./YN) (tit",). The
ratio t"it is simply the R value (zone
velocity over carrier velocity) for the
undisturbed component peak. Thus T

= t".IRYN. The standard deviation,
CTu, along the y axis is given by CTu =
Tit",. Thus

tTu = l/Rv'N (4)

Thus if one chooses reasonable values
for R and N, the diffusion parameter,
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CTU' is determined and the calculations
can be made accordingly.

Nonelution Chromatography. The
nonelution or on-column zone profile
resulting from slow second-site kinetics
is given by the sum of the following
equations (to).

p.(x) = b exp[ -a(l - x) - bx]

I,v'4abx(1 - x) (5)

P6(x) = [abx/(l - X)]1JI

exp[ -a(l - x) - bx] IIv'4abx(l ..;.. x) (6)

P.<x) = e-b 8(1) (7)

where x is the fraction of the total time, t,
spent unattached to the second site and
thus 1 - x is the fraction of time spent
adsorbed on thj.s type of site. Since the
molecule is migrating normally when
unattached, x may be thought of as a
reduced distance coordinate represent­
ing the distance traveled relative to
that of the undisturbed zone. The
zone profile calculated from these equa­
tions will, then, simply represent the
distribution of component along the
column length, x = 0 and 1 being the
initial and final positions of the undis­
turbed zone, respectively.

The kinetic parameters of Equations
5, 6, and 7 are a = kdt and b = kaRt (the
R appears in the last expression be­
cause only the fraction R of unattached
molecules is free to react, the rest being
adsorbed on the normal sites). Both
10 and II are Bessel functions.

The effective diffusion processes of
the column, to be superimposed on the
profile discussed above, is once llolZain
related to the number of plates generated
in migrating to the final position a dis­
tance L along the column. The stand-

ard deviation, CT, developed by an un­
disturbed zone, is given by LlyN in
this case. The standard deviation in x,
CT:t, is modified to CTIL because of the
change in scale factor. Thus

(8)

Once N is fixed at a reasonable value,
the extent of diffusion can be calculated
in accordance with the U:t obtained.

RESULTS

Calculations have been made which
indicate the degree of tailing caused by
slow sorption-desorption processes. The
computed profiles are shown in Figures
1 to 6.

Elution Chromatography. Figures
1 to 4 pertain to elution chromatog­
raphy. Different kinetic parameters,
at and ~, are used in the calculations,
but the columns from which these pro­
files might be expected are otherwise
assumed to be identical. Except for the
disturbance which leads to tailing, each
column is assumed to have a thousand
plates, N = 1000, and the R value is
assumed to be 0.1. A change in these
values would alter the details of the
profiles but the main features would be
unchanged.

Each figure consists of three curves.
The curve with the sharp discontinuity
at y = 0 is that calculated from Equa­
tion 2 for those molecules which are
captured at least once by the second
kind of site. The dotted line is the
profile obtained from this through a dif­
fusion process corresponding to 1000
plates (Equation 4). The heavy line is
the final profile, a sum of the dotted
line and the Gaussian resulting from the
diffusion of the spike in Equation 3.

The zero on the y scale corresponds to
the emergence of the undisturbed peak.
Since y is a measure of time in units of
the dead time, t"" and since R = 0.1,
the initial injection occurs at y = -10
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for all these cases. This fact gives some
perspective to the type of chromato­
graph this column would yield.

Figure 1 shows a. very significant de­
gree of tailing. This profile is calculated
with at = Il2 = L These parameters,
interpreted simply, mean that 63% of
the molecules become attached at least
once to the tail-producing site and that
37% of the molecules pass through the
column without attachment. A mole­
cule, once attached, requires a mean
time t". for desorption. It is this
slowness of desorption which produces
tailing, for in the time a molecule re­
mains attached to this site an inert
peak passes through the entire column
length. This explains why the tail in
Figure 1 is spread out over several y
units, each y unit being the passage
time of the inert peak. In this same
time of attachment the bulk of the com­
ponent zone tnigrates through 1/'0
(since R = 0.1) of the column length.
Since at its widest point (just before
elution) the zone width, 40-, is only l/S
of the column length, a molecule lost to
a tail-producing site from the center of
the zone will not ordinarily emerge
again until the zone is well past. It is
molecules of this sort which form a tail
by desorbing to the rear of the zone.

Figure 2 is sitnilar to Figure 1. The
only difference is that al has been
changed from 1 to 1/2. This means that
more molecules (61% instead of 37%)
migrate through the column without
being disturbed by the tail-producing
sites. The concentration in the tail
(controlled by at) is thus less, but its
length (controlled by a2) is just as great.

In Figure 3 Il2 has been increased from
1 to vw: This increase in desorption
rate reduces the length of the tail.
The tailing is still noticeable, however.
The value VIO was chosen for Il2 in
order to make k d equal 1/T, where T is
the standard deviation of the undis­
turbed peak in time units just before its

elution. The fact that kaequals 1/T can
be shown by writing kd = a,/t". =

VIO/t"., and 1/T = RVN/t... =

VIO/t".. If a different column with
some other N is chosen, we would expect
a similar profile as long as ka = I/T, an
equality that can be arranged by letting
a2 = RVN.

Figure 4 shows a profile in which a2
has been increased to 4Y1O--i.e., ka =
4/r. Very little tailing is evident.
This was anticipated, since a molecule
held up by a tenacious site for the time
l/ka, or T/4, desorbs again before a
very large fraction of the zone has gone
by. Figures 3 and 4 taken together
show that as a rough rule tailing is not a
major concern unless ka ~ 1/T or az ~

'VN/R.
Magnitude of Rate Constant for

Tail-Producing Sites. Throughout
this paper we have emphasized the
wide difference existing between tail­
producing sites and normal sites. It is
worth calculating the extent of that dif­
ference in at least one limiting case.

If zone spreading in the undisturbed
zone is controlled by adsorption and
desorption on the normal sites (rather
than by longitudinal diffusion, etc.), the
column plate height is (4)

H = 2R(1 - R)v/k~ (9)

where v is the mean velocity of the
mobile phase and k~ is the rate con­
stant for desorption from the normal
site. Since a2 = kat"" the ratio of
k~ to ka is ,

k~/ka = 2R(1 - R)N/a2 (10)

where N has been used in place of L/H.
The critical value of 1l2, from above, is
RVN, which combined with Equation
10- gives

k~/ka = 2(1 - R)VN (11)

Thus for the parameters used in this
paper, N = 1000 and R = 0.1, the tail­
producing site must have a desorption
rate some 58 times slower than normal
in order to be significant. If factors
other than adsorption-desorption rates
control the plate height, the discrepancy
would need to be even greater.

Application to Gas Liquid Chroma­
tography. Some degree of tailing is
encountered in most applications of
gas liquid chromatography in spite of
the fact that ultrasensitive ionization
detectors have led to an ever-decreasing
sample size. Assuming that this tailing
may often have a kinetic origin, we can
postulate two mechanisms which may
be responsible. First a few active sites
on the solid support may lead to tailing.
All active adsorption sites, it should be
emphasized, will not lead to tailing
under linear conditions, but only those
which succeed in retarding solute for a
time comparable to T, as discussed
above.

The second mechanism for tailing
may originate in liquid diffusion. The
units of liquid which cause retention are
distributed in a complex geometrical
way, presumably with a wide variation in
physical dimensions. Any unit of
liquid held in, say, a long narrow pore
will equilibrate slowly with external
solute because of the large effective
diffusion distance, d. The equilibra­
tion time increases with d 2 and thus the
effective desorption constant, kd, is pro­
portional to l/d2• (Even though de­
sorption is no longer a single-step proc­
ess, the essential nature of desorption
is little changed.) Thus if one is look­
ing for a pool of liquid which will pro­
duce tailing, and which must therefore
have a ka value 58 or so times smaller
than average, one finds that the effec­
tive diffusion distance must be seven to
eight times the normal distance. The
relative amount of stationary phase
which must be tied up in these abnor-
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VN. For the parameters used above
this is O.035-i.e.,1 3.5% of the liquid
should be found in large units. This
requirement could.' probably be relaxed
somewhat, since tailing would undoubt­
edly be discernable if al were several
times less than the value used in Figure
3. Probably 1 to 2% liquid would
suffice. The nature of such liquid­
whether it occurs in elongated pores,
caverns with restricted entry, or large
units formed from small ones running
together-is highly uncertain at this
point.

Nonelution Chromatography. Fig­
ures 5 and 6 show concentration
profiles fornonelution chromatog­
raphy. Once again a column is
assumed whichgenerates 1000 plates and
the R value is 0.1. Figure 5 is plotted
with the parameters a = 1 and b = 1.
The tailing is more prominent than in
Figure 5 where the sorption rate is cut
in half, b = 1/2, and a remains at unity.
The gross features of these profiles are
very similar to those for elution. Also
in common with the elution case, the
tail will hold up longer when the desorp­
tion rate parameter, a, is small, and con­
tain more material when the sorption
rate parameter, b, is large. The only
significant difference between elution
and nonelution cases lies in the termina­
tion of the tail; the elution tail dimin­
ishes gradually to zero, while the non­
elution tail (for the parameters used here)
is cut off rather sharply at the origin
of migration. In paper chromatog-
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raphy a very weak spot may be left at
the origin. This is presumably due to
adsorption taking place before develop­
ment is started, a case not covered in the
equations given here.

CONCLUSIONS

Tailing can originate as a kinetic effect
even with a linear isotherm. It is not
clear how often this occurs. One of the
objects of the present work is to define
the nature of the kinetic effect so that it
can be more readily identified in experi­
mental work. Two main points dis­
tinguish the kinetic effect from other
effects, particularly nonlinear ones:

Nonlinear tailing will decrease as the
sample size is lowered, whereas kinetic
tailing .will be little. affected by such
changes.

Kinetic tailing will be especially prom­
inent at high velocities. If one takes
two zones of equal width at half height,
one at a selected high velocity where
rate effects dominate and another at a
low velocity where longitudinal diffusion
effects are of equal magnitude, the high­
velocity zone will show more tailing.
Nonlinear tailing will show little dif­
ference.
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Fluorine-Containing Polymers as Solid Supports in
Gas Chromatography
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Table I. Fluorine-Containing
Polymer Supports

1.3
10.9

Surface
area,

m 2/g. a

2.2

what rod-like, irregular, do not easily
aggregate, and have only a slight ten~­

ency to develop troublesome statIC
charges during handling.

Full-range Teflon-6 powder, obtained
from the Plastics Department, E. 1.
du Pont de Nemours & Co., Wilming­
ton, Del., was used as received. Sized
Teflon-6 (40 to 60 mesh) was obta~ed
by carefully sieving full-range matenal,
as described below. Teflon-6 is com­
posed of fragile aggregates that tend to
develop static charges easily. This
polymer contains a. significa!lt num~er
of minute pores which contnbute to Its
relatively high surface area.

The chlorofluorocarbon used in this
study was a 50- to 80-mesh fraction sized
from type 3081 Kel-F gra~ular moldi.ng
powder, obtained ~rom Mmnesota ~m­
ing & Manufactunng Co., Jersey CIty,
N. J. The fairly uniform Kel-F par­
ticles appear to be aggregates of s~aller
units. The granules are phySIcally
rather hard, and do not tend to aggre­
gate easily. This material can be
handled similarly to diatomaceous earth
supports during sizing and column
preparation.

Columns. The columns used were
U-shaped, 1/4-inch o.d., 3/lI,inch i.d.
stainless steel tubing, 1 meter long.
Kel-F and Fluoropak-80 were coated
using standard solvent evaporation
procedures. Dichloromethane was used
as a solvent for squalane and Carbowax
400 and hot methanol for diglycerol.
Th~ solvents were removed by careful
heating on a steam bath, with gentle
mixing, until the mixtures were dry.
Columns of these supports were packed
with vibration. The amount of liquid

Type
Kel-F

Designation
3081 Powder,

full-range
Fluoropak-80 Full-range
Teflon-6 Lot #80185,

full-range
Sized Teflon-6 40-60 mesh 10.5

a Nitrogen flow technique (14);. a
sample of Teflon-6 carefully charactenzed
by conventional B.E.T. measurements was
used as a standard. The surface area of
another sample of Teflon-6 has been
reported as 11.7 m2/g. (8).

results obtained during the study re­
ported herein. No details of the prep­
aration of porous Teflon columns were
given. More recently, Landault and
Guiochon (12) have also described some
of the gas chromatographic characteris­
tics of Teflon-6; details of column prep­
aration were included.

In this paper, an attempt is made to
compare critically the gas chromato­
graphic characteristics of the major
types of fluorocarbon and chloro­
fluorocarbon supports that have been
previously mentioned in the literature.
Particular emphasis is placed on the
experimental techniques necessary to
obtain optimum performance from each
of these materials. Factors investigated
during this work include types of
support, effect of amount of liquid phase
on column efficiency and specific re­
tention volumes, effects of flow rate and
temperature, type of liquid phase, and
type and amount of sample. An at­
tempt is made to explain some of the
unusual nonlinear specific retention
volume phenomena often associated
with the use of fluorine-containing
polymer supports.

EXPERIMENTAL

Apparatus. An F & M Scien-
tific Corp. Model 300 gas chroma­
tograph was employed for all· meas­
urements. Helium carrier gas was
purified by passage through a type
5A Molecular Sieve trap.

Liquid Phases. Squalane, Carbo­
wax 400 and diglycerol were selected
as liquid phases to represent a range
of types. Squalane is a nonpolar
liquid, Carbowax is of intermediate
polarity, and diglycerol is a highly
polar material.

Test Sample. The test mixture
used throughout this study was com­
posed of acetone (13.6% by weight);
ethyl acetate (30.9%), water (22.9%)
and n-butanol (32.6%). These solutes
illustrate a variety of polar types.
Unless otherwise indicated, 1 Ill. of the
test mixture was injected into the
chromatograph with a to-ill. Hamilton
microsyringe.

Supports. The supports studied
during this work are listed in Table 1.

Fluoropak-80 was obtained from The
Fluorocarbon Co., Fullerton, CaliL
This granular type fluorocarbon resin·
has a sponge-like structure of relatively
low surface area. Particles are some-

~ Certain fluorine-containing polymers
have been critically evaluated as solid
supports for gas chromatography.
The effects of flow rate, temperature,
sample size, type of polymer, and
both kind and concentration of liquid
phase were studied to establish condi­
tions for optimum separations. Col­
umns with fluorine-containing polymer
supports can be made almost as effi­
cient as typicol diatomaceous earth
columns. 1m addition, superior peak
symmetry can often be obtained for
highly polar compounds by using
fluorocarbon and chlorofluorocarbon
supports. Columns made with fluorine­
containing polymer supports often
show nonlinear specific retention vol­
ume vs. per cent liquid substrate plots.
This phenomenon can be explained by
the spreading behavior of substrate
liquid on the support. Differences in
spreading are only encountered when
the surface energy of the liquid is
higher than that of the surface.

WHEN ANALYZING AQUEOUS SAMPLES

or other highly polar materials
by gas chromatography, it is often
advantageous to use fluorine-containing
polymers for the column support (1-4, 6,
17). Columns made with these ma­
terials generally produce symmetrical
chromatographic peaks for highly polar
compounds, whereas tailing peaks often
occur if diatomaceous earth supports
are used. While various applications of
fluorocarbon and chlorofluorocarbon
supports have been mentioned in the
literature, no critical study of these
materials as gas chromatographic sup­
ports has been reported. There has
also been considerable discrepancy in
the literature regarding the general
utility of various types of fluorocarbons
(4, 17), and often essential technique
details have not been included.

After this investigation was concluded,
evaluation of a porous Teflon was re­
ported by Staszewski and Janak (16).
Some of the physical characteristics
ascribed to this support are strikingly
different from that of Teflon-6 (E. 1.
du Pont de Nemours & Co., registered
trademark for TFE fluorocarbon resin),
said to be the source material; however,
some of the conclusions regarding the
use of this support agree with certain
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ACETONE

Figure 1. Separation
of test mixture with
various liquid phases

Support: full-ronge Teflon-6
Corrier flow: 50 cc./min.

and the amount of liquid substrate,
excepting certain adsorption effects at
very low loadings (7, 15). This implies
that the substrate in a heavily loaded
column is just as effective, per unit
weight of liquid, as is that on a lightly
loaded column. This also suggests
that the physical distribution of the
liquid substrate is the same on a heavily
loaded support as on a lightly loaded
one. The situation is somewhat
analogous to putting a few drops of
water on a clean glass plate vs. putting a
considerable number of drops on the
glass. As long as there is room enough
for each drop to spread to its maximum
extent, the amount of liquid surface
presented by each unit volume of
water is the same, and does not depend
upon how much of the glass was covered
with water droplets.

Now consider what happens if most
of the glass plate is covered with a wax
film, but a few clean glass spots are left
uncovered. If a few drops of water are
put on the clean glass areas, they will
still spread out and behave as they did
on the completely clean glass plate.
If more water drops are put on the glass
than can be held on the few clean spots,
however, the remainder must sit on the
wax-covered areas. These drops will
not spread out to give a high ratio of
liquid surface per volume as before, but
will sit as little balls on the waxed
surface.

If, instead of water, drops of hexane
are used, spreading on either the cleaned
or waxed portions of the glass plate
would be good in all areas.

This hypothetical experiment dem­
onstrates an important difference in
the spreading behavior of liquids on
high energy vs. low energy surfaces.
The clean glass represents a surface of

20% DIGLYCEROL
COLU MN -100°C

ACETONE +
ETHYL ACETATE

15 18

20% CARBOWAX 400
COLUMN-75°C

ETHYL ACETATE

ACETONE
ETHYL

ACETATE

20% SQUALANE
COLUMN-35°C

WATER

would result in very poor column per­
formance. However, Kieselbach of Du
Pont has recently prepared a column
with Teflon-6 support according to the
techniques described in this paper, and
has obtained a symmetrical peak for air
using high speed equipment and special­
ized techniques which he has developed
for this purpose (11). This, together
with the data presented herein, indicates
that properly prepared columns with
Teflon-6 supports are not subject to
serious channeling.

Technique. All data were obtained
with the mixture of the solutes, unless
otherwise noted. Retention times re­
ported were reproducible to about 2%
or better in most cases. Specific re­
tention volumes were corrected for
column "dead" space, temperature,
and column pressure drop, and are
reported as corrected retention volume
cubic centimeters per gram of coated
support.

RESULTS AND DISCUSSION

. Effect of Amount and Type of
Liquid Phase on Retention Volume.
To study the effect of fluorine-con­
taining column supports on specific
retention volumes, a series of columns
was prepared with varying amounts of
each of the three liquid substrates.
Figure 1 shows chromatograms of the
test sample mixtures separated on
columns made with full-range Teflon-6
support. As illustrated, the elution
order of the test solutes is drastically
dependent on the partitioning liquid.
Water is eluted first when squalane is
used as a substrate, and last with
diglycerol. Carbowax 400 separates the
various components in the order of
boiling points.

Data obtained on gas chromato­
graphic columns with diatomaceous
earth supports show a linear relation­
ship between specific retention volume

substrates on the support was within
1%, relative to the indicated values.

The fragile nature of Teflon-6 type
supports requires that special tech­
niques be used to prepare satisfactory
column packing. Teflon-6 powder, as
received, is sometimes quite lumpy and
unsuited for column preparation. This
difJiculty is overcome by placing the
material in a rou,nd ice cream-type
cardboard container, ehilling the con­
tents to about 0° G., and vigorously
shaking. This treatment generally puts
the powder in a free flowing, non­
aggregated state. Teflon-6 can be
screened satisfactorily by first chilling
to 0° C.; temperatures lower than this
should usually be avoided, since pickup
of water is sometimes excessive.

The recommended procedure for
packing columns with Teflon-6 type
support is as follows.. Dissolve the
liquid phase in a highly volatile solvent
such as acetone, ether, or dichloro­
methane, and add the solution to the
support contained in a shallow evapo­
rating dish. Remove the solvent care­
fully without the use of heat. A satis­
factory technique is to continuously
turn over portions of the mixture gently

" with a spatula while a stream of dry
nitrogen is rapidly flowing across the
dish. Evaporation of the solvent must
be carried out slowly. The evaporative
cooling of the volatile solvent should
maintain the desired temperature. If
this coating operation is not properly
carried out, rod-like aggregate particles
sometimes are formed. If the coated
packing appears lumpy, it should be
carefully screened after chilling.

To prepare the chromatographic
column, cool the packing to about 0° C.
Close the lower end of the eolumn tubing
with a small plug of glass wool. Slowly
add the chilled packing material through
a glass funnel, while vibrating the
column by holding it on the half­
flattened shaft of a stirring motor.
The vibration action is sufficient to
ensure a homogeneous packing if the
packing material is kept (Jool during the
filling process. Additional tapping of
the column is usually undesirable, since
the packing may tend to aggregate into
"plugs" which may channt;l the flow of
gas. After completely filling the column
in this manner, close the open end with
a small glass wool plug. A I-meter
column of 20% liquid on Teflon-6
should contain approximately 11 to 12
grams of packing. Such a column re­
quires an input pressure of 4 p.sj.
helium to produce a flow rate of 50 to
60 cc. per minute at column outlet.
All columns were conditioned at the
operating temperature, with carrier
gas flowing; for several hours before use.

The improved handling' characteris­
tics of cooled Teflon-6 packing should
be emphasized. Presumably, the reason
for this is that Teflon has a transition
point at about :1.90 C. The lower tem­
perature state is significantly harder
and has much less tendency to ag­
gregate.

Because Teflon-6 is a spongy, fragile
material, it was initially :feared that
columns made with this support might
have serious channeling problems, which
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Figure 4. Effect of amount of liquid
phase on specific retention volumes

the liquid and the support. (This is
analogous to the waxed glass plate
experiment with the Kel-F representing
the waxed glass surface and diglycerol
representing the water droplets.) The
liquid deposited on this surface ap­
parently has a lower partitioning coef­
ficient than the liquid which was
initially deposited at the sites of higher
energy. Thus, the nonlinear portion of
the specific retention volume curve
shown in Figure 3 can probably be
ascribed to the selective adsorption of
most of the high surface energy di­
glycerol on the high energy sites of the
support, so that at about 2% loading,
these sites have been essentially covered.
Since the remainder of the surface has
an energy lower than that of diglycerol,
additional liquid deposits homo­
geneously as nonspreading droplets, re­
sulting in a surface which produces a
linearly increasing specific retention
volume as the amount of liquid is
increased.

Differences in spreading due to sur­
face energy effects are further magnified
when Teflon is used as a support.
Since the surface energy of this material
is about 19 dynes per sq. cm., compared
with about 31 dynes per sq. cm. for
that of Kel-F (18), very few commonly
used chromatographic substrates have a
surface energy which is low enough to
spread on Teflon. Materials such as
squalane and Carbowax 400 might have
a surface energy which would cor­
respond to point B on the curve in
Figure 2. As indicated on the plot,
however, there are a considerable
number of sites of high surface energy
which are easily wetted by these sub­
strates of lower energy. The films that
have spread on these higher energy sites
have a relatively high partitioning
coefficient because of the high surface­
to-volume ratio of the liquid. Since the
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portionate change in specific retention
volume with increase in the amount of
liquid phase. The spreading behavior
of high surface energy liquids on low
energy surfaces can be used to explain
these phenomena.

Diglycerol, which has a very high
surface energy, characterized by point
A on the curve in Figure 2, shows a
specific retention volume pattern on
fluorine-containing polymer supports
which is considerably different from that
found for liquid substrates of lower
surface energy. As can be seen by the
diglycerol plot in Figure 3, the relative
specific retention volume curve shows a
rapidly decreasing slope up to about 2%
loading. Above this point, the specific
retention volume plot is linear. The
diglycerol spreading phenomenon in
this instance is analogous to the case

Figure 3. Effect of type of liquid
phase on specific retention volumes

SUPPORT-50-BO MESH KEL-F '

where water droplets are placed on a
glass plate which has been mostly
covered with a wax film. Below about
2% loading, a significant fraction of the
diglycerol apparently has been adsorbed
on the support surface in the form of a
film of relatively high partitioning
coefficient, resulting from good wet­
ting of the higher energy patches of
the support surface. As illustrated by
point A in the plot in Figure 2, there
are apparently only a few sites on Kel­
F with surface energy higher than that
of diglycerol. Therefore, these sites
are quickly covered with only 2%
diglycerol. The spreading of diglycerol
at these high energy sites gives a high
ratio of liquid surface per unit of volume
(as in the case of water dropped on a
clean glass plate); hence, the liquid at
these sites has a relatively high parti­
tioning coefficient.

When more than about 2% diglycerol
is placed on Kel-F, the liquid does not
spread on the remaining support sur­
face in the same manner, because of the
large difference in the surface energies of

-,90 /
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Figure 2. Surface energy plot for
solids

% SURFACE COVERAGE

relatively high energy, while the waxed
glass represents a low energy surface.
The experiment illustrates that spread­
ing differences are only encountered
when the surface energy of the liquid is
higher than that of the solid.

The heterogeneous nature of the sur­
face of solids is well known. A typical
plot relating the surface energy of a
solid as a function of the percentage of
the surface covered, either by gas or
liquid, is shown in Figure 2. As indi­
cated, there is a significant portion of the
solid surface which has much higher
energy than that which is characteristic
of the major portion-i.e., the homo­
geneous surface-of the solid, which has
the surface energy value approached
asymptotically at high coverage in
Figure 2. This figure diagrammatically
illustrates the heterogeneous character
of the surface of solids, and is analogous
to the wax coated glass plate just de­
scribed. The heterogeneous energy
profile of the solid surface can be
equated to the glass plate which has
been virtually covered with low surface
energy, but still contains patches of
clean glass surface of high surface
energy.

With conventional diatomaceous
earth column supports, this liquid
spreading problem is seldom en­
countered, since siliceous surfaces
usually have a much higher energy than
the liquid substrates which are placed
upon them (9). With fluorine-con­
taining polymer supports, however, a
situation analogous to the water on the
glass plate can arise. The surface
energy of these polymers is generally
lower than most of the liquids commonly
used as gas chromatographic liquids.

The low surface energy of fluorine­
containing polymer supports produces
some unique gas chrOmatographic ef­
fects. While diatomaceous earth sup­
ports demonstrate a linear relationship
between specific retention volume and
the amount of liquid phase, excepting
certain adsorption effects at very low
loadings (15), fluorine-containing poly­
mer supports often show a dispro-
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liquid phase on column efficiency
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Column temperature: 75 0 C.
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The HETP curves for squalane and
Carbowax 400 in Figure 5 are siInilar in
shape to those which can be obtained
with diatomaceous earth supports. The
higher efficiency of the squalane and
Carbowax 400 columns indicates better
wetting of the support by these liquids
than with diglycerol. Squalane and
Carbowax 400 also show less increase
in HETP at high loading than does
diglycerol. This suggests that liquid
mass transfer limitations of these two
liquids are not greatly affecting column
efficiency at the carrier gas flow rate used.

As shown by the data in Figures 5 and
6, optimum HETP values for Kel-F
columns are produced when 15 to 20%
by weight of liquid phase is used.
Teflon-6 columns give optimum HETP
when loaded with Carbowax 400 at the
20% level, as shown in Figure 6. Other
liquids with similar surface energies
probably will show a corresponding
HETP pattern. However, use of liquid
substrates with surface energies grossly
different from Carbowax 400 may re­
quire a different loading to produce
optimum HETP. The data in Figure 6
also indicate that optimum HETP
values for Fluoropak 80 are obtained
with very low loadings, perhaps 2% or
less, presumably because of the rela­
tively low surface area of this ma­
terial.

Columns with Kel-F supports show
a smaller rise in HETP when the
amount of liquid loading is increased
beyond the optimum than do columns
prepared with Teflon-6. This effect,
shown in Figure 6, cannot be explained
by amount of available surface, since
the surface area of Kel-F is only about
II. that of Teflon-6. A reasonable

Carbowax 400. It would seem that
Kel-F has been wetted with a liquid of
"constant partition coefficient" when
ethyl acetate is used as the solute.

Kel-F with zero liquid phase dem­
onstrates a small but significant re­
tention of ethyl acetate. While Teflon
shows negligible retention of the solutes
in Figure 4, data presented in a later
section indicate that some adsorption
is apparent if the sample size is de­
creased sufficiently.

While a linear specific retention
volume-weight per cent liquid phase re­
lationship is found for ethyl acetate
(Figure 4), data for n-butanol obtained
simultaneously on the same column
show a nonlinear relationship. It
would, therefore, appear that the
"effective" liquid film is different for
the two solutes as they pass through the
column. This could occur as the result
of local changes in the spreading of the
partitioning liquid as the solute bands
pass through the column (5). It is
likely that the passage of n-butanol, a
compound of high surface energy, down
a column might cause significant
changes in the spreading of the low
surface energy substrates, such as
squalane.

Since the surface area of Fluoropak
80 is only about one eighth that of
Teflon-6, it might be expected that the
effects of spreading of liquids on these
supports might be different. Fluoropak
80 undoubtedly has a significantly
smaller number of surface sites of energy
higher than that of a liquid such as
Carbowax 400. It appears reasonable,
therefore, that the change in the parti­
tioning coefficient of any liquid film
placed on Fluoropak 80 might be less in
magnitude than that found for Teflon-6.
This is supported by the Fluoropak 80
data shown in Figure 4, which show
only a very slight nonlinearity.

Effect of Type and Amount of
Liquid Phase on Column Efficiency.
The efficiency of columns prepared
with fluorine-containing polymer sup­
ports can also be significantly affected
by the type of liquid used as substrate.
The type of liquid phase is a much
more critical parameter with these
supports than it is with diatomaceous
earths, since fluorine-containing poly­
mers are not as readily wetted by most
organic liquids. As can be seen in
Figure 5, columns made with Carbo­
wax 400 or squalane show much smaller
optimum HETP values than those
obtained from a diglycerol column.
The steepness of the diglycerol curve
beyond the minimum HETP suggests
that as more liquid is added, increasingly
thick pools are formed, making the
column progressively more liquid dif­
fusion-limiting. The higher viscosity of
diglycerol could also partly account for
the higher HETP obtained on columns
with this liquid.

SUPPORT-50-S0 MESH KEL-F
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surface energy of liquids represented by
point B in Figure 2 is not much dif­
ferent from the surface energy of the
homogeneous support surface, some
liquid may also be simultaneously
deposited on the homogeneous support
surface. However, at theBe sites where
the surface energy of the liquid is higher
than that of the solid, the liquid does not
spread efficiently, and the resulting
liquid has a lower partitioning co­
efficient than at high surface energy
sites of better spreading. A continua­
tion of the coating process would,
therefore, result in a decreasingly ef­
ficient partitioning surface as the weight
ratio of substrate at sites of superior
spreading decreases. Such a process re­
sults in a specific retention volume­
weight per cent liquid curve of con­
tinuously decreasing slope, Buch as that
of the Teflon-6 plot shown in Figure 4.
Plots si.milar to the ethyl acetate
curve in Figure 4 were also obtained for
the other test solutes used in this study.
Experimental points were determined
with zero liquid phase for all solutes.

The ethyl acetate specifi,~ retention
volume plot of Kel-F in Figure 4 is
linear, indicating basic differences be­
tween fluorocarbon and ehlorofluoro­
carbon in regard. to the distribution of
the Carbowax 400 liquid phase. The
situation is analogous to the hypotheti­
cal experiment involving the wetting of
both clean and wax covered areas of a
glass plate with hexane. Carbowax
400 apparently spreads effeetively on
Kel-F, because the surface energy of
the solid is higher than the surface
energy of Carbowax 400. This is in
contrast to the Teflon-6, the Burface of
which is mostly of a lower enHrgy than

o 5 10 15 20 25 30 35 40
WEIGHT PERCENT UtlUIO PHASE

Figure 5. Effect of amount and type
of liquid phase on column efficiency

Solute: n-butanol
Carrier flow: 50 cc./min.
Column temperature-: 75 0 C.
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Figure 8. Effect of linear gas velocity
on column efficiency at various liquid
loadings
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Figure 7. Effect of type
of support on separation
of test mixture
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Figure 9. Effect of linear gas velocity
on column efficiency
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larger than about 100 [Jog. probably can
be attributed to the progressively more
diffuse sample plug placed on the inlet
of the column, and/or the increasing
tendency to overload the packing.

The absence of adsorption effects for
the Carbowax 400 data in Figure 10
indicates that active adsorption sites
have been effectively eliminated by the
addition of this substrate. The sig­
nificantly larger retention volume
(higher partition coefficient) of n­
butanol probably accounts for the very
small increase in HETP as larger
amounts of this solute are chromato­
graphed. Adverse equipment geometry
effects, such as unwanted diffusion ef­
fects in the vaporizer and detector andHE'l'P,

Support mm.
Fluoropak-SO, full-range 3.6
lCel-F, 50-SO-mesh 2.6
Teflon-6, full-range 2.3
Teflon-6,40-60-mesh 1.7
Chromosorb W, So-10o-mesh 1.1

limiting. As indicated by the steep rise
in the HETP curve with increasing car­
rier gas velocity, optimum perform­
ance is obtained at a very low flow rate.

The optimum efficiency of columns
properly prepared from sized Teflon­
6 compares favorably with the ef­
ficiency of columns made from con­
ventional diatomaceous earth supports,
as illustrated in Figure 9. The ef­
ficiency of the full-range Teflon-6
column is significantly poorer than that
of the column prepared from sized
material, l:)mphasizing the importance of
packing homogeneity. The HETP for
n-butanol at the optimum carrier gas
velocity for each of the support ma­
terials was found to be as follows:

The data in Figure 9 show that Kel­
F might be the preferred fluorocarbon
support, should very high flow rates need
to be used. Similar data were obtained
using water as the solute.

Effect of Sample Size. The effect
that sample size has on the efficiency
of fluorine-containing polymer
columns can be significantly influenced
by the type of liquid employed.
As shown in Figure 10, a sharp in­
crease in HETP occurs as polar
solutes of progressively less than about
100 [Jog. are chromatographed on a non­
polar column of 20% squalane on
Teflon-6. This is undoubtedly due to
adsorption by the support, which pro­
duces a nonlinear isotherm and peak
tailing, the greatest relative effect being
apparent with the smallest sample.
The increasing HETP values for samples

explanation for the effect involves the
superior spreading of the liquid on
Kel-F.

A comparison of the practical ef­
fectiveness of the various supports
studied is shown in Figure 7. Several
useful conclusions can be drawn from
these chromatograms. For instance,
the sized Teflon-6 column is clearly
superior to the column prepared from
full-range Teflon-6, effectively dem­
onstrating the desirability of using
sized support. While the Kel-F
separation in Figure 7 shows a poorer
separation of acetone and ethyl acetate
than that obtained with Teflon-6, the
column efficiency for water and n­
butanol is approximately the same.
Tailing of some of the peaks in the
Kel-F curve is also evident, suggesting
small but significant adsorption of
certain solutes by this support. Fluoro­
pak-80 affords a much poorer separation
of the test mixture than the other
fluorocarbons. This may be due, in
part, to the fact that the 10% loading
used was probably not optimum for this
support. The lower column efficiency
could also be an effect of the poor
packing homogeneity. Columns made
with both fluorocarbon supports show
minimal peak tailing effects in Figure
7, indicating insignificant adsorption of
the test compounds.

Effect of Carrier Gas Velocity on
Column Efficiency. The optimum
carrier gas velocity for columns made
with both full-range and sized Teflon-6
support is somewhat lower than is
usually the case for comparable di­
atomaceous earth columns. The data
in Figure 8 show that the smallest
HETP for 5 and 20% Carbowax 400
columns is obtained with a helium
carrier gas velocity of about 3 to 5 cm.
per second. With 40% liquid loading,
the column is strongly liquid diffusion-
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Figure 13. Separation of alkylamines
in water
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Figure 12. Separation of organic
acids in aqueous solution

Carrier flow. 50 ct./min.

the liquid. The decrease in HETP at
intermediate temperatures is probably
due to the improved wetting of the
Teflon surface by diglycerol as thE'
viscosity is decreased. The rapid rise
in HETP of the upper curve may be ex­
plained by a combination of the low
partition coefficient of the liquid as a re­
sult of the higher temperature, to­
gether with increasingly poor liquid
mass transfer characteristics as the
flow rate is increased.

Conditions for Optimum Column
Operation. Conditions for optimum
column operation of the various
fluorine-containing polymer supports
have been concluded from the data
obtained during this study, and are
summarized in Table II. These con­
ditions have been generalized some­
what; however, they have proved to
be a useful guide. Different optimum
conditions may be found for particular
separations.

Optimum
carrier

linear gas
velocity,
cm./sec.

3-5
ca. 2
7-15

Optimum
liquid phase,

Wt.%

15-20
2-5

15-20

Type

Teflon-6
Fluoropak-80
Kel-F

Table II. Optimum Operation of
Supports

is exhibited when very small samples
are chromatographed. This again dem­
onstrates the reduced adsorption ef­
fects which take place when polar
partitioning liquids are used.

While Teflon-6 is not a completely
inert support, it is one of the least
adsorptive materials now available.
The somewhat larger adsorptive effects
demonstrated by Kel-F powder are be­
lieved to be due, at least in part, to sur­
face carboxylic acid groups. This is
supported by the observation that
methylene blue indicator is readily
adsorbed to Kel-F powder from a
dilute n-propanol solution. Pre­
liminary tests have indicated that the
adsorption effects of Kel-F can some­
times be reduced by treatment with
alcoholic potassium hydroxide.

Effect of Temperature on ·Column
Efficiency. Some interesting effects
on column efficiency occur as the
temperature is varied on Teflon-6
columns prepared with 20% by weight
of the different test liquid phases.
As seen in Figure 11, HETP data
obtained on the Carbowax 400 column
at a fixed carrier gas flow rate show
very little variation throughout the

temperature range studied. Very
similar results were also obtained with
a 20% squalane column throughout
the temperature range of 35° to 90° C.
However, the diglycerol column pre­
sents a different picture. At very low
flow rates, temperature change has a
minor effect; the efficiency of a 20%
diglycerol column approaches that
shown by the other phases tested.
When the flow rate is increased, how­
ever, the HETP of the column
drastically increases, and large changes
in column efficiency take place as the
column temperature is varied_

The data in Figure 11 again indicate
that Carbowax 400 and squalane are
dispersed on Teflon-6 in thinner, more
uniform partitioning films than is
diglycerol. This liquid probably is dis­
persed on the polymer in relatively
large droplets or deep pools, because of
poor wetting of the support. As a re­
sult of this, the efficiency of the di­
glycerol column at the higher flow rates
is drastically limited by mass transfer in
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Figure 11. Effect of temperature on
column efficiency
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the tendency to overload the column, are
of less significance for n-butanol than for
a compound of low partition coefficient,
such as acetone. However, these effects
probably account for the steeper slope
of the acetone curve.

The effect of sample size on specific
retention volumes also correlates with
the effects on column efficiency just
discussed. When 1 to 2 Jlog. of acetone
are chromatographed in a squaiane­
Kel-F column, a 10% increase in the
specific retention volumes is noted over
that found for sample sizes larger than
about 100 Jlog. With the Carbowax
40o-Kel-F column, however, less than
5% increase in speeific retention volume

..
:;;
:z: 3.
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APPLICATIONS

To test the applicability of the
techniques developed during this study,
model separations of higWy polar com­
pounds of different chemical types were
devised. Figure 12 shows the separa­
tion of an equal mixture of water,
acetic acid, and formic acid obtained on
a column of 10% Carbowax 400 on
40- to 60-mesh Teflon-6. Good peak
symmetry was obtained without the
use of acidic agents in the substrate to
overcome dimerization of solute acids
(10, 13). Approximately 500 theoreti­
cal plates are shown for both the acetic
and formic acid peaks. Almost 1000
theoretical plates per meter have been
obtained with Teflon-6 columns in
more favorable separations.

The versatility of the Carbowax­
40o-Teflon-6 column is shown in the
separation of a dilute aqueous mixture
of higWy basic compounds, dimethyla­
mine and diethylamine, as illustrated in
Figure 13. This is a programmed
temperature separation with the column
held at 350 C. for sample injection,
followed by a temperature increase of
130 C. per minute.

In addition to the obvious advantages
of using fluorine-containing polymer
supports for the analysis of higWy polar

compounds, it is sometimes desirable to
use these materials for the analysis of
certain compounds which are catalyti­
cally decomposed by diatomaceous earth
supports.

Fluorine-containing polymer supports
can also be effectively used with high
boiling samples. Temperature limita­
tions are approximately 1600 C. for
Kel-F and about 2750 C. for Teflon,
although some minor changes in the
characteristics of Teflon-6 columns have
been said to take place at high tempera­
tures (12).
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Contribution of Interfacial Resistance
to Band Broadening in Chromatography

G. J. KRIGE and VICTOR PRETORIUS

Department of Physical and Theoretical Chemistry, University of Pretoria, Pretoria, South Africa

V The contribution of the resistance to
mass transfer at the interface to the
plate height has been evaluated for
the four basic forms of chroma­
tography. It has been shown that,
with the exception of liquid-liquid
chromatography, this effect would be
negligible in comparison with the other
band-broadening mechanisms in most
of the situations normally encountered
in practice.

T HE proposal originally put forward
by Khan (18, 19) of a significant

contribution to band broadening in gas
chromatography arising from a resist­
ance to mass transfer across the phase
interface has led to further theoretical
and experimental studies of the mecha­
nism of this process. Experimental
investigations of the phenomena taking
place at the gas liquid interface have
been contradictory. Hazeldean and

Scott (14) have, for instance, concluded
that the contribution to the plate height
is negligible in gas liquid chromatog­
raphy in comparison with other band­
broadening mechanisms, whereas Mar­
tin (21) has contended that adsorption
of the solute on the surface of the sta­
tionary liquid phase can be significant.
This would suggest that under certain
circumstances interfacial resistance is an
important cause of peak spreading.
In view of the difficulty of clearly dis­
tinguishing by experimental means
alone, a possible interfacial mechanism
from other band-broadening processes,
this lack of agreement is not surprising
and one must conclude that-at least
until the generally accepted band-broad­
ening mechanisms are more perfectly
understood-the contribution of an
interfacial band-broadening mechanism
can best be assessed on theoretical
grounds.

Three theoretical expressions have

been proposed. According to Khan
(18) the contribution to the plate height
of a resistance to mass transfer at the
gas liquid interface is

H•.'l = (l+k~~)~k; (1)

A more general expression has been de­
rived by Giddings (10)

H",l+lp =

2X u [~- X.)I + (X. + X,,)2 + X p ]

, X.k••1 , X.k.. k~

(2)

in which both gas liquid and liquid solid
interfaces are taken into account. It
is shown below that these two equations
are equivalent under similar circum­
stances. Finally, for a gas solid inter­
face (10)

2k'u
H.,'" = (1 + k')2k

PIJ
(3)
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the contribution of HiTgp to the total
plate height would be expected to be
negligible in comparison with the other
band-broadening processes.

LIQUID SOLID CHROMATOGRAPHY

It follows from Equation 2 and an
expression similar to Equation 4 for
kpb that the contribution of interfacial
resistance to band broadening at the
liquid solid interface may be written as
(10)

Representative values of the quan­
tities in Equation 11 are: D I = 3 X
10-5 sq. em. per second, dp = 2 X 10-2

em., 'To = 10-13 second, and T = 3000 A.
Qa rarely exceeds 13 kcaI. per mole
(12), and even if k' is taken as unity
(which would probably be an under­
estimation for Qa = 13 kcaI. per mole)
the ratio in Equation 11 is "" 0.004.
One may therefore conclude that Hi,lp
would be important only under ex­
ceptional circumstances.

(16)

(17)

(15)

(18)(
M )1/3

r = 6.93pNo

An expression due to Onsager (31),

p.' = 4.96 kTr 3 X

[
(2E + nD')(E + 2)J (E - 1 _ nD' - 1)

3E(nD' + 2) E + 2 nD' + 2
= 6.846 X 10-16Tr 3A (19)

ED = 2P.i'Oli
(r, + r;)6

has been used to estimat,e the dipole
moments in Equations 15 and 16.
The radius, r, in Equation 19 is that

The intermolecular attraction energy
of a pair of unlike molecules may be
calculated by summing the van del'
Waals expressions (17)

for the Keesom, Debye, and London
energies, respectively. These expres­
sions yield an estimate of the total
intermolecular energy-i.e., including
both attractive and repulsive energies­
only if an "effective" value of r is used.
For this purpose a slightly modified
form of the expression given by Clusius
and Weigand is employed (26')

need be considered are those between
neighboring molecules, and that the
gas is ideal. The number of nearest
neighbors of an adsorbed molecule will
depend on whether it is adsorbed on
top of the liquid surface or in the top­
most liquid layer; both regions are
considered as contributing to the inter­
facial region. It will be assumed that
solute gas molecules either have suJfi­
cient energy to penetrate the topmost
layer of the liquid phase or they are
reflected back into the gas phase. The
validity of this assumption, as well as
the various expressions employed bel.ow
to calculate the value of k,g will be
tested later by applying the model. to
the theoretical estimation of Ostwald
coefficients. Now the number of near­
est neighbors of a solute molecule on
the surface, z', is usually 3/4of its neigh­
bors in the bulk of the SOlution, Z

(28). One may calculate z if it i:3 as­
sumed that all the molecules are spheri­
cal, and that the solution is sufficiently
dilute for each solute molecule to be
entirely surrounded by solvent mole­
cules. Under these conditions, if a
molecule of radius r, is completely sur­
rounded by molecules of radius r i:

Z = ! z' = 4(r,' + 2riri) (14)
3 ri 2

EL = ~. 30li Ol; IJ f

2(ri + ri)6(I, + I;)

·3 ai,a.iviollph

2(r, + r;)6(II'O + II;")

(11)200 DI'ToeQ
·/

RT

k'dp '

GAS LIQUID CHROMATOGRAPHY

There is experimental evidence (9)
to show that if the supporting medium
in gas liquid chromatography is prop­
erly prepared, and sufficient liquid
loadings are employed, the amount of
solute which is adsorbed on the surface
of the support material is negligible.
Consequently it may be reasonably as­
sumed that in such cases X p S'! 0,
and hence Equation 2 reduces to

H"gl = 2Xgu [(1 - X g)2 + .Xb
2J(12)

X,k8g X,k.b

where k,g is the rate constant for de­
sorption from the liquid interfacial re­
gion into the gas phase, and is given by
an expression similar to Equation 4
which may be written as

(k.g)-1 = 'To/E, + PtlV /RT) (13)

To calculate E, it is necessary to
know the nature of the molecular inter­
actions between the solute and its sur­
roundings in the adsorbed and gas
states. It is assumed that in the ad­
sorbed state the only interactions which

2k' Q./RT
Hi,lp = (1 + k')' U'Toe (10)

where X. has been interpreted as the
mole fraction of the solute in the mo­
bile (liquid) phase. Unfortunately, a
simple expression which is similar to
Equation 5 relating k' to 'T is extremely
difficult to derive because of the com­
plexity of the liquid structure. How­
ever, the relative importance of H"lp
may be assessed by comparing it with
the expression for Hrm proposed by van
Deemter. From Equations 8 and 10
it is seen that

The relative importance of HiTgp may
be gauged by comparing it with other
terms in the total plate height expres­
sion for gas solid chromatography, the
most suitable being one which also in­
cludes the particle diameter. There
are a number of such expressions; of
these, that for the interparticle resist­
ance to mass transfer would provide
the best baBis for comparison with Hi,.p
since this mechanism is always present,
and it is one of the smallest causes of
band brolldening. Although several
expressions have been proposed to de­
scribe this mechanism, they all predict
approximately the same contribution
to the plate height (1). Consequently
the simplest expression

Fl _ 0.01 (k')' dp ' u (8)
, 1m - (1 + k')2D--;-

proposed by van Deemter (7) would
serve the present purpose.

From Equations 7 and 8

Hi'o,~ = 33.3E'D. . /27TM (9)
H rm (J(1 - E')dp '" RT

Representative values of the quanti­
ties appearing in Equation 9 are:
Do = to-I sq. em. per second, dp =
2 X 10-' em., T = 2730 A., M = 50,
E' = 0.4. Ascribing the maximum
value of unity to f3, it is found that the
ratio in Equation 9 is r-J 0.01. Al­
though this parameter may vary over a
wide range, under normal circumstances

GAS SOLID CHROMATOGRAPHY

Since (2, 11)

(kH )-1 = 'r = 'ToeQ·/RT (4)

and, according to Cremer (6),

k' = @e'T . / RT (5)
€' '" 27TM

Equation 3 may be written as

_ 2(k')'E' . /27TM
Hi,gp - (1 + k')'(JSe -V. R'l' U (6)

From Equation 6 it is clear that HiTgp
increases as the surface area of the ad­
sorbent decreases. Se may be written
as So (I-E'), where, for spherical par­
ticles with a smooth surface, So =
6/dp (.~). The maximum value of HiTgp
is therefore given by

H. gp = __ (k')'dp_E_'_~ . /27TM
.. (J(1 + k')' 3(1 - E') '" RT U

(7)

The main drawback of these ex­
pressions is that aetual values of the
parameters involved are not easily ob­
tainable for practical chromatographic
systems, so that Hi, cannot be estimated
in such cases. In the present paper
an attempt has been made to remove
this difficulty and hence to estimate Hi,
for each of the four basic types of chro­
matography.
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where the exponents of the intermolec­
ular distance in the attractive and re­
pulsive terms of Mie's potential have
been taken as 6 and 12, respectively
(23). The reduced mass of the vibrat­
ing system is given by

where y is given by rl/T•.
The parameter To in Equation 13 is

the reciprocal of the vibration frequency
of the surface molecules (2) of the liq­
uid. An expression has been derived
(23) for this frequency in a condensed
system of molecules obeying Mie's
potential as

mim·z l

mr = ' (23)
ml + miz'

when a molecule of mass mi is vibrating
with respect to z' molecules of mass
mi' For the present purpose Eo is
the energy of interaction of a solvent
molecule with nine nearest neighbors,
and a. may be taken as 2T.. From Equa­
tions 22 and 23, with an expression
similar to Equation 21 for Eo, it follows
.that To may be written as

!. = 1.61 X 104(A22T +
To (2r2)M.lIS

2A2B.T + 1.45 X 104B.·)1/2 (2:10)

The rate constant, k•., as given by
Equation 13 can now be expressed in
terms of easily determined parameters.
E, is calculated from Equation 21;
PLlV = RT per mole; To is calculated
from Equation 24. Making the rele­
vant substitutions,

(30)

Silicone oil

550
0.97
4.00
1.405
5.14
0.320
0.245

PEG 400

400
1.0

11.40
1.465
4.58
1.179
0.276

M
p, g./cc.
E

nD
r X 108 em.
A.
B.

X. 2r.
Xs = d,

. Usually 2rs « d" and consequently
X. «Xs. Under these conditions,
X. ~ 1/(1 + k') and X s ~ k'j(1
+ k/). Substitution of Equation 30
into Equation 12 then yields

.•1 _ 2k' (1- ~) d,
H.. - (1 + k')S k•• + k.s 2r. u (31)

tions 27 to 29, "., which is equal to
1/To, being obtained from Equation 22.
In this case, Eo will be given by the in­
teraction between a solute molecule
and its z' surrounding solvent mole­
cules, and is described by an expression
similar to Equation 21.

In order to estimate the value of Hi;1
given by Equation 12, it only remains
to calculate the mole fractions of the
solute in the different regions. To
calculate X., it is assumed that a com­
pletely homogeneous solution of solute
in solvent is formed. If the liquid forms
a uniform film of thickness d, on the
supporting medium, it follows that

where k.. and k.s are functions of
parameters A and B which, for the
more common molecules, may be cal­
culated from tabulated values of E

and nD. These data are, however,
not generally available for the stationary
phases commonly employed in chroma­
tography. Consequently, approximate
values of E were determined for a repre­
sentative polar and nonpolar stationary
phase-viz., polyethylene glycol 400
(PEG 400) and silicone oil, respec­
tively-by measuring the capacitance
of a small cell filled with the liquid on an
L-C bridge, and then obtaining the
value of the dielectric constant from a
calibration curve. Approximate val­
ues of nD were determined with an Abbe
refractometer using a white light source.
The results, at 25° C., are given in
Table 1.

Values of the parameter (2rs)k••,
calculated from Equation 25 at 25° C.,
have been plotted as a function of
y in Figures 1 and 2, using the data in
Table I, for various values of AI,
BI has been chosen as 0.25 in both cases,
this being a representative value for
the solutes generally encountered in
practice.

Table I. Physical Properties of PEG
400 and Silicone Oil at 25° C.

The factor k.s may be considered as
the rate constant for diffusion away
from the interfacial region into the bulk
liquid phase. Diffusion in solutions
may be treated by the theory of ab­
solute reaction rates (13), which pos­
tulates an activated complex for diffu­
sion situated between the initial and
final equilibrium positions of the diffus­
ing solute molecule. A solute molecule
which diffuses from the bulk of a solu­
tion onto the surface loses the stabiliza­
tion resulting from the greater number
of neighbors which it had in the bulk,
but the entropy of the system increases
because of the vibration of a molecule
perpendicular to the surface. The
former effect is denoted by LlE/, the
latter by Tt:;S'. If LlF's is the free
energy for diffusion in the bulk liquid
phase, it follows from the theory of
absolute reaction rates that

k.s = k[ e-(AFs - AE' + TAS')/RT (26)

For diffusion in the bulk liquid
phase the volume and entropy changes
are negligible and, hence, from the well­
known definition of LlF's, LlF's ~ LlEs,
the activation energy for diffusion in the
bulk liquid phase. Since a molecule
has 3/, as many neighbors on the sur­
face as in the bulk of the solution,
LlE' ~l/,LlEs. Furthermore, it has
been suggested that LlEs is a constant
fraction, usually 1/3, of the energy of
vaporization per mole, LlE.. Equation
26 may then be written as

kT - (1/4 AE. + TAS')/RT
k.s = Ii: e (27)

exp ~ -49.23(AIA. + AlB. + AsBI +
1.45 X 1Q4B I B.) [y4(2 + y)] t (25)

T (1 + y)6 \

LlE. can be calculated from Equation
21 by setting y = 1, Al = A., and BI

= B•. Thus,

/lE. = 2.31RT X

( A.s + 2A.B. + 1.45 X
T

104B22) (28)

The entropy due to vibration perpen­
dicular to the surface with a frequency
".can be calculated from statistical
thermodynamics as (3)

tiS' = R [~~ (i V
./

kT _ 1) -I _

In(1 - e-hv./kT)] (29)

It is a matter of some conjecture
whether the activated complex pos­
sesses this additional vibrational en­
tropy or not. The barrier for diffusion
into the bulk liquid will be higher if it
does not, and since the minimum value
of the rate constant is more important,
it will be assumed that it does not.
One may then calculate k.s from Equa-

(22)1 1 (48Eo)1/'
:;:: = 2 7ra~ m;-

defined by Equation 18. A is a func­
tion of E and nD only.

The polarizability is calculated from
the Lorentz-Lorenz expression (31),
using Equation 18, as

a = 1.654 (:~: :; Dr3 = 1.654Br3 (20)

where parameter B is a function of
nD only.

Values of I or ,,0 are not easily ob­
tained. However, the value of I
for most organic molecules lies between
200 and 250 kcal. per mole (17) and
consequently an average value of I
of 225 kcal. per mole (,,0 = 2.41 X
1015 second-I) may be used without
introducing undue error. From Equa­
tions 14 to 20, using this value of I,
it is found that

:T = 49.23(AlA. + A.BI +
A B + 1.45 X 104B IB.)ry4(2 + ~2]

I • T L (1 + y)8

(21)
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(35)

(37)C;. J'. f(E./kT)

To pass into the topmost liquid layer,
a gas molecule must possess sufficient
energy, say Eh, to force the liquid mole­
cules apart, making a hole larg·a enough
in the surface to accommodate it.
Molecules having energies less than Eh

are assumed to be elastically reflected
back into the gas phase. If f(Eh/kT)
is the probability that molecules possess
an energy greater than or equal to Eh,

the rate of condensation of gas molecules
on the surface is, from the ideal gas law,

have been accurately determined by ex­
perimental methods. The treatment
is similar to that proposed by Moelwyn­
Hughes (27).

Consider the solution of a gas in a
liquid. The partial pressure of the gas,
which is assumed to be ideal, is Pi.
The gas molecules collide wi'th the
surface, and the number of collisions
(em. -2 second-I) is CioUi, wher'~, from
the kinetic theory of gases,

Figure 2. Variotion of (2r2)k•• with y
at 25° C. for PEG 400

81 == 0.25
a. Al = 0
b. Al = 1
c. Al = 2
d. Al = 3
e. Al = 4

To evaporate into the gas phase, the
condensed molecules must have suf­
ficient energy to overcome the attractive
forces of z' neighboring molecules;
if this energy is denoted by F)" the rate
of evaporation is

trolling mechanism in interfacial re­
sistance for both polar and nonpolar
stationary phases.

Figure 1 shows that for silicone oil
2r2k•• > 0.1 em. per second over almost
the entire range of A I and y considered
here, and it is to be expected that the
effect of interfacial resistance is neg­
ligible in this case and, in general, when­
ever a nonpolar stationary phase is
employed. Figure 2 shows that this
conclusion does not hold for PEG 400­
fairly large sections of the curves for
Al = 2, 3, and 4 lie below the dashed
line representing the limiting value of
(2r2)k•• for the values of the parameters
chosen. Taking BI = 0.25 (nD =
1.41), approximately the following
combinations of E and M/p yield (2r2)k••
= 0.1 em. per second for PEG 400 at
25° C.: E = 33, M/p = 120; E = 25,
M/p = 170; E = 17, M/p = 230;
and E = 9, M/p = 400.

An investigation of tables of E (15)
reveals that none of the molecules with
a dielectric constant less than 35 at
25° C. has these combinations of E

and M / p, although there are several
borderline cases. It follows that 2r2k••
would always be greater than 0.1 em.
per second and consequently it is to be
expected that Hi!l ~ Hr. for the values
of the parameters chosen. However,
there are possibly solutes-e.g., water
and glycerol-which have values of
E > 35 at 25° C., for which the above­
mentioned conclusion might not hold.
Such situations have not been included
in Figures 1 and 2, since the theory
given here would not be valid because
the Onsager expression for the dipole
moment, which determines A, no longer
holds for associated liquids like these
(31).

It is interesting to compare the pres­
ent theory with that developed by Khan
(18). From the above discussion it
follows that for all practical purposes
Equation 31 reduces to

If Equation 34 is compared with Equa­
tion 1 it is seen that k a = (2r2)k••.
The expression derived by Khan for
ka cannot be evaluated for the systems
generally encountered in gas chroma­
tography, whereas (2r2)k•• can. How­
ever, Khan has calculated ka for a hypo­
thetical system consisting of chloro­
form as a stationary phase and acetone
as a sample at 25° C. He found that
k d = 0.002 em. per second. If (2r2)k••
is calculated for the same system from
Equation 25, its value at 25° C. is 0.49
em. per second, which is considerably
larger than Khan's value.

An indication of the reliability of the
expressions derived in this paper can be
obtained by using these expressions to
estimate the Ostwald coefficients which

-2

4

o 025 050 0·75 fOO
Y

Figure 1. Variation of (2r2)k.. with
y at 25° C. for silicone oil

81 - 0.25
a. AI" 0
b. At" 1
c:. AI- 2
d. A1 == 3
Ill. AI == 4

One may caJeulate k.b from Equations
27, 28, and 29. From Equation 29,
M' increases with decreasing frequency
of vibration, and hence, from Equation
22, with d(~creasing intermolecular
interaction energy. An approximate
lower limit of (2r2)k.b was calculated by
taking Al = 0, BI = 0.25, and y =
0.25, the value of v. being determined
by taking an average value of 100 for
the mole weight of the sample. For
PEG 400 and silicone oil, these values
yield (2r2)ko/> = 500 and 1000 em. per
second, respectively.

The relative importance of interfacial
resistance aE, a mechanism giving rise
to band spreading in gas liquid chroma­
tographic columns can now be assessed
by comparing the expression for Hi."1
given by Equation 31 with that de­
scribing the resistance to mass transfer
in the stationary liquid film, H rl, which
is also a function of dl (10)

, 2k'dl2U
H"i = 3(1 + k')2D

1
(32)

From Equations 31 and 32,

Hir·1 = ~ [_1_ + _1_J (33)
Hrl dl (2r2)k.. (2r2)k.b

Taking Dl as 3 X 10-6 sq. em. per sec-
ond and dJ as 10-3 em., it follows from
Equation ;33 that Hi."1 ~ H r1 when the
factor in the brackets is ~ 10 cm.-I

second. :From what has been said
above it is clear that the contribution of
(2r2)kob to Hi."1 is negligible, and hence
that desorption from the interfacial
region into the gas phase is the rate-con-
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These two rates are equal at equilib­
rium. From Equation 30 it is clear
that

Table II. Comparison of Theoretical and Experimental Values of the Ostwald
Coefficient

!(E./kT) = e -E./kT (44)

S'be.r. S."p&l. Ref.

0.032 0.018 (5)
0.025 0.026 (5)
0.097 0.243 (5)
0.079 0.108 (5)
0.081 0.195 (5)

0.071 0.045 (5)
0.037 0.063 (5)
0.051 0.494 (5)
0.008 0.036 (5)
0.034 0.165 (20)
0.044 0.248 (20)

0.114 0.182 (SO)
0.120 0.279 (20)

J.LI,
Debye
o

benzene, the values of S for He, Ne,
Ar, N2, and O2 are 0.031, 0.027, 0.245,
0.204, and 0.193, respectively. Three
of these are virtually identical to the
experimentally determined value.

From these results it may be con­
cluded that the estimated values of the
contribution of interfacial resistance to
band broadening in gas liquid chromato­
graphic systems which have been given
here are approximately correct. This
would suggest that the theory developed
by Khan overestimates the relative
importance of this effect.

LIQUID-LIQUID CHROMATOGRAPHY

Theoretical and experimental work
by Drickamer and his coworkers (29, 90)
has shown that the rate of diffusion of a
solute through a liquid-liquid interface
can be as little as 10-6 of that in the
bulk phases themselves. This would
suggest that if a solute is injected into
the mobile phase of liquid-liquid chro­
matographic system, an equilibrium
distribution of the solute between the
two phases is unlikely to be established.
In fact, van Duin (8) has gone so far
as to suggest that there is no effective
penetration of the stationary phase,
and that the process taking place is
merely adsorption~esorption from the
surface of the stationary liquid phase.

The high resistance to mass transfer
across the interface in a liquid-liquid
system may be theoretically explained
in terms of the model presented in the
previous section. Consider a solute
molecule in the mobile phase of a liquid
system. This molecule diffuses to­
ward the liquid-liquid interface, and it
may be shown (13, 30) that the ratio
of the interfacial to bulk diffusion co­
efficients is given by

D il = e(Mb. - Mi/J/RT (47)
Dba

if it is assumed that, to a first approxi­
mation, the molar volumes of the sta­
tionary and mobile phases are the same,

Oij X 10",
cc./mole

10.37
(9.89)

3.15 11.84 0
(2.78) (11.48)

2.13 3.27 2.80
(2.56) (3.28)

2.60 6.38 3.50
(3.12) (6.13)

T; X 108, T; X 108,

cm. em.
1.00 2.77
1.17 (2.62)
1.43
1.50
1.40
1.00
1.17
1.43
1.00
1.50
1.40
1.50
1.40

n-Hexane

Liquid

Benzene

Methanol

Acetone

One can calculate II. from Equation
22, setting Eo = E. and a. = Ti + rl'
From Equations 22, 42, 44, and 45

This coefficient has been calculated
for a series of simple polar and nonpolar
substances at 25° C., and the values
are given in Table II. The values of
the various parameters were obtained
as follows. E h is calculated by multi­
plying the intermolecular energy of like
molecules by z' obtained from Equation
14. The intermolecular energy may be
taken to be 1/g of the latent heat of
vaporization of the pure substance if
this information is available. E. was
obtained from the van der Waals
expressions using Equations 18 to 20
for the liquid molecule. The radii
used for the inert gases are taken from
the work of Uhlig (32), who also con­
sidered the energy required to form a
hole in the surface of a liquid; van der
Waals radii (16) were employed for
oxygen and nitrogen. Tabulated val­
ues (24.) of the polarizability and vi­
brational frequency, 11°, of the gases
have been used.

Table II shows that, in general,
for polar, nonpolar, or even long-chain
molecules, the model proposed predicts
Ostwald coefficients to within a factor
5 of the accepted value. Of the systems
studied only argon in n-hexane showed
a lI;reater divergence. The values of
a included in parentheses were ob­
tained by summing individual tabulated
bond contributions to the total polariza­
bility (24.), and are almost identical
to those calculated from Equation 20.
The values of r j in the parentheses
were calculated by setting the latent
heat of vaporization (25) equal to 9(EK

+ ED + EL) and solving for rl; the
agreement with the predictions of Equa­
tion 18 is good, and if the value of 2.62
X 10-8 cm. is used for the radius of

(40)

(38)

(41)

37, and 38,

Ci. = 2TjCib

Pi = KHCib

2Tjll. !(E./kT)V21rTn,kT/!(Eh/kT)

(39)

Experimentally it is found that

Ci.

and from Equations 36,
at equilibrium,

~

From Equations 39, 40, and 41,

S = !(Eh/kT)~2:'/2T;II.!(E./kT)

(42)

where K H , the Henry's law constant,
is a function of the temperature and the
nature of the solute and solvent, but is
usually independent of the composition
of the solution and the pressure. Since
the vapor is assumed to be ideal, Pi =
ciokT and Equation 40 may be written
as

S can be theoretically estimated if the
probability factors can be evaluated.
An approximate expression can be ob­
tained by considering the system as
analogous to one consisting of q feebly
coupled oscillators. The total energy
can then be expressed as the sum of
2q squared terms, and the probability
that a molecule will have an energy of
at least E, is (22)

!(EdkT) = e-E,/kT(EdkT)O-l/(q - 1)f
(43)

when E,» (q - l)kT.
To evaluate Equation 43 for evapora­

tion and condensation, E. and En may
be calculated from the model developed
above. The value of q for evaporation
can be obtained by assuming that the
solute must possess the energy E.
in a direction perpendicular to the sur­
face, and in a vibrational degree of
freedom, which will be characterized
by two squared terms for the energy.
Consequently q = 1, and from Equation
43

The corresponding expression can be
obtained for condensation by assuming
that the internal molecular motions of
a molecule in the liquid and gas phase
are the same. Consequently, to pene­
trate the topmost liquid layer, a gas
molecule must obtain the energy from its
three translational degrees of freedom­
i.e., q = 3/2 and (q - 1)1 = IhV;'
From Equation 43

f(Eh/kT) = 2e-E,/kT VEhhrk1' (45)
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most liquid-liquid systems, particularly
if the mobile phase is less polar than the
stationary phase or the solute molecule
is polar, D i , «Dba, and hence that
diffusion across the interface would be
the rate-controlling mechanism. This
would imply that under such circum­
stances an adsorption-desorption equilib­
rium is probably established at the
surface, as has been suggested by van
Duin (8).

To estimate the contribution of a
surface adsorption-desorption process to
the plate height one may use an expres­
sion similar to Equation 10. The rel­
ative importance of interfacial resist­
ance may then be assessed by comparing
it with the term describing the resistance
to mass transfer in the mobile phase.
The ratio of H.rll to Hrm is clearly given
by Equation 11 with H.,.lp replaced by
H.rll.

The factor To in this expression is
given by Equation 24. The energy
required by a solute molecule to desorb
from the surface of the stationary phase
is approximately equal to the energy
needed to free itself from the attractive
field of (1/4)Z, molecules of the stationary
phase plus that required to force (1/4)Za
molecules of the mobile phase apart to
make a hole large enough for the solute
molecule to fit into. Since there is no
volume change on desorption, it follows
that

Qa = E. ~ ~Z2'E12 + ~z3'E33 (53)

In terms of the theory developed
above one may calculate the first term
in Equation 53 from Equation 52,
whereas the second term is given by
Equation 51 with subscript 2 replaced
by 3 and y' substituted for y. Taking
D l = 3 X 10-5 sq. em. per second, dp

= 2 X 10-' em., k' = 1, and T =
3000 A" and calculating To and Qa
by assuming that M. = 500, r2 = 5
X 10-8 em., and A, = A. = Aa = 3,
Bl = B2 = Ba = 0.25, and y = y' =
I-which can be regarded as extreme
values-it is found that the ratio of
H.rll to Hrm in Equation 11 is = 0.04.
It follows that when little effective pene­
tration of the stationary phase takes
place, the contribution of H 'rll to the total
plate height in liquid-liquid chromatog­
raphy is negligible in comparison with
other band-broadening processes.

and that the entropy and volume
changes occurring on diffusion are neg­
ligible (13).

The ratio in Equation 47 may be
calculated from a knowledge of the ac­
tivation energies. t::.E"a is approxi­
mately equal to l/a of the latent heat
of vaporization (13) and from Equation
28

(48)

The energy, t::.E'/I consists of three
separate contributions. To penetrate
the topmost layer of the :stationary phase
the solute molecule must not only have
suffieient energy to freE' itself from the
attractive potential Held of (a/4)Za
of the mobile phase molecules but must
also be able to make ,a hole in the sta­
tionary liquid surface which is suffi­
ciently large to accommodate it. Since
in passing from one phase to the other
a solute molecule is also under the at­
tractive influence of approximately
(1/4)Z2 molecules of the stationary liq­
uid phase,

The individual contributions to t::.E.,
in Equation 49 follow directly from
expressions similar to Equations 21
and 28 as

and

z2'E12 (
3RT = 16.41 AlA. + A ,B 2 + A 2B, +

!.45 X 10
4BIB.) [,y4(2 + 1!.2J (52)

T ' (1 + y)6

where y' is given by rx/ra.
The large number of parameters ap­

pearing in Equations 49 to 52 make an
estimation of the relative magnitude
of the interfacial and bulk diffusion
coefficients for a variety of substances
rather tedious. For the present pur­
pose we consider the simple situation
where y = y', Al = .14.2 = Aa, and B, =

B. = Ba. Representative values of
y and B would be 0.5 and 0.25, respec­
tively. Using these vaJues, T = 3000 A"
and A = 0, 1, 2, 3, and 4; the cal­
cula,ted values of DidDba are ~ 0.14,
0.06, 6 X lO-a, 1.7 X 10-4, and 1.4
X 10--';, respectively. This is essentiallv
in agreement with the results obtained
by Sinfelt and Drickamer (30).

It may thus be concluded that in
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NOMENCLATURE

= convenient parameter
= equilibrium separation dis­

tance of vibrating system
= convenient parameter
= concentration of solute i in

regionj
= diffusion coefficient of solute
= diffusion coefficient of solute

through interface
= thickness of stationary

liquid film
= particle diameter

ED, E K , EL = Debye, Keesom, and
London attraction ener­
gies

E. = energy required by solute
molecule to evaporate
from liquid surface into
mobile phase

E i ; = interaction energy between
molecules i and j

Eh = energy required by solute
gas molecule to penetrate
surface of liquid

Eo = minimum potential energy
of vibrating system

t::.E' = loss in energy of solute
molecule on diffusing
from bulk to surface of
liquid

t::.Eb = energy for diffusion of
solute in bulk liquid
phase

t::.E. = energy of vaporization of
pure liquid

t::.Fb = free energy for diffusion
of solute in bulk liquid
phase

f(Ei/kT) = probability that molecule
possesses an energy ~ E i

H ir = contribution of interfacial
resistance to plate height

Hrl = contribution of resistance to
mass transfer in station­
ary liquid film to plate
height

H,m contribution of interparticle
resistance to mass trans­
fer in mobile phase to
plate height

h = Planck's constant
I = ionization potential
K H = Henry's law constant
k = Boltzmann's constant
k' = ratio of mass of solute in

stationary phase to mass
in mobile phase at equi­
librium

kd = rate constant for desorp-
tion defined by Khan

ki ; = rate constant for desorp-
tion from ith into jth
region or phase

}.if = molar weight
m = molecular weight
m, = reduced mass of vibrating

system
No = Avogadro's number
nD = index of refraction for so-

dium D line
P = pressure
Pi = partial pressure of sub-

stance i
Qa = amount of heat which must

be added to system to
desorb molecule

q = convenient parameter
R = gas constant
r = molecular radius
S = Ostwald coefficient
Sc = surface area of particles in

column per unit column
volume

So = surface area of particles in
column per unit bed vol­
ume

t::.S' = gain in entropy of solute
molecule on diffusing
from bulk to surface of
liquid

T = absolute temperature
u = carrier flow velocity



'U, = average value of component
of velocity in given direc­
tion of ideal gas molecule
of substance i

f::,.V = volume change
X, = mole fraction of solute in

region i
y = ratio of radius of solute

molecule to that of sta­
tionary phase molecule

y' = ratio of radius of solute
molecule to that of mo­
bile phase molecule

z = number of nearest neigh-
bors of molecule in bulk
liquid phase

z' = number of nearest neigh-
bors of molecule in top­
most layer of liquid

ex = polarizability
{3 = fraction of molecules re-

flected from surface
E = dielectric constant
e' = interparticle porosity of

column
J1. = dipole moment
,,0 = vibration frequency of zero-

point motion
". = vibration frequency of

molecule perpendicular
to surface

p = density
T = time of adsorption
To = convenient parameter
1, 2, 3 = subscripts denoting solute,

stationary, and mobile
phases, respectively

b, g, l, p, 8 = super- or subscripts denot­
ing following regions or

phases: bulk liquid, gas,
liquid, packing material,
liquid surface, respec­
tively

i, j = convenient subscripts
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A Combustion-Gas Chromatographic Method for the
Simultaneous Determination of Carbon and
Sulfur in Ferrous Metals

W. K. STUCKEYl and J. M. WALKER

Department of Chemistry, Kansas State College of Pittsburg, Pittsburg, Kan.

~ A method is described in which the
sample is combusted in a pressurized
stream of oxygen with a high fre­
quency induction furnace. The com­
bustion products are swept onto a
4-foot silica gel column, which is then
purged oxygen-free with helium, the
combustion products eluted by tem­
perature programming, detected by a
thermal conductivity detector, and re­
corded on a strip chart recorder
equipped with a Disc Chart Integrator.
The analysis time, from sample firing
through complete elution of the com­
bustion products is 17 minutes. Carbon
compositions analyzed were from
0.011 to 3.28%. Sulfur composi­
tions ranged from 0.011 to 0.329%.
The method could easily be adapted
to a routine analysis with no change
in accuracy or precision.

T HE COMBUSTION of ferrous metals in
an oxygen atmosphere and the

subsequent analysis of the combustion
products by various techniques has been
reported for both carbon and sulfur
(1,4,8, 10). Recently, infrared spec­
trometry has been used for carbon de­
terminations with results reproducible
to 0.001% (5). In addition, the sulfur
content of steels has been detected after
combustion by neutron activation anal­
ysis (2) and by spectrophotometric
means (3).

However, a simultaneous method for
carbon and sulfur is the most desirable.
Several methods have been reported for
simultaneous carbon-sulfur analysis in
steels involving titrations (6), but the
instrumental approach appears to be
preferred. The far ultraviolet region
of the spectrum has been used to de-

termine sulfur, phosphorus, carbon,
and silicon. The mass spectrometer has
also been used as a detector (7) and
there is now an instrument commercially
available using infrared means for
detection.

Gas chromatography is an excellent
means of detection and is ideal for this
type of analysis. However, only re­
cently have the techniques involved in
elemental analysis of organic compounds
been extended to the determination of
carbon in ferrous metals (11). The
proposed simultaneous method utilizes
gas chromatographic separation of the
combustion products and detection by a
thermal conductivity detector.

1 Present address, Department of Chem­
istry, Kansas State University, Man­
hattan, Kan.
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Table I. Results of Carbon-Sulfur Determinations,

N.B.S. e S
steel Mean Mean

sample N.B.S., % Found, % Std. dev. error, % N.B.S.,% Found, % Std. dev. error, %

82a 2.24 2.18 ±0.02 -0.06 0.102 0.106 ±0.005 +0.004
122d 3.28 3.17 ±0.01 -0.11 0.092 0.084 ±0.003 -0.008

16d 1.01 1.01 ±0.01 0.00 0.033 0.039 ±0.002 +0.006
1:~9b 0.094 0.095 ±0.002 +0.001 0.224 0.211 ±0.012 -0.013

8i 0.077 0.074 ±0.001 -0.003 0.064 0.060 ±0.003 -0.004
We 0.406 0.412 ±0.OO5 +0.006 0.047 0.049 ±0.001 +0.002
109 0.240 0.245 ±0.002 +0.005 0.109· 0.014 ±0.003 -0.005
55e 0.011 0.012 ±0.001 +0.001 0.011 0.011 ±0.001 0.000

170a 0.052 0.049 ±0.002 -0.003 0.021 0.022 ±0.002 +0.001
133a 0.120 0.127 ±0.002 +0.007 0.329 0.346 ±0.009 +0.017

EXPERIMENIAL

Apparatus and Materials. The
system of Walker and Kuo (11) was
employed with certain modifications
(Figure 1). The qu.artz combustion
tube and double O-ring seal described
by Kuo, Bender, and Walker (9)
allowed the samples to be combusted
in a pressurized stream of O:l\:ygen. For
this study, the brass components were
rhodium plated. A stainless steel
system was used from the quartz com­
bustion tube through the silica gel
column using I/t··inch tubing and
Aminco stainless steel valves, Models
44-1585 and 45-4003. A few grams of
W. A. Hammond Drierite Co. calcium
sulfate was placed in the tubing im­
mediately following the combustion
chamber to prevent the possible ad­
sorption of sulfur dioxide by moisture.

A 4-foot COIUIT.lJl was prepared using
Matheson, Coleman and Bell chro­
matographic grade silica gel (60- to 80­
mesh) and stainless steel tubing. A
column oven was constructed of trans­
cite with glass wool insulation, so that
one side of the oven was mounted
on hinges to allow easy access to the
oven and to increase the cooling rate.
The connections, including the blower
and thermistor, were retained from an
original F & M Scientific oven.

Procedure. A carefully timed pro­
cedure was followed for each determi­
nation. The helium two-stage regu­
lator was first set for 16 p.s.i. and the
flow rates of 60 m!' per minute on the
sample side and 15 'm!. per minute on
the reference side checked. The re­
corder and integrator were turned on,
the detector current set at 130 ma.,
and the system allowed 24 houis· to
eqllilibrize. Block temperature was
200° C. The o:o-:ygen regulator was
then set for 16 p.s.i. This resulted in an
oXYgen flow rate of 67 ml. per minute.
All crucibles were prefired for 15 minutes
immediately before firing to ·ensure a
carbon, sulfur-free blank. The pre­
firing was accomplished using 0.4 gram
of 170a steel and 1.0 gram of tin ac­
celerator. The prefired crucible was
then chaflsed with 0.500 ::!;: 0.0005
gram of the steel sample and 1.0 gram
of tin accelerator. After the charged
crucible was reloaded into the furnace,
V1 was opened completely for 1 minute
and the combustion tube purged. With
the attenuator on the X 512 position,
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Figure 1. Schematic diagram of sys­
tem

A. Oxygen plus oxidation products
8. Silica gel column
C. Detector block
D. Sample side
E. Reference side
F. Helium supply
VII Vt, Va. Valves

Va was closed simultaneously while
V2 was being opened. This allowed
oxygen to pass through the column.
The combustion was then initiated.
After 7 minutes, the furnace was turned
off and V2 closed and Va opened simul­
taneously. After an additional 1 min­
ute, 45 seconds, the oven door was
closed and recorder chart drive started
at 1 inch per minute.

For the most rapid and accurate de­
termination, a special temperature pro­
gram technique was employed ,which
resulted in a nonlinear program. The
oven temperature was initially 30° C.
The indicator of the temperature pro­
grammer was set at 100° C. with a
temperature setting of 42° per minute.
The oven heater and the temperature
programmer were activated simultane­
ously. The programming indicator be­
gins increasing at 42° per minute.
The oven temperature then increases
at the maximum rate until the oven
temperature and the programmer tem­
perature coincide. From this tem­
perature upward, the programming rate
is 42° per minute. This technique
gave a maximum increase in tempera­
ture up to 150° C. and resulted in the
best carbon dioxide peak.

After both carbon dioxide and sulfur
dioxide had been eluted from the
column, the chart drive on the recorder
and the temperature programmer were
turned off. The indicator on the
temperature controller was then set at
30° C. Approximately 15 minutes
were allowed for the oven to cool from

the maximum temperature of 350° C.
and stabilize at 30° C. The periods
during prefiring, column oven cooling,
and sample combustion are more than
adequate to carefully weigh all ma­
terials and record the results for each
determination.

RESULTS

The results are shown in Table 1.
To correlate between samples of varying
composition, a series of attenuation fac­
tors were evaluated, using the X 1 posi­
tion as reference. The attenuator Waf.

first set on the X1 position and the
bridge set out of balance. An average
value of counts per inch was found over
a 5- to lo-minute period. The at...
tenuator was then changed to the X2
position and the average counts per
inch again evaluated. The ratio of the
counts per inch values on the two posi­
tions was the attenuation factor.

A program was written for a Royal
Precision Electronic Computer LGP-30
to calculate results. A mean sensi­
tivity of all samples was taken as a
standard to calibrate the instrument
and to calculate the carbon-sulfur
percentage for each run. An average
of five runs was taken as the per cent
found. Standard deviations were com­
puted for the five runs on each sample.
The program allowed all results 'to be
calculated in 15 minutes.

A combustion time of 7 minutE'S was
found adequate for all samples except
122d, which contained the highellt per­
centage of carbon. This sample was
combusted 8 minutes. More erratic
results were obtained with ~.amples

122d and 82a compared to the other
samples. Less uniform combustions
are felt to be responsible.

CONCLUSION

The overall sensitivity showed 46,550
counts per mg. of carbon. One micro­
gram of carbon would accordingly give a
maximum deflection approximately 2%
of full scale with the attenuator on the
X1 position. The apparatus showed a
sulfur sensitivity of 20,710 eounts per
mg.



Since various compositions can be
compensated by simply changing at­
tenuations, the method is applicable to
a wide range of concentrations. Also,
no reagents or special techniques are
necessary. The apparatus could easily
be adapted, by means of solenoid valves
and timers, so that only one master
switch would be .needed for the entire
determination. The procedure would
then consist only of loading the sample,
activating the master switch, and read­
ing the result. Use of calibration curves
would result in an analysis requiring
only about 5 minutes of a technician's
time per run.

The time per analysis could be re­
duced by shortening the time reqUired
to elute the sulfur dioxide from the

column. An oven capable of being
programmed at a faster rate could con­
ceivably reduce the total analysis time
to 15 minutes or less.
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Carbon Determination in Ferrous Metals
by Gas Chromatography

J. M. WALKER and C. W. KUOl

Department of Chemistry, Kansas State Colfege of Pittsburg, Pittsburg, Kan.

l> An extremely sensitive and highly
precise method for the determination
of .carbon content in ferrous metals
by gas chromatography was de­
veloped. Samples were combusted
in a high frequency induction furnace,
their gaseous products passed through
a 4-foot 5-A. molecular sieve column,
and detected by a thermoconductivity
detector. The carbon dioxide was
trapped in the column at 100 0 C.
while oxygen was swept out by the
helium carrier gas after complete
combustion. The carbon dioxide peak
came off the column at about 275 0 C.
by means of temperature programming
while its area was measured by a
disk chart integrator. Eight different
NBS steel and iron samples with carbon
contents varying from 0.011 to 3.28%
were run. This method permits de­
tection of 0.0005% carbon at the
maximum detector sensitivity. The time
required for a single run is approxi­
mately 20 minutes. Some advantages
of this technique are its simplicity of
operation, broad detection range
(0.0005 to 20% carbon), and high
sensitivity.

THE PROCEDURE of carbon deter­
mination in ferrous metals has been

well established. Many methods and
their modifications have appeared in the
literature (1-3, 5, 11, 13). They can be
classified mainly as the following cate­
gories: the wet chemical method, the
direct combustion method, the vacuum

fusion (low-pressure combustion)
method, the electroconductometric
method, and the spectrographic and
mass spectroscopic methods. The trend
of development in this field is to seek a
rapid and highly sensitive method which
would enable one to detect not only
very low carbon content, but also very
high carbon content as well.

The gas chromatographic technique
appears to be a step in the right direc­
tion. Although there has not been
any published paper concerning the
carbon determination in ferrous metals
by gas chromatographic technique,
papers were given at the 1962 and 1963
meetings of the Pittsburgh Conference
of Analytical Chemistry and Applied
Spectroscopy (6, 8). In addition, sev­
eral workers did utilize this technique in
the determination of carbon and hydro­
gen in organic compounds. Duswalt
and Brandt (4) combusted their sample
in an oxygen stream. Sundberg and
Maresh (12) using copper oxide as inter­
nal oxidizing agent, burned their sample
in a helium atmosphere. In both cases,
the combusted gases were led through a
liquid nitrogen trap and the carbon diox­
ide was trapped. Since silica gel columns
were used in both cases, the liquid nitro­
gen trap is a necessity so as to get rid
of the excess oxygen and to concentrate
the gases for quick injection into the
sample column. Recently, Nightingale
and Walker (9) developed Ii simultane­
ous e-H-N determination using a gas
chromatographic technique. They in­
troduced the coupling of the high fre-

quency induction furnace and the gas
chromatograph. These workers made
use of a 5 A. molecular sieve column and
eliminated the troublesome liquid nitro­
gen trap. Still, an internal oxidizing
agent, silver permanganate, was used
instead of burning the sample in an oxy­
gen atmosphere. Parsons, Pennington,
and Walker (10) also utilized the high­
frequency furnac&-gas chromatograph
combination in the determination of
nitrogen.

The work described here is based on
the retention of carbon dioxide by the
5 A. molecular sieve. The carbon
dioxide in the combusted mixture was
trapped and "stored" in the molecular
sieve column under isothermal condi­
tions while the excess oxygen passed on
through. Helium, the carrier gas, was
used to purge the oxygen from the
column hence the need for an internal
oxidizing agent and the liquid nitrogen
trap was eliminated. The carbon diox­
ide pel'lok was obtained through tempera­
ture programming.

EXPERIMENTAL

Apparatus and Materials. A sche­
matic diagram of the entire system is
shown in Figure 1. The apparatus
consisted of a Leco high frequency
induction furnace Model 523, a F &
M Scientific Model 500 linear-pro­
grammed temperature gas chromato­
graph, with a 4-foot 5-A. molecular
sieve column, and two Hevy Duty

1 Present address, The Dow Chemical
Co. ,Williamsburg, Va.

VOL 35, NO. 13, DECEMBER 1963 • 2017



passed through a manganese dioxide
tube which retained all the sulfur di­
oxide in the gas mixture, and then into
the 4-foot 5-A. molecular sieve column
where carbon dioxide was trapped.
The furnace was turned off after the
oxidation was complete. The combus­
tion time for each sample was found
depending on the amount and the kind
of samples in the crucible and varied
from 10 to 12 minutes. Valve 12 was
closed 2 minutes after the furnace was
turned off so there would not be any
carbon dioxide left behind in the oxida­
tion chamber or in the copper connec­
tion. At the same time, valve 13
was opened and the helium carrier gas
was sweeping the excess oxygen out of
the column. In doing this, the pen of
the recorder would slowly be drifting to
lower scale and finally back to the
original position-the electrical zero.
This indicated that all of the oxygen
was expelled. The temperature limit
of the oven was now released and
column temperature programming in­
itiated. (To save time, once the time
required for the pen to reach the
equilibrium is observed, one can pro­
gram it before the pen is completely
back to zero, so long as the equilibrium
will be reached just before the carbon
dioxide peak shows up.) The area of
the peak was read from the disk chart
integrator. The over-all time required
for each single run is approximately
20 minutes.

RESULTS AND DISCUSSION

Eight kinds of NBS standard ferrous
metals, with carbon contents ranging
from 0.011 to 3.28%, were run, with re­
sults tabulated in Table 1. For the
lowest carbon sample, NBS 55e, the
mean error is a -0.0008. For the
highest carbon sample, NBS 122d, the

Schematic diagram of apparatus

Standard
deviation

1. Oxygen cylinder
2. Helium cylinder
3. Pressure regulators
4. Copper oxide tubes and preheaters
5. Magnesium perchlorate scrubber
6. Ascarite scrubber
7. Manganese dioxide scrubber
8. High frequency Induction furnace
9. Molecular sieve cofumn, 4 feet 5 A.

10. Block
11, 12, 13. Valves
14. Reference detector side
15. Sample detector side

±0.000104
±0.OOOI5
±0.00056
±0.001l0
±0.00309
±0.00200
±0.00750
±0.00877

Figure 1.

3

[f
14

10
15

9

II

3
1213

-0.0008
+0.0004
-0.0022
-0.0055
-0.0092
+0.0169
+0.0839
+0.2866

Mean error

With valves 11 and 13 opened and
valve 12 closed, oxygen was released to
the atmosphere and helium passed
through the column, the sample detector,
and into the atmosphere. The helium
flow of the reference side was maintained
constant at all times. The pen on the
recorder was then set at its electrical
zero by adjusting the control node.
At this point, the disk chart integrator
would show no area. The sample, 0.5
± 0.001 gram, was weighed on a Mettler
Gram-Atic Balance and mixed with 1.0
gram of Leco tin accelerator in the
prefired crucible. The sample crucible
was now loaded into the induction fur­
nace with valve 11 open so the carbon
dioxide from the air would have no
chance of getting into the column.
After making sure that all the carbon
dioxide in the combustion chamber was
purged out, valve 11 was then closed.
At the same time, valve 13 was closed
and valve 12 opened. Oxygen from
the induction furnace was now passed
through the column. The pen of
the recorder would go out of scale due
to the passage of oxygen through the
sample detector. The induction fur­
nace was now turned on and sample
combusted. The combusted gases were

NBS Found
0.011 0.0102
0.052 0.0524
0.120 0.1178
0.240 0.2345
0.406 0.3968
1.01 1.0269
2.24 2.3239
3.28 3.5666

Results of Carbon Determination in Ferrous Metals by Gas
Chromatography

Carbon, %

Table I.

NBS
sample

55e
170a
133a
109
lOe
lOd
82a

122d

Electric Co. Multiple Unit tube
furnaees.

Two 3/dnch copper tubes, filled
with ~V1allinckrodt wire-form analytical
reagent grade copper(ie) oxide, were
heated by the tube furnaces which were
set at the 3-3 position giving a tempera­
ture of 5000 to 6000 C. Linde hospital­
grade oxygen and helium were run
through the preheaters which oxidized
and carbonaceous matter present in the
gases. But the oxygen and helium
were passed through two eopper tubes,
24 inches long and 3/4 ineb in diameter,
which were packed with G. F. Smith
Chemiea.I Co. reagent-grade magnesium
perchlorate, Arthur W. Thomas Co.
Ascarite (8-20 mesh) and Leco 501-60
specially prepared manganese dioxide.
Any possible moisture, carbon dioxide,
and sulfur dioxide in the flow lines was
thereby removed.

The purified helium was then passed
into the chromatographic unit as the
carrier gas. The purified oxygen was
introdueed into the induction furnace.
To maintain proper flow rate of oxygen
through the molecular sieve column,
a pressurized system was desired. Since
the original Leco designed silicone
rubber connection could hold only mod­
erate pressures, a self-designed brass
double "0" ring seal was incorporated
into the oxidation chamber. This
double "0" ring arrangement was first
reported in a paper by Kuo, Bender,
and Walker (7). Instead of the con­
ventional Leco qu~rtz combustion tube,
a quartz tube WIth a length of 71/ 2
!nches, and an outside diameter of 13/8
mches Was used. All of the flow lines
and connections were made of 1/4-inch
copper tubing and fittings. Needle
valves were purchased from the Mathe­
son Co. (No. 107). Leco 501-76 carbon­
free tin a~celerator (20-40 mesh),
528-35 crUCIbles, and 528-40 covers
were used in this study.

Procedure. The following condi­
tions were maintained during each
analysis:

Hel.ium flow rate at sample side: 80 mI.
per !JllIlute at 100° C. column temperature.
Heliu:r;n flow rate at reference side: 50 mI.
per mmute a·t room temperature. Oxygen
flow rate at sample side: 80 mI. per minute
at 100° C. column t.emperature.. Program
rate: 42° C. per minute setting. Block
temperature: 200° C. Injection port
te~peratuI'(:: off, room temperature.
Bndge settmg: 130 rna. Temperature
limit s~tting: . 400° C. Oxygen pressure:
11 p.S.1. Helium pressure: 11 p.s.i. At­
tenuator setting: 2-128, depending on
carbon content of samples.
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mean error is a +0.2866. In actual un­
known determination, a series of correc­
tion factors of counts X attenuation per
p.p.m. carbon, must be found for
individual gas chromatographic units
by firing fractional weights of a standard
sample at different attenuation settings.
The latter was done for the work re­
ported in this paper.

At its maximum sensitivity, attenua­
tion of 1, 0.003% of carbon would give
a full scale deflection. With this setting,
one can easily detect 0.0005% of carbon.
In fact, 1 gram of Leco tin in the prefired
crucible has been fired in this system, an
area with a peak height of about 0.5
inch was seen which indicates the pres­
enceof trace carbon in the Leco tin
accelerator.

A major advantage of this technique
is its broad detection range. Its lower
limit is about 0.0005% while its upper

limit (extrapolated) is of the order of
20% absolute carbon. Any sample with
carbon content within this range can be
determined simply by shifting the set­
ting of the attenuator to the proper
sensitivity. This method also elimi­
nates the necessity of absorption cells,
reagents, solutions, etc. Its simplicity
and neatness in operation should be
noted, including its suitability for rou­
tine analytical work. The materials
necessary for connecting the induction
furnace to the gas chromatographic unit
would cost no more than a few dollars.

By using the quartz enclosed, carbon
crucible instead of the porcelain cruci­
ble, this method can be applied to the
microcarbon determinationf or organic
compounds.
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Programmed Gradient Elution Chromatography
with the Steroid Analyzer

DANIEL FRANCOIS, DAVID F. JOHNSON, and ERICH HEFTMANN

National Institute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health Service,
U. S. Department of Health, Education, and Welfare, Bethesda, Md.

~ Programmed separation of adreno­
cortical hormones by gradient elution
chromatography with the steroid ana­
lyzer is described. Controlled sepa­
rations are accomplished by means of a
gradient pumping system, which per­
mits the polarity of the eluting solvent
mixture to be increased or decreased
at will. The effect of selected pro­
grammed gradients on the separation
of seven adrenocortical hormones and
beef adrenal extract is demonstrated.

A COMPLETELY automatic device for
analyzing adrenocortical hormones

by gradient elution chromatography on
columns has recently been developed in
this laboratory (1). The steroid ana­
lyzer assays aliquots of eluate fractions
and is capable of producing any desired
elution gradient. A number of devices
for programmed gradient elution have
previously been described (3).

PRINCIPLE

The steroid analyzer, described in
detail earlier (1), consists of two in­
tegral units. The gradient elution
system operates independently of the
cyclic operation of the remainder of the
apparatus. A gradient cam, a metal
replica of a plot of solvent ratio as
ordinate vs. time as abscissa, is followed

by the arm of a linear potentiometer.
The position of this arm, as it traces the
cam, governs the amounts of the two
solvents, light petroleum ether (PE)
and dichloromethane (DCM), that are
individually pumped into a small mixing
vessel. The mixture then flows through
the column by gravity. A desirable
feature of this differential pumping
method of producing the elution gradi­
ent is that the concentration of one
solvent in the other may be increased
or decreased at will.

The remainder of the apparatus per­
forms the automated procedures for
dividing, collecting, drying, and ana­
Iyzingthe fractions by both ultraviolet
spectrophotometry (UV) and colorim­
etry after reaction with Blue Tetra­
zolium (BT).

EXPERIMENTAL

The steroid analyzer was used as
previously described, with the following
exceptions. To determine the height of
the potentiometer arm required for the
elution of individual hormones, it was
positioned manually for the preliminary
experiments involving reversal of sol­
vent ratios, as described below.

The column used differed slightly
from that described in our original
method for the quantitative determina­
tion of individual corticosteroids (4).
The stationary phase was water, sup­
ported by a silicic acid column (Merck,
dried at 100° for 3 hours). The ratio

of support to stationary phase was 2.5
to 1 by weight. Identity and purity of
fractions were monitored by thin-layer
chromatography (2).

Stock solutions of 100 p.g. per ml. of
absolute ethanol were prepared from the
following steroids: A4-pregnen-21-ol­
3,20-dione (Q), A4-pregnen-21-o1-3,ll,­
20-trione (A), A4-pregnene-ll{1,21-diol­
3,20-dione (B), A4-pregnene-17a,21-diol­
3,20-dione (S), A4-pregnene-17a,21-diol­
3,-1l,20-trione (E), A4-pregnen-18-01­
1l{1,-21-diol-3,20-dione (Aldo.), and A4_
pregnene-ll{1,17a - 21- triol- 3,20-dione
(F).

Adrenal cortex extract (Upjohn) with
a biological activity equivalent to 100
p.g. of F per ml. was dried under nitrogen
and applied· to the column without
purification.

Samples of 5 p.g. of each reference
compound were automatically deter­
mined with an accuracy of 98 ± 2%.

Preliminary experiments with the
seven adrenocortical hormones revealed
that the solvent ratios required for the
elution of each are critical. If the con­
centration of DCM in PE is decreased
by as little as 1%, the elution pattern is
altered, and a 5 to 10% decrease will
retard the succeeding zones.

Table I lists the concentrations of
DCM in PE which will elute or hold
each steroid. Any given steroid is
eluted by delivering to the column 30
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Linear gradient, started at 100% PE

mI. of solvent, having the composition
shown under "Elute." This is equal to
the holdup volume of the column.
Thereafter, the polarity of the eluent
is decreased below the composition
shown under "Hold." The interval
between the peaks is governed by the
length of time that the solvent composi­
tion is kept below the "Hold" concentra­
tion.

BEEF ADRENAL EXTRACT

Figure 1 illustrates the separation
achieved for a mixture of A, S, and B,
using a linear gradient, concentration
change of 0.66% per tube. Under these
conditions, the three compounds are
eluted in succession without intervals.
The distance between peaks is readily
controlled by selecting an appropriate
elution program. In Figure 2, the
interval between Sand B has been in­
creased by a drop in polarity of the
eluent. In Figure 3, this is shown for
the interval between A and S, and Figure
4 illustrates an extremely wide spacing
between the three peaks, produced by a
special elution program.

The programmed separation of all
seven reference compounds is presented
in Figure 5. The distance between
peaks and the sharpness of each peak
can be controlleu by selecting an appro­
priate gradient curve. This analysis
was accomplished in 17 hours, using a

E

samples large enough for the determina­
tion of minor components in the pres­
ence of excessive amounts of other com­
ponents or impurities. Even so, anal­
ysis is often hampered by overlapping
of closely related compounds, especially
if such .an overlap involves a minor
component. Figure 6, representing the
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Figure 7. Programmed separation of adrenal steroids in 6 ml. of beef
adrenal extract

10-minute collection cycle on the ana­
lyzer. Subsequently, the time was re­
duced to 8.5 hours by adjusting the col­
lection time to 5-minute cycles.

One of the prime advantages of
column chromatograhy over other types
of chromatography is its greater load
capacity. This permits the use of

Hold
20
55
60
65
70
75
80

in PE Re­
Individual

Table J. Per Cent DCM
quired to Elute or Hold

Hormones
Compound Elute

Q 33
A 64
S 70
B 75
E 80

Aldosterone 86
F 91
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analysis of 6 ml. of adrena.l extract,
shows that the column is overloaded
under the conditions used (linear gra­
dient, concentration change of 0.333%
per tube). Yet, this amount of sample
is required for the determination of small
peaks, such as those OCCUlTing between
Band E and between E and F.

The problem was solved by program­
ming the gradient elution as shown in
Figure 7 (top). To save time, com­
pounds A, S, and B were deliberately
eluted in a single peak, while increasing
the resolution of subsequent compounds,
particularly the BT-redueing compound
between E and F. This compound was
shown by thin-layer chromatography to
be Reichstein's Compound D (allopreg­
nane - 313,17a,21 - triol .. 11 ,20 - dione).
Thus, any portion of the elution pattern
can be selectively compressed or ex-

panded by programmed gradient elu­
tion.

The steroid analyzer (1) is a prototype
instrument, representing a considerable
investment of time and cost. The de­
gree of automation achieved probably
exceeds the requirements of a routine
laboratory. However, the principle of
gradient elution and particularly polar­
ity reversal will undoubtedly be found
generally useful for difficult resolution
problems and may be applied either
manually or by a simple combination of
tape programming and dual pumping.
Details of this simplified system will be
described elsewhere.
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Quantitative Analysis of Aromatic Hydrocarbons
by Capillary Gas Chromatography
JOHN Q. WALKERl

Barber-Colman Co " Pasadena, Texas

DAN l. AHLBERG

Research Division, Signal Oil and Gas Co., Houston 12, Texas

3
4

Thermal
stability

11
2

2

4
3

Xylene
resolution

column to this particular range because
of excessive elution time for higher
boiling materials. A discussion of
column preparation, operating param­
eters, etc., illustrates that reliable
quantitative analytical data in the
C6 through Cn aromatics range can
be obtained using this column system
on a gas chromatograph employing a
linear sample splitter and ioniza.tion
detector.

EXPERIMENTAL

Apparatus. Barber-Colman Model
20 and Model 61-C instruments
equipped with linear stream splitters

4
3

2

2
4

Liquid Stationary Phases Investigated for Aromatic Separaticns
Aromatic­

paraffin
resolution

Table I.

(3,(3,_OxYdipropionitrile
Carbowax 1500
Oxybis-2-ethyl benzoate with GE96

(100)
m-Bis(m-phenoxyphenoxy)benzene

with squalane
m-Bis(m-phenoxyphenoxy)benzene
Rating system.

1. Poor
2. Fair
3. Satisfactory
4. Excellent

results of the authors' investigation of
several liquid phases are given in
Table 1.

The present paper deals with the utili­
zation of m-bis(m-phenoxyphenoxy)­
benzene (BPB) (b.p. 2730 C. at 1-mm.
pressure) as a capillary substrate.
This material is easy to coat on capillary
columns, is very stable, and can be
utilized for the analysis of C6 through
Cll aromatics. If better than 90%
separation in the C6 through C9 region
is desired, modification with squalane
(a relatively nonpolar substrate) is
required. This, however, limits the

T HE analysis of aromatic hydro­
carbons has been studied by a

number of workers (1-6), and in the
last three years the use of capillary
columns has made the separation of
m- and p-xylene less difficult. The

1 Present address, Wilkens Instrument
and Research, Inc., Houston, Texas.

~ The use of polar substrates with
capillary columns has made the sepa­
ration of m- and p-xylene less difficult.
m - Bis(m - phenoxyphenoxy)benzene
(b.p. 273 0 C. at l-mm. pressure) can
be utilized as a capillary column sub­
strate for quantitative analysis of C6

through Cn or<>matics. If base line
separation in the C6 through C9 region
is desired, modification of the liquid
phase with squalane is required. Com­
parative elution data and spectra of
several polar substrates are given.
Reliable quantitative analytical data in
this aromatic range can be obtained
using these columns in a gas chroma­
tograph employing a linear sample
splitter and high temperature flame
ionization detector. This investigation
includes over 30 available compounds
in the C6 through Cn range. Twenty­
five of the first 28 aromatics were
resolved in 17 minutes using this
method.
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6 9 12 15 21

and low temperature (room) and high
temperature: (over 200 0 C.) flame ioniza­
tion detectors and -0.25- to +5.0-mv.
recorders (2··second response time) were
used in the development of this method.
Disc Integrators capable of measuring at
least 6000 c.p.m. were required for peak
area measurements. Sample injection
was with 1- and 10-JlI. Hamilton syr­
inges.

Preparation of Column. :LIQUID
SUBSTRATES. Modified m-bis(m-phen­
oxyphenoxy) benzene (BPB) (C6
through C9) aromatics (available from
Eastman Organic Chemicals, Rochester,
N. Y.). Dissolve 0.4 mI. of BPB and
0.1 ml. of squalane in 9.5 mI. of methyl­
ene chloride.

2024 • ANALYTICAL CHEMISTRY

BPB (C6 through Cn) aromatics.
Dissolve 0.7 mI. of BPB in 9.3 ml. of
methylene chloride.

COLUMN· CLEANING AND COATING.
The 200-foot X O.OI-inch i.d. stainless
steel column was washed with at least
three separate 5-mI. charges of pentane,
one 5-mI. charge of methanol, and one
5-mI. charge of pure methylene chloride.
The appropriate coating solution was
then applied, using standard coating
techniques.

Operating Procedure. The operat­
ing conditions were adjusted to data
on each chromatogram. The helium
flow rate was measured with a conven­
tional soap film meter. An inlet pres­
sure about 20 to 40 p.s.i.g. produced the

flow rate. A clean, dry mierosyringe
was flushed several times with the
sample to be analyzed. A 0.0005- to
0.OO2-mI. sample was injected into the
chromatograph through a silicone sep­
tum. The exact size utilized depends
upon the split ratio and relative elec­
trometer gain. For linear quantitative
results, maximum peak height should
not exceed 7 X 10-9 and 7 X 10--8
ampere for the low and high temperature
detectors, respectively. The time re­
quired for the analysis will vary, de­
pending upon the boiling range of the
sample and the operating conditions.

Operating Conditions. Electrome­
ter sensitivity of 1 X 10-10 to 7 X 10-8

ampere was used for all experiments.
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The flash heater and splitter heat
temperatures were maintained at 300 0

± 50 and 200 0 ± 2 0 C., respectively.
The low temperature flame was at40° C.,
while the high temperature flame was
at 200 0 to 225 0 C. Split ratios were
varied from 100: 1 to 200: 1. The

20 and the Model 61-C instruments,
interchangeably.

The data from these runs indicated
that optimum (90% or better) separa­
tion of the ethylbenzene, p-xylene,
and m-xylene could not be obtained on
the pure BPB columns; therefore
modification with squalane (a boiling
point substrate) was necessary. The
addition of the squalane caused some
interference of trace C10 paraffins with
the Os aromatics, as would be expected,
but by running the same sample on
modified and pure BPB columns, opti­
mum information was obtained for the
common 5° mixed-xylene cut of in­
dustry (Figures 1 and 2), and excellent
data for high purity (Figure 3) isomers
in this range.

The data also indicated that the
upper operating temperature of the
modified BPB was too low for materiala
above the Cg range. Elution time W3~
excessive and considerable tailing en­
sued. The single-phase BPB column
temperature was elevated to reduee
elution time, but some tailing was
encountered when the low temperature
flame detectors were used in the elO

to ell range. By switching to the
high temperature flame units it was
possible to elute these materials in a
shorter time with excellent peak shapes,
reasonable precision of analytical data,
and wider sample size range (Figure 4).

In following this particular system
of evaluation of these columns, it was
possible as well to determine the
relative detector responses or sen-

column temperature and column flow
rate are given on each-chromatogram.

RESULTS

Various synthetic blends of the C8

through Cll aromatics were run on
BPB columns, utilizing both the Model

Relative Retention Data

Relative tiDle (benzene = 1.00)
BPB/

Boiling squalane -c--=-c=-...,;;::.B.::.P=B~~~
point, 0 C. at 70 0 C. 1050 C. 1300 C.

80.10 1.00 1.00 1.00
110.62 1.55 1.37 1.14
136.19 2.61 1. 93 1. 36
138.35 2.71 1.96 1. 36
139.10 2.83 2.06 1.40
144.41 3.40 2.31 1.51
145.14 1.59

. 152.39 3.80 2.46 1.61
159.22 4.66 2.86 1.68
161.30 5.13 3.00 1.75
161.99 5.06 3.04 1.75
164.72 5.75 3.29 1.83
165.15 6.08 3.52 1.92
169.12 3.43 1.87
169.35 6.47 3.87 2.01
172.76 3.52 1.92
173.30 3.68 1.96
177.82 1.59
176.08 4.75 2.34
181.10 4.75 2.28
182.44 5.60 2.61
183.27 2.58
183.42 5.35 2.53
183.75 4.96 2.38
183.75 2.50
192.76 6.74 2.91
196.80 7.81 3.72
198.90 5.77 2.69
207.57 5.01
217.55 6.39
255.00 16.61

Table II.

Component
Benzene
Toluene
Ethylbenzene
p-Xylene
m-Xylene
o-Xylene
Styrene
Isopropylbenzene
n-Propylbenzene
1-Methyl-3-ethylbenzene
1-Methyl-4-ethylbenzene
1,3,5-Trimethylbenzene
1-Methyl-2-ethylbenzene
tert-Butylbenzene
1,214-Trimethylbenzene
Isooutylbenzene
sec-BuiGylbenzene
Indane
1,2,3-Trimethylbenzene
m-Diethylbenzene
Indene
n-Butylbenzene
o-Diethylbenzene
p-Diethylbenzene
l,3-I)iethyl~Dlethylbenzene

1-Methyl-4-tert-butylbenzene
1,2,4,5-Tetramethylbenzene
Isopentylbenzene
TetJ'alin
Naphthalene
Biphenyl

Peak
No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
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Figure 6. Chromatogram of C. to CtO aromatics on BPB
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Peak numbers refer ta Ta ble II
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Table IV. Repeatability Data O for
High Temperature Flame Ionization

Detector

RECEIVED for review May 13, 1963.
Accepted August 26, 1963. Division of
Analytical Chemistry, 142nd Meeting,
ACS, Atlantic City, N. J., September
1962.

(4) Hollis, O. L., ANAL. CHEM. 33, 352
(1961).

(5) Zlatkis, A., Ling, S., Kaufman, H. R.,
Ibid., 31, 945 (1959).

(6) Zlatkis, A., Lovelock, J. E., Ibid.,
31, 620 (1959).

Naphthalene
27.7
27.5
27.1
27.5
27.6
27.6
27.5

Durene
9.3
9.5
9.4
9.4
9.1
9.3
9.0

Toluene
63.0
63.0
63.5
63.1
63.3
63.1
63.5

Table III. Repeatability DataO for Low
Temperature Flame Ionization Detector

Run 1 Run 2 Run 3
0.5 0.5 0.5
0.6 0.6 0.6

45.4 45.4 45.4
48.5 48.6 48.7
3.0 3.0 3.0
0.9 0.9 0.8
0.6 0.6 0.5

Benzene
Toluene
Ethylbenzene
p-Xylene
m-Xylene
o-Xylene
Cumene
n-Propyl-

benzene 0.5 0.4 0.5
o Based on peak area normalization.

Cn aromatics, if all instrument and
operator techniques are critically ex~

amined. We have shown the method
to be repeatable; therefore accuracy
can be obtained by peak normalization.
While flow rate and temperature are
not critical functions of column life
(pure BPB), this system contains so
many close boiling components of the
same general hydrocarbon type (aro­
matics and substituted aromatics) that
optimum separations are a direct
function 01 operating conditions.
Therefore, the particular boiling range
of the samples encountered should be
known, so that the proper column and
operating conditions can be selected.
The necessity for the combination of a
linear sample splitter and high tem­
perature ionization detector cannot
be overemphasized.
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sitivity of four different hydrogen flame
detectors on two separate instruments.
These data indicated that the relative
responses of the four were essentially
the same within experimental error,
but further studies are in progress.
Since the high temperature unit works
equally well with both the low tem­
perature and high temperature columns,
and is not subject to condensation of
eluted high boilers, it is preferred for
general use. The boiling point, elu­
tion time, and typical chromatograms
of 31 aromatic compounds are listed
in Table II and Figures 5, 6, and 7.
The problem of repeatability was also
investigated. Tables III and IV il­
lustrate typical repeatability data ob­
tained with the low temperature flame
units on a mixture of relatively narrow
boiling range and high temperature
flame units on a mixture of wide boiling
range. In obtaining these data, the
sample size injected was varied within
the range of 0.0005 to 0.002 m!. to
ensure that no significant deviation
occurred. The authors believe the
repeatability of the wide boiling range
material is limited by the count rate
of the integrators used in this study.

DISCUSSION

By utilizing a combination of squa­
lane, modified BPB, and a pure BPB
substrate coated on a 200-foot X
O.01-inch i.d. stainless steel capillary
column, it is possible to achieve excel­
lent analytical results for the C6 through

VOL 35, NO. 13, DECEMBER 1963 • 2027



Qualitative Analysis of Naphthalenes
by Capillary Gas Chromatography

JOHN Q. WALKERI

Barber-Colman Co., Pasadena, Texas

DAN L AHLBERG

Research Division, Signal Oil and Gas Co., Houston, Texas

Table II. Relative Retention Data
Apiezon L
at 1560 C.

1.00
1.44
1.55
2.05
2.01
2.22
2.22
2.31
2.40
2.40
2.59
2.59
2.65
2.77
3.12

Ucon 2000
1 X 10-'0
amp./mv.
Helium

200 feet X
0.01 inch

165
350
300
215
0.8
170:1
5.0

Ucon 2000
at 165 0 C.

1.00
1.47
1.62
2.08
2.13
2.23
2.23
2.41
2.. 50
2.50
2.72
2.77
2.72
3.00
3.42

BPB
at 1750 C.

1.00
1.51
1.71
2.17
2.17
2.28
2.32
2.45
2.58
2.61
2.81
2.84
2.91
3.04
3.50

three separate 5-mI. charges of pentane,
one 5-mI. charge of methanol, and one
5-mI. charge of pure methylene chloride.
Column was coated in the same way.

Procedure. The optimum operat­
ing conditions used in obtaining the
illustrated chromatograms are listed
in Table 1. The helium flow rates
were measured with a conventional
soap film meter. An inlet pressure of
about 20 to 40 p.s.i.g. produced the
flow rate. A clean, dry microsyringe
was flushed several times with the
sample to be analyzed. The sample
was injected into the chromatograph
through a silicone septum. The exact
size utilized depends upon the split
ratio and relative electrometer gain.
For linear quantitative results, maxi­
mum peak height should not exceed
7 X 10-8 ampere with this high tem­
perature flame detector.

Boiling
point, 0 C.

217.9
241.1
244.6
258.7
257.9
262.3
262.8
262.9
265.6
263
268
268
265
266
270

Table I. Operating Conditions
BPB Apiezon L

1 X 10-00 1 X 10-00

amp./5 mv. amp./5 mv.
Helium Helium

225 feet X 200 feet X
0.01 inch 0.01 inch

175 156
325 310
290 305
255 225
0.6 0.8
125:1 200:1
6.0 9.0

Component
Naphthalene
2-Methylnaphthalene
I-Methylnaphthalene
1-Ethylnaphthalene
2-Ethrlnaphthalene
2,6-DIDlethylnaphthalene
2,7-Dimethylnaphthalene
1,7-Dimethylnaphthalene
1,6-Dimethylnaphthalene
1,3-Dimethylnaphthalene
2,3-Dimethylnaphthalene
1,4-Dimethylnaphthalene
1,5-Dimethylnaphthalene
1,2-Dimethylnaphthalene
1,8-Dimethylnaphthalene

method. Sample injection was with
1- and 10-~1. Hamilton syringes.

Preparation of Column. LIQUID
PHASES. m-Bis(m-phenoxyphenoxy)­
benzene (BPB) is available from East­
man Organic Chemicals, Rochester,
N. Y. Dissolve 0.9 m!. of m-bis­
(m-phenoxyphenoxy)benzene in 9.1
m!. of methylene chloride.

Dissolve 1.0 mI. of Apiezon L (James
G. Biddle Co., Philadelphia 7, Pa.)
in 9.0 mI. of petroleum ether.

Dissolve 1.0 mI. of Ucon 2000 (Union
Carbide Co., New York 17, N. Y.) in
9.0 mI. of petroleum ether.

COLUMN CLEANING AND COATING.
The capillary column was attached to
a source of high pressure (0 to 1000
p.s.i.g.) effluent gas, preferably argon.
A 5- to 10-mI. reservoir was placed
between the column and the regulator.
The new steel was washed with at least

Column temperature, 0 C.
Flash heater temperature, 0 C.
Split temperature, 0 C.
Detector temperature, 0 C.
Sample size, pl.
Split ratio
Flow rate, ml.jminute

Conditions
Sensitivity

Carrier gas
Column dimensions

1 Present address, Wilkens Instrument
and Research, Inc., Houston, Texas.

EXPERIMENTAL

Appara.tus. A standard Barber­
Colman Model fil-C instrument
equipped with separately controllable
flash heaters and stream splitters and
high temperature flame-ionization de­
tectors and -0.25- to 5.0-mv. re­
corders (2-second re~,ponse time) were
used in the development of this

t> The analysis of naphthalenes, mono­
substituted naphthalenes, and disub­
stituted naphthalenes through Cll! has
been investigated using combination
analytkal techniques. A systematic
survey was made to determine the
conditions required to achieve rapid,
accurate, analytical results on this
mixed naphthalene cut by gas liquid
chromatography alone. A gas chro­
matograph equipped with capillary
columns, a high temperature flame
ionization detector, and a special
heated inlet system would resolve the
15 naphthalene compounds investi­
gated. It was necessary to run the
sample on two columns to achieve
resolution of all components, but using
only one column with m-bis(m-phenoxy­
phenox.y)benzene (BPB) gave more
information than previously reported
in the literature.

THE analysis of naphthalenes has
been studied by a number of

workers (2, S) and in the last few years
the separation of the rnethylnaphtha­
lenes has been commonplace. This
paper deals with the utilization of poly­
phenyl ether. Apiezon Land Ucon
2000 were used as capillary substrates
for t.he separation of the first 15 natu­
rally occurring naphthalenes through 1,­
8-dimethylnaphthalene. Twelve of
these components boil in a 120 range
and their separation using capillary
columns has not previously been re­
ported.

Although we could not completely
resolve all 15 components on Qne
column, these separations are superior
to those reported in tho literature.

2028 • ANALYTICAL CHEMISTRY



545148454239363330212421181512

6
~
~ 2,1 1,3

5
","

'c>

M IE- 2E
4 - 1,1c 2,3.. 1M

3
;; 1,6 1,2<.>

0.. 2,6 1,5

2 ~ N 2M 1,4 1,8Q

1

-~ • rJ_,,# ~ '-- - .-

ElUTION TIME-Minutes

figure 1. Separation of naphthalenes with m-bis(m-phenoxyphenoxy)benzene

RESULTS

The naphthalenes investigated in­
cluded the first 15 naturally occurring
compounds from naphthalene through
1,8-dimethylnaphthalene. King, Fa­
brizio, and Donnell (3) by using gas
chromatography obtained 10 peaks
from a similar mixture while investigat­
ing the composition of catalytic gas oils
and tar distillates. Their apparatus
consisted of packed columns and thermal
conductivity detectors. This was a
significant contribution in the analysis

of high boiling components present in
petroleum and tar oils; however, to
complete the analysis, it was necessary
to use other instrumental methods.

Since we had already investigated the
use of the m-bis(m-phenoxyphenoxy)­
benzene for the analysis of complex
mixtures of aromatic hydrocarbonS
using high efficiency capillary column
and high temperature flame ionization
detectors (1), it seemed likely that
separations could be obtained on naph­
thalene mixtures by this technique.

This liquid phase, coated on a 225-

foot X O.01-inch column, separated 13
of the 15 compounds (Figure 1). The
l-ethyl- and 2-ethylnaphthalenes were
not separated under operating conditions
which gave a reasonable analysis time.
Although this was better than previously
reported, it was readily apparent that a
substrate of different characteristics­
Le., polarity-was necessary to effect
the separation of the ethylnaphthalenes.

Apiezon L (a nonpolar substrate) was
next investigated. This capillary col­
umn,200-foot X O.01-inch, resolved the
l-ethyl- and 2-ethylnaphthalenes, but
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figure 2. Separation of naphthalenes with Apiezon L
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tailed badly on all components (Fig­
ure 2). This seems characteristic of
this column with this class of compounds,
since it operates satisfactorily with a
paraffin mixture in the same boiling
range.

To achieve a separation without
peak tailing, a number of substrates
operable in this range (1500 to 2000 F.)
were investigated. The Uccm 2000
200-foot X O.OI-inch column separated
the l-ethyl- and 2-ethylnaphthalenes
without tailing and in a reasonable
elution time (Figure 3). Retention data
for these 15 components are tabulated
in Table II.

In investigating the quantitative
aspects of this system, it was found that

these high boiling components could not
be quantitatively split unless the tem­
perature of the splitter tee was kept
above the normal boiling point of the
components being analyzed.

DISCUSSION

It was possible to achieve qualitative
analytical results for the naphthalenes
boiling through 2700 C. by correlating
the spectra obtained from the m-bis(m­
phenoxyphenoxy)benzene column and
the Ucon 2000 column, since neither
column would separate all the points of
interest. This method (with appropri­
ate liquid phases) may be applied to

other complex compound mixtures,
which are similar in boiling point and
structure.
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Column Partition Chromatography of
Vitamins A and D on Fluoropak 80

PHILIP S. CHEN, Jr., A. RAYMOND TEREPKA, and NANCY REMSEN

Department of Radiation Biology, University of Rochester, Rochester, N. Y.

l> A reversed-phase column chroma­
tographic system allowing the sepa­
ration of vitamin D from vitamin A is
described. The stationary phase con­
sisted of Fluoropak 80 impregnated
with iso-octane and the mobile phase
was aqueous methanol. Advantages
include the use of easily volatile non­
u.v.-absorbing solvents which facilitate
spectrophotometry and liquid scintilla­
tion countin.g of eluted fractions. Ex­
amples illustrating the use of this
column are presented.

ALTHOUGH A LAHClE VAHIETY of
techniques are available for parti­

tion chromatography of polar com­
pounds, relatively few systems have

2030 • ANALYTICAL CHEMISTRY

been described for such separation of
nonpolar materials-e.g., vitamins A
and D (4). Most methods for the latter
substances rely on the theoretically less
desirable adsorption systems (1).

This report introduces the use of
Fluoropak 80 impregnated with iso­
octane as a stationary phase for the
column partition chromatography of
vitamin D. Use of this support elimi­
nates a serious drawback of available
partition methods, namely the dif­
ficulty of obtaining separated material
free of the solvents used in chroma­
tography. The mobile phase employed
in most of these studies has been 90%
methanol.

The column has been used mostly for

evaluating the purity of and for purify­
ing radioactivity-labeled vitamin D s
which may then be used for physio­
logical or biochemical studies. In the
latter studies, the Fluoropak column
has been used to separate radioactive
vitamin Ds from vitamin A in tissue
extracts.

EXPERIMENTAt

Apparatus. A 3-foot glass column
(12 mm. i.d.) with fritted glass disk
and Teflon stopcock was used with the
GME Model V 152 fraction collector.
Ultraviolet absorption was measured
either on the collected fractions with
the Beckman DK-2 recording spectro­
photometer or between the column and
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The radioactive contaminant present
with the original labeled vitamin
D.7-Ha could have arisen from break­
down of the vitamin Da itself. A
variety of experimental conditions can
cause destruction of vitamin D. While
it is not the purpose of the present
paper to present extensive data on this
point, it is necessary to indicate that the
Fluoropak column effectively separates
vitamin D from its more polar break­
down products produced by ultraviolet
irradiation, exposure to oxygen, and
dispersion into water. An illustration
of this type of separation is shown in
Figure 3, where the last mentioned
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MOBILE PHASE' 90% METHANOL
STATIONARY PrIASE: ISO'OCTANE • FLUOROPAK 80

20

Sample

Vitamin Da
Vitamin D a
Vitamin A,

Vitamin Da
Vitamin Da
Vitamin D.
Vitamin A,
Vitamin D2

15

Recoveries of Vitamins A and D from Fluoropak 80 Column

Added, Recovered, Recovered,
p.g. p.g. %
300 295 98.3

3000 2985 99. 6
420 412 98.2

1077 1007 93 .5
1255 1155 92.0
940 896 9504

2950 2150 73.0
400 388 97.2

Toluidine Blue 0

Table I.

25-30° C.

Temperature

4° C.

5
FRACTION

.63.0

.5

.42.0

.3

.2 \.0

.I

Figure 2. Vitamin Da-7-Ha

o

TEST TUBE FRACTION (10 ml.)

Figure 1. Separation of vitamins A and Da on Fluoropak 80

500 C.P.M. H3

coveries of the less stable vitamin A
were not so good as at the lower tem­
perature, but vitamin Da recoveries
always exceeded 92%.

A primary application of the Fluoro­
pak column has been to purify radio­
actively labeled vitamin Da for physio­
logical or biochemical studies. An
example is illustrated in Figure 2
where 1 mg. of vitamin D.7-Ha was
run. The radiochemical purity of the
vitamin Da exceeded 97% and the non­
vitamin Da radioactivity was present in
u.v.-absorbing material more polar

. than the vitamin and eluted earlier from
the column.

fraction collector with the GME Model
U.V. 265 LF. recording attachment
coupled to a Texas Instruments re­
corder. Radioactivity was counted in
the TMC Model LP-1 liquid scintilla­
tion counter.

Reagents. Flouropak 80 (full range
particle size) was purchased from the
Fluorocarbon Co., 1206 East Ash Ave.,
Fullerton, Calif. Sieving revealed
that practically all the particles were
between 20 to 40 mesh, and material
between these sizes was used. Iso­
octane (2,2,4-trimethylpentane) was
obtained from Phillips Petroleum Co.,
Bartlesville, Okla. The scintillator
solution added to each sample for
counting was 10 ml. of toluene contain­
ing 0.4% diphenyloxazole (DPO) and
0.01% 1,4-di[2-(5-phenyloxazolyl)]­
benzene (POPOP).

Procedure. Equal volumes of iso­
octane and 90% methanol were equili­
brated. Some of the stationary liquid
phase (iso-octane) was mixed with dry
Fluoropak 80 to impregnate the solid
support. The column was filled with
iso-octane and the impregnated
Fluoropak 80 added to a height of 80
em. The solid support was then
gently tamped with a glass rod until the
column was 75 to 77 em. The iso­
octane level was lowered to the top of
the Fluoropak and at lel1st 100 ml. of
mobile phase (90% methanol) was
slowly run through and the sample
applied in about 1 ml. of mobile phase.
Several hundred p.g. of unlabeled vita­
min Da marker may be added to facili­
tate location to the vitamin Da zone
when separating radioactive vitamin Da
from tissue extracts. Elution was then
begun and fractions of 5 or 10 ml. were
collected. For radioactivity measure­
ment, the test tube contents were trans­
ferred to a 10-dram glass vial, dried
with air, dissolved. in scintillator solu­
tion, and counted..

RESULTS AND DISCUSSION

Figure 1 shows a typical separation of
vitamin A, and Dastandards. Toluidine
Blue 0, which partitions exclusively
into the methanol phase, was added
simply to illustrate the solvent front,
peak of which was at 30 ml. With 90%
methanol, vitamin A emerged very soon
after the solvent front, while the peak of
vitamin Da occurred at 220 ml. As
evident from the figure, separation of
these two vitamins was excellent.

Stability of vitamin D on the Fluoro­
pak 80 column was checked by running
paper chromatograms of pooled column
eluates in the systems described by
Kodicek (2). The paper chromato­
grams were heated to 80° C. in an oven
after dipping through 25% antimony
trichloride/CHCla (3). No colored or
fluorescent breakdown products were
observed.

Recoveries of vitamin Da (as well as
vitamin A) were essentially quantitative
at 4°C. (column set up in walk-in
refrigerator), as shown in Table 1.
At summer room temperatures, re-
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Figure 3.. Effect of water on vitamin Oa-4-C14

procedure was employed. Five ILg. of
vitamin Da-4-CH in 10 ILL of methanol
was rapidly squirted into 25 ml. of
water, the dispersion allowed to stand
for 24 hours, dried under vacuum, and
applied to the Fluoropak column.
With concentrations of vitamin D large
enough to be followed by u.v. absorp­
tion-e.g., 10 to :W ILg. per ml.-this
breakdown could be observed as a loss
in absorbance and shift in peak to
longer wavelengths. Further details on
studies of vitamin D stability will be re­
ported elsewhere.

The Fluoropak column may also find
application to physiological studies in
the chromatography of tissue extracts.
In preliminary expe:riments lyophilized
or saponified rat tissues, extracted with
chloroform (or dicbloromethane) and
ethyl acetate were used. Chromato­
graphic eluates from liver extract pre­
pared in the above mlmner exhibited an
early peak of relatively polar u.v.­
absorbing material running with and
near vitamin A, as in Figure 4. Most of
the absorbance was due to this vitamin
or its breakdown products. In the
region where vitamin D was eluted
(130 to 250 ml.), praetically no ultra­
violet absorbance was evident with
extracts of normal liver or other soft
tissues. This indicated the futility of
demonstrating normal tissue vitamin D
levels by ultraviolet absorption alone

but gave hope that more sensitive
quantitation methods might be de­
veloped in the future for chemically
estimating tissue vitamin D levels
following a separation of this type.

Exhaustive surveys of either the
stationary liquid phase or the mobile
phase were not made, and perhaps
other combinations of solvents can be
developed for other purposes. The
distribution ratio of vitamin D between
90% MeOH and iso-octane was about
0.22, rising to 0.5 at a concentration of
95% MeOH. Thus elution char­
acteristics may be easily varied by
altering the alcohol concentration of the
mobile phase.

The liquid stationary phase was less
amenable to changes. Without iso­
octane, there must be some adsorption
effects, for if methanol in concentrations
of 70% or above was run over Fluoropak
80 powder, the sterols all remained in
the alcohol. However, at 65% methanol
separations between vitamins A and D
were possible, although there was
tailing and the solubilities of sterols in
this concentration of methanol were
poor.

The major advantages of the reversed­
phase system described above are:
the inert stationary support which does
not decompose or otherwise contribute
impurities to the eluates; use of solvents
which are available in pure form at low

cost and which are transparent in the
visible and u.v. regions allowing direct
absorbance measurements without
evaporation or further purification;
and use of solvents which are com­
pletely and readily volatile, facilitating
the application of liquid scintillation
counting or other analytical techniques
to column eluates.

A disadvantage which may arise in
attempting to chromatograph larg'e
amounts of crude extract is the necessity
of dissolving the 'material in 90C;;
methanol. Some extracts are rathe.r
poorly soluble in this solvent and may
require preliminary purifications before
running on Fluoropak 80.
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A High-Temperature Inlet Manifold for Coupling a
Gas Chromatograph to the Time-of-Flight
Mass Spectrometer

DWIGHT O. MILLER

Research and Development Division, Organic Chemicals Department, Jackson Laboratory, E. I. du Pont de Nemours & Co.,
Wilmington, Del.

~ The usefulness of the gas chroma­
tograph time-of-flight mass spectrom­
eter is to a very great extent a function
of the inlet system used to couple the
two units. This paper describes an
inlet system which was designed for
applications to higher boiling materials,
capable of sustained operation at
200 0 C. and intermittent operation
up to 250 0 C. Internal volume of
the manifold has been reduced to a
minimum to provide resolution in the
time-of-flight (TOF) manifold equiva­
lent to the gas chromatograph (GC)
resolution. Construction materials are
of stainless steel and quick-acting
toggle valves are employed. The
valves are of bolted bonnet design and
any part may be repaired or replaced
without removing the valve body. The
entire manifold is enclosed in an oven
with an adjustable temperature con­
trol. The system has been used
successfully for materials boiling from
-1280 to 314 0 C. and with concen­
trations in the p.p.m. range.

T HE COMBINATION of the Bendix
time-of-flight mass spectrometer

with the gas chromatograph has proved
to be an extremely useful and versatile
qualitative tool. Two general schemes
have been used to couple the two to­
gethel'-that is to take the GC efHuent
at or slightly above atmospheric pres­
sure and introduce it into the TOF mass
spectrometer which is under a pressure
of 1O--e to 10-1 mm. of Hg. The first
method proposed by Gohlke (£) in
1959 made use of a single leak which
passed a fraction of the GC efHuent
continuously ~into ~the mass spectrom­
eter and photographic recording of the
spectra as they appeared on the oscillo­
scope screen. Ebert (1) used the more
sophisticated analog output system for
presentation of spectra and trapped
sections of the GC efHuent and then
allowed the material to leak into the
mass spectrometer.

We have used the second approach
since the trapping technique allows one
to obtain a higher quality spectrum and
for very small components in a mixture,
enhances the sensitivity. However,

work with the Ebert manifold (1)
demonstrated several design deficiencies.
The large internal volume seriously
degraded the resolution of the GC and
lowered the sensitivity and resolution
of the unit for the detection and identi­
fication of trace materials. The
solenoid valves could not be maintained
in a leak-free condition. The use of
heating tape for temperature control
resulted in local overheating and
generally poor temperature regulation.
The use of copper and brass as materials
of construction resulted in corrosion.
Accessibility of the constituent parts of
the manifold for repair or replacement
was poor. The maximum permissible
temperature was approximately 1500 C.

Because of the limited usefulness of
the manifold described by Ebert (1), an
inlet system for the Go.TOF unit which
avoids the objections raised above was
designed.

Design Considerations. Compo-
nents constituting 0.1% or more of
the sample can be passed directly
into the mass spectrometer through a
leak valve, but for components in
smaller concentrations, the sample is
so diluted with the helium carrier gas
that a usable spectrum can be ob­
tained only at the expense of the
vacuum system. To circumvent this
problem, the sample can be condensed
with liquid nitrogen and the helium
removed with an auxiliary vacuum
system. On the basis of the above
considerations, a trapping system must
contain a minimum of two traps to be
efficient, a direct-run trap and a cold
trap.

Because of the desirability of ob­
taining a spectrum of every component
as it emerges from the GC and thus
avoiding time-consuming repeat runs,
the addition of more traps seeIllS advis­
able; however, there are several factors
which completely negate any advantage
of additional traps, Spectra can be
obtained with the direct-run trap in less
than one minute; consequently, more
than one direct-run trap is of very
limited usefulneBl! and introduces larger
maintenance problems. Furthermore,
as a manifold increases in size and
complexity, diffusion of the GC efHuent

markedly decreases the resolution avail­
able at the TOF mass spectrometer.
The cold trap which is used for minor
constituents must be located near the
GC outlet as any diffusion of the small
peaks results in loss of resolution. If a
second cold trap is added, the sample
must pass through two three-way valves
before entering the trap, and as a result
this trap is useful only for clearly
resolved components. In work with
higher boiling materials, the limiting
factor with respect to the speed with
which spectra can be obtained is the
pumping speed of the mass spectrometer
vacuum system and the over-all speed
is not materially increased with more
than two traps.

Maximum retention of the GC res­
olution is of paramount importance in
the construction of an inlet manifold
system; this requires connections of
minimum internal volume. A second
advantage of minimizing the internal
volume of the manifold is the reduction
of clean-up time of a trap after a sample
has been trapped and its spectrum
obtained.

The speed with which components
emerge from the GC dictates the use of
quick-acting valves which, in turn, must
be capable of operation in an environ­
ment of at least 2000 C. The mass
spectrometer leak valves must also be of
quick-acting design, and those de­
scribed by Ebert (1) are satisfactory.

The applicability of mass spectros­
copy is most severely limited by com­
pounds having low vapor pressure as it
is necessary to introduce the sample into
the mass spectrometer as a vapor.
Heating the inlet manifold will extend
the range of the system; consequently,
an oven was designed to maintain the
inlet manifold at the desired tempera­
ture. The valves do not touch the
oven, but are heated by radiation and
convection.

The materials of construction were
principally stainless steel and Teflon
(E. 1. du Pont de Nemours & Co.)
TFE-fluorocarbon resin. The Teflon
was confined to valve seats and gaskets.
The area of Teflon fluorocarbon exposed
directly to the mass spectrometer
vacuum was extremely small (in the
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Figure 1. Schematic showing layout of inlet manifold
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Figore 2. Photograph of entire GC·TOF system

order of 2 to 3 square mm.), and no
decompositi,)n products were noted in
the mass spectrometer background.
Copper and brass were rigorously ex­
cluded except for use in the exhaust line.

The cold trap must be heated after
the helium is removed to increase the
vapor pressure of the trapped con­
stituent. Direct resistive heating was
found to be rapid and convenient.

Sample Input System. The sample
input sys\;em is designed so that a
portion of the GC effluent can be
isolated and then passed through a
leak valvl~ into the TOF mass spec­
trometer where its spectrum can be
btained. The leak valves are iden­

tical to those described by Ebert (1).
The three-way valves are George W.
Dahl Deroi valves, code number SBT,
constructed of stainless steel and with
Teflon fluorocarbon seats for vacuum
service. The valve ports were modified
by the supplier so that the outlets were
180° and 90° from the inlet. The two­
way valves were also supplied by the
Dahl Company and are code number
HIB. These are block values with an
internal "tee." All of these valves are
equipped. with toggle actuation and are
fabricated for panel mounting. The
valves contained I/rinch female NPT
connections, and plugs were machined
to completely fill the connections. The
plugs were drilled with a 0.065-inch
hole and connections were made be­
tween valves with lis-inch stainless
steel tubing of the same i.d. The
joints were silver soldered.

The block valve, which controls the
vacuum to the cold trap, is a modifica­
tion of a standard Hoke high-tempera­
ture solenoid valve (series 90, normally
closed). The valve body was drilled
up through the seat so that a I/rinch
o.d. st&.inless steel tube could be inserted
and silver soldered in place. A new
valve seat was formed from the project­
ing tip of the lis-inch tubing. What
had been the original outlet side of the
valve body was milled off and plugged.
This modification resulted in a signifi­
cant reduction of the cold trap volume.
The pressure differential across this
valve is small enough so that leakage
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presents no problem. The actuating
coil was placed outside the oven to
protect it from overheating. The entire
manifold was mounted on a Transite
board with the valve handles protruding
through the front.

An aluminum box was fabricated to
enclose the valve bodies and two 250­
watt strip heaters were attached to the
box. The output of these heaters is
controlled by a Fenwal thermoregulator,
Number 17002. The leak valve adjust­
ments protrude through the back of the
oven for convenience of adjustment,
and access to the Fenwal temperature
adjustment is provided. At 200° C.,
the temperature of the manifold was
monitored at several points and a
maximum temperature variation of
10° C. was observed.

To reduce the time required for cold
trapping, the trap was constructed of
thin-wall stainless steel tubing, the
inner tube was 15 gauge with an Ld. of
0.054-inch and the outer tube was 3/16­

inch o.d. Means were devised to heat
the trap by direct resistive heating.
The output of a low-voltage, high­
current transformer was attached to the
ends of the trap and a toggle switch
(spring-loaded in the off position) was
installed in the 115-volt line to the
transformer primary. The secondary
leads are 12-gauge copper wire; how­
ever, these were attached to the trap
with short lengths of 2O-gauge copper
wire. The 2D-gauge connections pre­
vent the electrical leads from acting
as heat sinks after the trap has been
heated.

This heating system allows a com­
plete cold trapping cycle (trap evacu­
ated, condense sample, pump off helium,
warm trap, obtain spectrum, and pump
out trap) to be completed in approxi­
mately 2 minutes for volatile material.
The trap can be heated from -190°
to 50° C. in 10 seconds with a 60­
ampere current at 2.5 volts.

Figure 1 is a schematic of the mani­
fold viewed from the back. The GC
effluent enters the manifold at the three­
way valve A by means of a 15-gauge
O.OM-inch Ld. stainless steel tube.
From A, the flow can be directed
through the cold trap and out through
C to exhaust. Alternately, the flow

can be direct to A', where if. can be
routed through the direct run trap or
directly to exhaust. The leak valves
(B and B') are modified so that they
are open to flow-through regardless of
the position of the valve stem.

In operation, the cold trap is normally
kept closed and evacuated; when it is
desirable to trap a small fra(:tion, the
trap is cooled with liquid nitrogen,
valve A is positioned so that flow is
directed into the trap just as the peak
emerges from the GC detector, as in­
dicated by the GC recorder. After
a slight delay, valve C is opened and the
effluent is allowed to flow through the
cold trap to exhaust. When sufficient
material has been collected, the trap is
closed by means of valves A .and C, the
helium is pumped off through D, D is
closed, the trap is heated,. and the
sample is passed into the mass spectrom­
eter through the leak valve B. The
delay in opening C allows a small
positive pressure to build up in the
trap and thus prevents material from
being pulled from the exhaust line
back into the trap. Cleanup is accom­
plished by heat and vacuum.

For large fractions, the effluent is
routed from A to A' and thence to C'
and then to exhaust. As the peak
reaches a maximum, A' ;3.nd C' are
closed and the sample admitted directly
through B' to the mass spectrometer.
After a satisfactory spectrum has been
obtained, the trap is cleaned by purging
with the GC effluent.

Figure 2 shows the entire GC-TOF
unit with accessory equipment and the
inlet manifold in place. The connec­
tion from the GC detector is visible at
the lower left of the inlet manifold.

CONCLUSION

A high-temperature inlet manifold
has been described for coupling a gas
chromatograph to the time-of-flight
mass spectrometer. The system has
been in daily use for over a year and has
been used for the identification of un­
known materials on a routine basis
during this time. Applications have
covered materials boiling from -128°



to over 3000 C. With high-temperature
operation, thermal decomposition is a
problem; however, compounds which
have sufficient thermal stability to
permit separation by GC do not
generally decompose in the inlet system.
Spectra of volatile material at the 5 to
10 p.p.m. concentration can readily be
obtained using the conventional 20- to
50-jLl. GC sample. The minimum
volume design of the manifold gives

resolution in the manifold comparable
to that indicated by the GC detector.

Constant usage has demonstrated
that the inlet system is free of main­
tenance problems and is applicable to a
large number of organic materials.
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Gas Chromatography of Aqueous Solutions.
Determination of Hydrocarbons and Halocarbons

EMMETT S. JACOBS

Jackson Laboratory, E. I. du Pont de Nemours and Co., P. O. Box 525, WillJ1ington 99, Del.

~ The interference from water in the
gas chromatographic analysis of
aqueous solutions of hydrocarbons or
halocarbons can be avoided by use of
a precolumn which completely removes
the water without absorbing these
organic compounds. A column con­
taining a mixture of nine parts of
phosphorus pentoxide and one part of
Desicote- and Siliclad-treated fire­
brick can be used to analyze over 50
successive 1O-J.d. samples.

GAS CHROMATOGRAPHIC ANALYSES

of aqueous organic solutions are
usually hampered seriously by the large
tailing of the water peak. This situa­
tion can be overcome by using a detector
such as the hydrogen flame which is
relatively insensitive to the presence of
water vapor (3). However, there are
times when this type of equipment is
not available or cannot be used, either
because of the potential hazard or be­
cause it is necessary to determine other
components such as CO, CO2, N2, O2,

and N20 which are not detected by the
hydrogen flame detector.

Aqueous organic solutions can best
be analyzed by gas chromatography
when the water is removed by absorption
or by reaction with a material to pro­
duce a more volatile and easily eluted
gas. Kung, Whitney, and Cavagnol (2)
have used a precolumn of calcium
carbide to convert the water vapor to
acetylene. The disadvantage of this
technique lies in the possibility that
the acetylene will mask other com­
ponents in the solution.

Drying agents normally used in ana­
lytical chemistry have not been em­
ployed for the absorption of water in­
jected into a gas chromatograph, prob­
ably because most of them are not
efficient enough to remove all the water.

Phosphorus pentoxide, however, is an
excellent drying agent and experiments
in this laboratory have shown that a
precolumn of this material is capable of
absorbing all the water contained in
microliter samples injected into a gas
chromatograph.

In the preparation of the absorption
column described, the essential feature
is the use of a special silicone-coated
firebrick as an inert granular support
for the powdered phosphorus pentoxide.
Using a precolumn of this mixture to
absorb water before it enters the par­
tition column extends the life of the
partition column, reveals components
masked by the water peak, shortens the
analysis time, and allows use of more
specific partition columns for resolving
the dissolved components.

EXPERIMENTAL

Apparatus. An F&M Scientific
Corp., Model 119C, gas chroma­
tograph, equipped with a' 100,000­
ohm thermistor detector and a stainless
steel preheater was used in all anal­
yses. The detector signal was sup­
plied to a I-mv. Brown recorder.
All columns were prepared from 0.25­
inch o.d. copper tubing and the
connections were made with Swagelok
fittings (Crawford Fitting Co., 8811
East 140th St., Cleveland 10, Ohio).

Gas Chromatograph Conditions.
The gas chromatograph columns were
composed of two parts: A, water
absorption column; and B, partition
column. The two columns were con­
nected in series in the order A-B with
the preheater attached to the water
absorption column and the partition
column attached to the detector.
The preheater was maintained at
2000 C. while the columns and detector
cell were operated at 400 C. The flow
of carrier gas, helium, was maintained
at a rate of 40 ml. per minute.

Preparation of Phosphorus Pent­
oxide Absorption Column. The phos­
phorus pentoxide absorption column
was prepared by packing a 16-inch
length of copper tubing with a mixture
of nine parts of phosphorus pentoxide
powder and one part of 60- to 80-mesh
firebrick which had been coated with
Desicote (Beckman Instruments, Inc.,
Catalog No. 18772) and Siliclad (Clay­
Adams Inc., Catalog No. J-600).

The firebrick used in the water
abso~ption column was prepared by
treatmg 200 grams of 60- to 80-mesh
firebrick (F&M Scientific Corp.) with
50 ml. of Desicote. After this mixture
was rolled for 2 hours, it was transferred
to a Buchner funnel and washed with
200-ml. portions of acetone until the
acetone filtrate was colorless. This
treated firebrick was air-dried by suction
on the Buchner funnel for one-half hour
and then it was dried overnight in an
oven at 1000 C.

The Desicote-treated firebrick was
mixed with 600 mI. of water containing
40 ml. of Siliclad solution in a similar
manner with the exception that the
treated firebrick was washed twice with
water in place of acetone.

One gram of the Desicote- and Sili­
clad-treated firebrick was mixed with 9
grams of phosphorus pentoxide powder
in a tightly capped 20-ml. capacity vial.
A polyethylene funnel was attached
by Tygon tubing to one end of a 16-inch
length of copper tubing; the other end
of the copper tubing was plugged with
borosilicate glass wool and capped with
a rubber septum. The vial was shaken
for about 3 minutes, or until the fire­
brick and phosphorus pentoxide powder
were thoroughly mixed. It was then
uncapped and quickly inverted in the
funnel. While the vial was held tightly
in the funnel, the column was vibrated
with a small vibrating tool. The flow
of material from the funnel into the
column was observed through the clear
Tygon tubiJig.

The packing of a 16"inch length of
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Table I. Performance of Phosphorus Pentoxide Absorption Columns with Various
Supports
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Figure 2. Chromatogram of aqueou!>
organic solution after injection of
0.53 mi. of water

Column: A. PtO. a bsorptian precolumn
B. DC-710 oil partition column

Co!.temp.. 40° C.
Detector: 1OO,OOO-ahm thermistor
He flow rate: 40 ml. per minute
Sample: 1O-J.d. aqueous solution

caused an increase in the noise signal
until it completely obscured the signal
due to the halopropane. The break­
through volume of an absorption col­
umn was arbitrarily set at the amount
of water absorbed before the noise
fluctuations became equal to the signal
from 10-8 gram of halopropane (100
p.p.m. in a 1O-1l1. sample).

The concentrations of absorbent,
phosphorus pentoxide, and support
shown in Table I represent the optimum
combination for each support material
to give the maximum breakthrough
volume. Higher temperatures and
greater carrier gas flow rates did not
appreciably affect this volume. Greater
column lengths also failed to increase
the absorption capacity. While columns
with diameters greater than 0.25 ineh
were not tested, it is very probable tha.t
they would give an increased break­
through volume.

The Siliclad- and Desicote-treated
firebrick was chosen as the inert support
since the results, as given in Table I,
clearly indicated that it has the best
combination of absorber capacity and
ease of packing. An absorption column
(1/. inch X 16 inches) containing (;.7
grams of phosphorus pentoxide had a
breakthrough volume of 0.53 gram of
water. This is equivalent to a 37.5%
conversion of PIOI to HaPO.. Approxi­
mately a dozen such columns have been
used with an average breakthrough
volume of 0.53 ± 0.03 ml. of water.

Figure 1 shows a typical chromato­
gram of an aqueous solution containing
100 p.p.m. of halopropane after inject­
ing 52 successive 1O-1ll. samples. The
standard deviation for this analysis is
1 p.p.m. Figure 2 shows a chromato­
gram obtained from the same column
after the 53rd sample was injected. The
noise level from the gas flow disturbance

Comment
Absorbed halopropane
Easy to pack
Easy to pack

Break­
through
volume,
ml. H 20

0.30
0.40
0.40

and it caused the retention times of
organic compounds to change as water
was absorbed.

Comparison of Inert Supports.
Various inert support materials were
mixed with phosphorus pentoxide
powder in an effort to find a mixture
which would not clog the column.
The various materials which were
tested are listed in Table I. Each
of the absorbent mixtures was packed
in a 16-inch length of copper tubing in
the same manner as that described for
the Siliclad- and Desicote-treated fire­
brick. The absorption columns were
tested under identical gas chroma­
tographic conditions by serially inject­
ing 1O-1l1. samples of an aqueous solution
containing 0.4% of halopropane (3­
bromo-I,1,2,2-tetrafluoropropane; b.p.
74° C.).

RESULTS AND DISCUSSION

While there are a number of materials
classified as drying agents, only those
which could be packed in a gas chroma­
tograph column and remain stable at
elevated temperatures were considered.
Phosphorus pentoxide was the only
desiccant tested which completely ab­
sorbed the water injected into a glass
chromatograph without absorbing halo­
propane.

However, phosphorus pentoxide is
such a good desiccant that it was very
difficult to pack the powder in a 0.25­
inch o.d. gas chromatograph column.
An even more serious problem occurred
after the injection of approximately
0.05 ml. of water. The absorption of
water by the phosphorus pentoxide
turned the powder into a viscous liquid
(phosphoric acid) which clogged the
column and rendered the column use­
less for further analyses.

An inert material was mixed with the
phosphorus pentoxide to prevent the
absorption column from clogging. How­
ever, even with the use of an inert ma­
terial as a carrier and diluent the ab­
sorption of water by the phosphorus
pentoxide eventually produced a wet
column which caused gas-flow dis­
turbances. The gas-flow disturbances
in the absorption column caused er­
ratic noise signals. The injection of
more water onto the absorption column

4123
TIME (MINUTES) ----

o

Figure 1. Chromatogram of aqueous
organic solution with fresh absorp­
tioncolumn

Column. A. PIO. absorption precolumn
B. DC-71 0 oil partition column

Cal. temp.: 40° C.
Detector: 1OO,OOO-·ohm thermistor
He flaw rate: 40 mi. per minute
Sample: 10-1£1. aqul.aus solution

AIR

copper tubing was accomplished in
about 3 minutes by means of this tech­
nique. When the packing was com­
plete (approximately half of the ma­
terial in the vial was needed to pack a
16-inch length of eopper tubing), the
open end of the tubing was plugged with
borosilicate glass wool and capped with
a rubber septum. Several such columns
were prepared at one time and stored
until needed.

Partition Colunm. The partition
column used in this investigation was
a 12-inch length of copper tubing
packed with a mixture of 20% (w./w.)
Dow Corning 710 Silicone oil and 80%
(w./w.) 60- to 80-mesh firebrick
which had been coated with Desicote.

Comparison of Desiccants. Silica
gel, Drierite, Molecular Sieve 5A,
alumina, diglycerol, and phosphorus
pentoxide powder were each packed
in gas chromatog;raph columns and
were tested for their ability to absorb
water from microliter samples of an
aqueous solution injected into the gas
chromatograph. Phosphorus pent­
oxide powder and diglycerol were
the only desiccants which completely
absorbed the water under these condi­
tions. The diglyeerol column had a
very poor water absorbent capacity

w
(/)

z
o
0..
CI)
W
It:

Wt.%
Support material support"

Untreated firebrick, 60- to SO-mesh 10
Desicote-treated firebrick, 60- to SO-mesh 10
Siliclad-treated firebrick, 60- to SO-mesh 10
Siliclad- and Desicote-treated firebrick,

60- to SO-mesh 10 0 .55 Easy to pack
Aebestos fibers 5 0 .60 Very difficult to pack
Asbestos powder, 100 mesh 10 0.40 Absorbed halopl'opane
Glass beads, 60- to SO-mesh 25 0.50 Diffiault to pack

• Phosphorus pentoxide powder comprised the remainder of the column packing.
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has completely obscured the halopro­
pane peak which is represented by the
dotted line.

The aqueous organic solutions can be
easily and quickly analyzed by gas
chromatography when the water is
completely removed by absorption with
a good desiccant. Furthermore, the
desiccant can be used in a gas chroma­
tographic column when it is mixed with
an inert support such as silicone-coated
firebrick.

An absorption column prepared from
phosphorus pentoxide will interfere with

the determination of ethyl alcohol,
ether, and acetone since these com­
ponents are partially absorbed by the
phosphorus pentoxide power. How­
ever, materials such as saturated hydro­
carbons and halogenated hydrocarbons
are not absorbed. by the phosphorus
pentoxide.

An absorption column as described
above has been used to allow the.gas
chromatographic determination of the
solubility of halopropane in water.
Also, a gas chromatographic procedure
using this absorption column has been

developed and is being used for the
direct gas chromatographic determina­
tion of volatile anesthetics in whole
blood (1).
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Analysis of Volatile Inorganic Fluorides by
Gas Liquid Chromatography

ANTHONY G. HAMLIN, GORDON IVESON, and T. ROWLAND PHI~L1PS

Laboratories Division, Technical Department, United Kingdom Atomic Energy Authority, Capenhurst, England

~ Specialized equipment and tech­
niques were needed to apply gas
liquid chromatography to the analysis
of highly reactive, volatile inorganic
fluorides. Poly(trifluoromonochloro­
ethylene) oils (Kel-F) were suitable for
use as stationary phases after chemical
stabilization. Using the equipment de­
veloped, in-line analyses of plant
streams containing uranium hexafluo­
ride, chlorine trifluoride, chlorine, hy­
drogen fluoride, and other reactive
gas have been made. To speed
analysis, a split column chromatograph
has been developed and automated.

THE atomic energy industry, by its
demand for new and unusual

materials, has been responsible for the
development of a number of industrial
processes which involve the handling of
volatile inorganic halides, particularly
fluorides. Probably the most impressive
example is in the production and isotopic
enrichment of uranium hexafluoride.

The analysis of process streams of
these halides for the purposes of develop­
ment or production presents a problem
which is practically insoluble by analyti­
cal methods that depend upon the
chemical reacthity of the gases, since
hydrolysis, which is virtually the only
method of attack, yields the same
products from widely differing molecular
species. In some cases it has proved
possible to devise methods for the
determination of a specific constituent
of a mixture, but for general analysis,
attempts have been made to employ
physical rather than chemical methods.
Vapor pressure measurements, selective
adsorption, fractional distillation, sonic

measurements (6), nuclear magnetic
resonance (1B, B3), mass spectrometry
(1, B), and infrared spectrometry
(16, B6) have all been tried with little or
limited success beca.u.'3e of the chemical
reactivity of the compounds involved.

The advent of gas chromatography,
however, offered the possibility of a
general method of analysis with fewer
restrictions than any ottler method, and
development of the technique for the
analysis of halide mixtures was com­
menced in 1954. This has been success­
ful to the point where reliable, auto­
matic, in-line analyzers have been pro- ..
duced to analyze almost any halide
mixture, and a number of different
aspects of the work baue been reported
(13-16, 17, 18, 24, 26). This report
presents a general account of the
work and describes the techniques
evolved to meet the difficulties of this
application of gas chromatography.

EXPERIMENTAL

Apparatus. GENERAL PROBLEMS.

Because of the reactivity of halides
toward structural materials, mois­
ture, and organic vapors, in all an­
alytical work with these gases there
is continual uncertainty as to the
stability of the sample and, conse­
quently, in the interpretation of
results.

These factors had considerable in­
fluence on the design and operation of a
chromatograph. A high standard of
cleanliness was necessary in its con­
struction, and every effort was made to
keep extraneous materials out of the
apparatus during its subsequent
operation.

No material was found that. was
completely inert to· all possible :com­
binations of inorganic. flllorides; ,ar~

though nickel, Moneljand·a!unUnumj
if suitably ~reated, andPo'yme~ 81i~
as Kel-F (Minnesota- Mining & Mfg.
Co.) and Teflon (E. I. du. Pont 'de
Nemours & Co.) . were reasonablJ
resistant. . ..

To have fabricated all the components
from nickel or Monel would have been
extremely tedious and expensive.
Fortunately, corrosion tests carried out
on commercially available components
of brass or copper protected by Electl'Q"
less (4, 11) nickel plate showed that the
corrosion resistance. imparted by thiS
plate was at least as good as that of pure
nickel.

For experimental purposes, plating
was carried out at 980 ± 10 C. in a
bath of the following composition (grams
per liter): nickel chloride, 21.25;
sodium hypophosphite, 25.85; succinic
acid,8.00; and sodium hydroxide, 3.75;
adjusted to pH 5.5 with sodium hy­
droxide. Deposition was allowed to
continue until the object appeared to
be uniformly plated but was not other­
wise controlled.

Nickel was uSed for all tubing carry­
ing sample gases, joints being made in
one of three ways. .Permanent joints
were made with commercial brass
capillary fittings which were nickel­
plated and hard-soldered with a silver­
zinc solder; joints intended to be
broken occasionally were made with
commercial compression couplings,
nickel-plated except for the soft copper
ferrules; and joints intended to be
broken frequently were made with
nickel-plated, screwed vacuum unions
(Edwards High Vacuum Co., Ltd.) in­
corporating fully trapped, neoprene 0-
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Figure 3 show a system constructed
for automatic operation by pneumati­
cally driven Hoke valves. On test,
this system showed a life in excess of
10,000 operations (18), and has given
satisfactory service installed on in-line
instruments. The system was actuated
by the electrical circuit shown in Figure
2, c. A preset timing unit operates
switch A, which starts the motor
(Drayton Regulator and Instrument
Co., Type R.Q.R., 1 r.p.m.). A cam
within the motor then causes B to
close and when A is subsequently opened
by the timing unit, the motor continues
to run, driving the piston shown in
Figure 2, b, until it returns to its starting
position, when B opens and the motor
stops.

A considerable effort has been made
to simplify the system by the use of
multiway valves. Many types have
been described, but for use with volatile
halides only those that can operate
unIubricated are suitable. In practice,
the choice has been limited to valves of
the type in which a flat plate of Teflon
slides on a flat plate of nickel or Monel
containing the valve ports. No com~

mercial valves of this type have been
found to be vacuum-tight, and specially
manufactured valves based on a com­
mercial design, though initially satis­
factory, failed after a relatively few
operations through galling of the Teflon.

Columns. Initially, no column
packing materials were known that
were resistant to the action of volatile
fluorides, and both a support material
and a stationary phase had to be
found.

For the majority of analyses the
lowest operating temperature for the
column was fixed at about 500 C. to
avoid condensation of uranium hexa­
fluoride. Possible packings were
examined at temperatures between
50° and 100° C. in contact with cWorine
trifluoride diIutedwith an equal volume

Figure 3. Automatic sample introduc­
tion system

SAMPLE IN

I RP.M.
MOTOR

V2 Y4
TO CHROUATOGRA#HIC COLVWN

a. Schematic diagram
b. Pneumatic operator
c. Electrical control

o v,

Figure 2. Automatic sample introduc­
tion system

dry. Itwas found satisfactory to pass
the gas as delivered from a cylinder,
through a tube 4 feet 6 inches in
length and % inch in diameter con­
taining Linde Molecular Sieve 5A
(1/1l>inch pellets). This drier, when
activated by heating at 3250 C. under
vacuum for 3 hours before use, delivered
gas with a moisture content of less than
5 volume parts per minute at a rate of 50
m!. per minute for several months before
requiring regeneration. The column
packing of Kel-F oil on a Kel-F support
abstracts water cumulatively even from
gas as dry as this, and when an ap­
preciable time elapses between analyses
this water must be removed before the
next analysis is attempted.

CARA1f:R

Sample Introduction. The only
form of sample introduction system
that has been found to work effectively
is illustrated diagrammatically in
Figure 1.

By closing valves 2 and 3 and opening
4 and 5, sample flows through. the
sample loop, L. By reversing the pro­
cedure, the sample in L is isolated and
carried on to the column by the carrier
gas. Valve 1 allows carrier gas to be
bypassed to the column while valves 2
and 3 are closed. The dead spaces
between valves 3 and 4, and 2 and 5,
were made very small by the use of
short lengths of capillary tubing for
those connections. The volume of the
sample loop was usually 15 ml.

The choice of valves was restricted,
since they had to be vacuum-tight and
to contain no lubricant or packing.
Bellows-sealed refrigeration valves
(Danfoss Mfg. Co.) have been used
effectively, after nickel plating, for
manual systems but are now unobtain­
able. The more expensive, specialized
valves manufactured by Hoke, Inc.,
Englewood, N. J. (Types M482 and
M484), were very satisfactory for this
application. Figure 2, a and b, and

rings. All these joints gave satisfac­
tory corrosion resistance and vacuum
tightness even after heat cycling be­
tween room temperature and 100° C.
Occasional replacement of the neoprene
rings in the screwed unions was neces­
sary. They hardened slowly by re­
action with the gases diffusing into them
but rarely failed as long as the joint was
undisturbed. Teflon O-rings were not
available during the course of this work.

COlBMN 1--.L...J)<2J-YC><S::l--------J SA~J,.LE

Figure 1. Arrangement of
valves in sample introduction
system

Reasonable freedom from the de­
composition of samples could be assured
only if the internal surfaces of the ap­
paratus were fully fluorinated before u!"e
and carefully prE',~erved from contact
with anything, including atmospheric
moisture, that might destroy the fluoride
film. All assemblies were, therefore,
tested by conventional vacuum tech­
niques. A limiting inleakage rate of 1
centiliter of gas at I-micron pressure per
second (clusec) was permitted for all
components and was found to provide
adequate protection from inleakage of
moisture.

Since no known surface was com­
pletely inert, it was desirable to keep the
elapsed time between withdrawal of a
sample from a system and its analysis
as short as possible and to keep the
surface-to-volume ratio of any enclosure
small. \Vhile it was possible to observe
these precautions to some extent when
samples were taken in prefluorinated
nickel bottles for transport from process
stream to chromatograph, a con­
siderable time was expended in checking
the vacuum standard of connections and
fluorinating interconnecting pipework
before a sample could be drawn from the
plant or transferred to the chromato­
graph. The whole process might take
four or five times as long as the eventual
gas chromatographie analysis and, de­
spite all precautions, the first aliquots
drawn from the sample vessel into the
chromatograph invariably showed
evidence of reaction with traces of
water. The only satisfactory method of
sampling was to connect the chromato­
graph directly into the reaction vessel or
process stream and to use some form of
flow-through system for drawing
samples into the instrument. .

Carrier Gas. Both nitrogen and
helium have been used with success.
Because of the sensitivity of the sam­
ples to water vapor, it is necessary
for the carrier gas to be kept extremely
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A suggestion has recently been made
(21) that column materials of this type
can be classed as monophase gels and
cannot be regarded as completely

T T
INLETS

Figure 4. Katharometer and sens­
ing element holder

O.J40
0.135

0.164

O.4a5
0.2!J0

77.2
40.8

4.21

Sensitivity,
mv. cC./J.lg.

(6)

Nitrogen
10 cc./minute
90° C.

Sample
gas

The present form of the katharometer
is shown in Figure 4.

The sensing element itself consists
of nickel wire 0.001 inch in diameter
and 41

/ 2 inches in length, supported
between stouter p~eces of nickel wire
and tensioned to 5-gram weight by a
small spiral spring of nickel wire 0.003
inch in diameter. All joints between
wires are silver-soldered, and for ease
of assembly and replacement the wires
are supported in holders of I/s-inch-bore
tubing which are a push-fit in the
katharometer block. The life of the
wires in normal use appears to be
indefinite, provided the wire tempera­
tures are not excessive. In practice,
the current through the bridge has
been limited to 200 rna. when nitrogen
carrier gas was used or 300 rna. when
helium was used. The sensitivity of
the det.ector is compared with that of
Gow-Mac katharometers in Table II.

A flame ionization detector has also
been developed for the detection of
volatile halides (25). Though generally
it was more sensitive than the katharom­
eter, it proved to have widely differing
sensitivities for different compounds,
and was particularly insensitive to
hydrogen fluoride. It was also rendered
unserviceable by the passage of uranium
hexafluoride, and was not regarded as
offering any general advantage over
the katharOIIleter, with which it is
compared in Table II.

Table I. Optimum Column and
Operating Conditions

Column support Kel-F 300 low
density mold­
ing powder

Oil Kel-F 40
Loading, oil: support 1: 5
Mesh size of support 178-211 microns
Column length 14 feet

Operating conditions
Carrier gas
Flow rate of gas
Temperature

Carrier
gas

Comparison of Detector Sensitivities

Bridge
current,

mao

Argon Oxygen 20U

Argon Oxygen 150
Argon Oxygen 4.5

Nitrogen CWorine 200
Nitrogen CWorine 200

trifluoride

Argon CWorine
CWorine

trifluoride
Hydrogen

fluoride

Detector

Katharometer
Capenhurst
Gow-Mac tungsten

wire, type 9285
(Jow-NIac thermistor,

type 9677

Capenhurst
Capenhurst

Table II.

analogous to the normal concept of a
coated inert particle. During our tests
of different column materials some sup­
port for this concept was obtained, as it
was discovered that the uncoated sup­
port showed some separative ability for
halogens, but attempts to enhance this
without the addition of liquid polymer
were unsuccessful. However, there is
also evidence that the Halocarbon­
Kel-F powder used as a separating
medium by Lysyj and Newton (21) is
not the same as that used by us, because
the order of elution of the gases HF,
F2, C12, and CIFa is very different.

For general work the column and
operating conditions defined in Table I
have been selected as optimal, though
small variations may be needed for
particular analyses.

With the aim of j educing contact
between the sample and the nickel tube
to the minimum, the columns were
initially packed in fairly wide tubes
(i/,-inch i.d.). These have subse­
quently been reduced to a/I.inch i.d.
and it appears that the effect, if any, of
the nickel wall is not sel ious.

The use of capillary columns of
Teflon or nickel for the analysis of
volatile halides has been tried but the re­
sults were less satisfactory than when
using packed column" (25). Moreover,
the very small samples that are required
for capillary columns increase the
difficulties experienced with the sample
introduction system.

Detectors. The gas density balance
has the great advantage, in working
with reactive materials, that the
sensing elements do not come into
contact with the constituents of the
sample, and a Monel balance pro­
duced by A. J. P. Martin has been
successfully used by Ellis (7- 9) for
analyses of this type. The katharom­
eter detector, however, was considered
to have the advantages of robustness
and simplicity for plant applications,
and has been developed to give a very
satisfactory detector for use with
reactive halides.

Flame ionization
Capenhurst

0·001 in.
WIRE

TEFLON
PLUG

RESIN
SEAL

of nitrogen at atmospheric pressure, and
in contact with pure hydrogen fluoride
at atmospheric pressure. These were
t.he most reactive mixtures likely to be
encountered. Only Kel-F or Teflon
supports, coated with Kel-F oilR, were
sufficiently inert and reversible in their
behavior to be used as packing materials
(17). Of these, Kel-F was chosen as the
support material, since the grade then
available (Kel-F grade 300 low density
molding powder) had a greater capacity
for the liquid phase, absorbing 120% of
its own weight before becoming tacky,
compared with Teflon molding powder
which absorbed only 80%. In some
circumstances the large capacity was
advantageous, but Teflon powder has
been used successfully by Ellis (7- 9).

The two Kel-F oils which were most
suitable were Kel-F 10/200 and Kel-F
40. Though some of the less viscous oils
gave an apparently increased separating
power, their volatility was correspond­
ingly higher, and pronounced bleeding
of the columns limited their effective
life and caused instability in the
detector.

The column packing material was
prepared by reducing the Kel-F powder
to any required range of particle size
by the use of a micro hammer mill
(Glen Greston) followed by sieving.
The powder was freed from metallic
particles and grease by successive ex­
tractions, first with hot 5N hydrochloric
acid, and then, after washing and dry­
ing, with Arcton 113 (Imperial Chemical
Industries, Ltd.). The purified powder
was slurried with a solution of the
liquid phase in Arcton 113 and the
solvent removed by gentle heating with
continuous stirring. The prepared ma­
terial was packed into the column in
the normal manner.
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Figure 6. Close-up of timing system and hot box containing
sample introduction system

CHlORINE
TRIFLUORDE

SAM'LE
IN

VENT SCRUBBER

6

CARRIER 8 7
GAS

Figure 7. Schematic diagram of
complete chromatograph and ancillary
valves

Chromatograms illust;ating typical
progress in conditioning a column are
illustrated in Figure 8. Chromatogram
a was obtained when the column was
partially conditioned and b when it was
fully conditioned. Experience has
shown that, if the sample gas is allowed
to flow continuously through the sample
introduction system, this rarely needs
further conditioning. The column
usually needs to be reconditioned daily

flow of nitrogen before it is allowed to
return to room temperature.

After this treatment, no gas con­
taminated by water or organic vapor
may be allowed to enter the lines unless
the passivation treatment is repeated.

The column must next be freed from
reactive material by using the sample­
introduction system to inject successive
samples of pure chlorine trifluoride at a
pressure of 300 Torr at intervals of a
few minutes. About six samples are
injected and after they have been cleared
from the column, two successive sam­
ples are injected at a suitable interval
of time and the chromatograms ex­
amined. These should consist of a
single large peak and should be identical.
If these conditions are not satisfied,
the above sequence of treatments is
repeated as often as necessary until
this result is achieved.

ing of the column material were also
reduced in this way.

The volume, V, was used when it
was impossible to obtain flow-through
samples. By evacuating this volume it
was possible to sweep a relatively large
volume of gas through the sample line
and to remove products resulting from
reactions with the walls before isolating
the actual sample.

Valves 9 to 12 enabled fluorination of
the lines to the sample connections to
be made after the instrument had been
connected up and enabled chlorine
trifluoride samples to be introduced
into the column for conditioning pur­
poses as described later.

Experimental Procedure. The only
differences required from normal tech­
nique when reactive fluorides are
analyzed are related to the removal of
all reactive material from apparatus
and to problems associated with
absorption.

When the chromatograph is connected
into the reaction or process system,
a vacuum test must be applied to all
the connecting pipework, particularly
on the upstream side of the sample in­
troduction system. The interior sur­
faces of all sample lines and of the
sample introduction system are then
passivated by evacuating the system
and introducing chlorine trifluoride
to a pressure of 300 Torr. This is
allowed to stand at the operating tem­
perature of the system for at least one
hour, or longer if possible, and even­
tually pumped away through a suitable
scrubbing system. A rotary vacuum
pump protected by a scrubber 30 inches
in length and 2 inches in diameter con­
taining granulated calcium chloride and
sodium fluoride, followed by a glass
trap cooled in liquid nitrogen, was
adequate. Traces of explosive /oxy­
halogen compounds accumulate" in the
cold trap, which must be so'a.rranged
that it can be purged of its c,ontents by a

By careful design of the heating :md
insulation of the katharometer it, has
been possible to reduce the spurious
signals due to thermal changes to less
than 2 IlV. at the output of the bridge
and to apply a moderate degree of
amplification to increase the sensitivity.
A Leeds and Northrup amplifier (Type
9835A) matched to a L. and N. Model H
recorder has proved very satisfactory for
this purpose.

Assembly of Chromatograph. The
engineering of 8. robust, transports.ble
in-line analyzer incorporating the
special components detailed above
has been fully described (13). Views of
the complete instrument are shown in
Figures 5 and 6, that in Figure 6 show­
ing the automatic sampling system in its
hotbox with the timing unit above.
The katharometer is contained within
the cylindrical heater that supports the
columns, and this has been made visible
in Figure 5 by removal of the cover
which normally encloses it.

The flow system used is shown in
Figure 7.

Figure 5. Complete chromatogmph

The carrier gas, dried by the Molecu­
lar Sieve column previously described,
enters the apparatus through the pres­
sure-reducing valve, 8. The flow is
then divided equally by control va.lves
6 and 7, half passing through a reference
column, R, and the other half passing
via the sample introduction system
(valves 1 to 5) to the analysis column,
A. Both gas streams then enter the
katharometer and are united before
discharge to the vent. The balaMing
of the gas flows eliminates base line
drift and reduces spurious peaks caused
by fluctuations in the ambient atmo&­
pheric pressure or the carrier gas
supply. Disturbances caused by bleed-
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o. Un.tabilized
b. Stabilized

Figure 8. Chromatograms taken during
stabilization

Figure 9. Calibration graphs

50 60 70

SAMPLE PRIESSURE,('torr}bt
SAMPLE LOOP VOWME1(ISat.)

200 Torr. The gaseous products of
fluorination were pumped away and the
buffer vessel was charged with a mixture
of chlorine (100 Torr) and chlorine tri­
fluoride (300 Torr). The gases were
allowed to mL'< for 1 hour and then
expanded at a rate of 50 to 80 ml. per
minute (at 400 Torr) through the reac­
tion tube, which was heated to 5000 ±
20a C. in an electric tubular furnace.
The product condensed in the first of
the traps, which was cooled in liquid
nitrogen. This trap was warmed in a
mixture of solid carbon dioxide and
trichloroethylene and the chlorine mono­
fluoride distilled into the adjacent trap
which was cooled in liquid nitrogen.
The gas was stable and could be kept
in a well fluorinated vessel for several
weeks.

CHLORIDE DIOXIDE (22, p. 522) (b.p.
+ 11 0 C.). Chlorine dioxide was made
by passing a mixture of chlorine (10%)
and nitrogen (90%) through two nickel
towers (8 inches long and 1/2-inch diam­
eter) packed with sodium chlorite. The
reaction was carried out at room tem­
perature and the product was collected in
a metal sample bottle, which was
initially evacuated. Decomposition
within the bottle was rapid, and con­
secutive chromatograph traces showed
increasing amounts of chlorine and oxy­
gen.

To prevent breakdown on the chro­
matograph column the carrier gas flow
was increased to 120 cc. per minute to
reduce the resistance time within the
column. The best results were ob­
tained by trapping the sample directly
into the sample loop of the chromato­
graph. It was not possible or desirable
to store the samples for any length of
time.

CHLORINE MONOXIDE (22, p. 514)
(b.p. +20 C.). A mixture of nitrogen
and chlorine in equal proportions was
dried by passing it through a bubbler
containing concentrated sulfuric acid
and then passed through a reaction
tower containing dry mercuric oxide
at room temperature. The gas was
subsequently dried again by passing
through a tube of Anhydrone and the
product collected in a glass trap at
-780 C. The product was partially
separated from chlorine by allowing
the trap to warm. slowly and trans-

RESULTS AND DISCUSSION

Calibration. Calibration graphs ob­
tained as described above are shown
in Figure 9. With the exception of
hydrogen fluoride, which shows a
pronounced curve, the graphs are
linear. Experiments showed that in
most mixtures there was no interaction
between the gases which would result
in a change of detector sensitivity,
and that it was valin to equate partial
pressures with the pressures indicated
by the calibration graphs. However, in
some cases, where samples of high
pressure had to be taken if the partial
pressure of a minor component was to
be sufficient for its response to be
measurable, anomalies were observed.
It was then necessary to make a special
calibration using mixtures of approxi­
mately the composition of the gas to be
analyzed. These effects again were
attributed mainly to adsorption and
were particularly noticeable when small
quantities of hydrogen fluoride were
being analyzed.

Hydrogen fluoride was also anoma­
lous. in that it was the only gas of the
group which gave negative peaks when
nitrogen was used as carrier gas.

Preparation of Gases for Calibra­
tion Purposes. The gases of interest
do not form any regular homologous
series, and it is therefore necessary
to obtain a specimen of each gas in
order to calibrate the chromatograph.

In general, bottled gases were used for
calibration, where they were available.
The purity was normally high, and
small corrections for impurity content
could be made by inspection of the
chromatogram. Where the required
gases were not available, recourse was
had to the preparation of specimens.
Mellor (22) provides much information
on the preparation and properties of
these compounds.

Many of the methods of preparation
quoted in the literature were of con­
siderable antiquity and the product>:,
when examined by means of gas chroma­
tography, were found to be grossly im­
pure. However, the use of all-metal ap­
paratus and purification by low
temperature fractional distillation us­
ing vacuum techniques often enabled
samples of sufficient purity to be
obtained. Satisfactory results have
been obtained with the methods de­
scribed briefly below.

CHLORINE MONOFLUORIDE (19; 22,
p. 149) (b.p. -100.1 a C.). A buffer
vessel of 5-liter capacity was connected
through a reaction tube .(2 feet X 1
inch diameter) packed with nickel wire
to three tubular metal traps in series,
each fitted with a Hoke valve. All the
vessels were made from nickel or Monel
and were connected by nickel pipes.
The apparatus was first evacuated, and
then conditioned by introducing chlo­
rine trifluoride to a pressure of 100 to

"

ra)

S 10 IS
TIME (Mlnlltu)

BASE
~lNf:.- --

SAMPLE
INJ£CTED.

by a few samples of chlorine trifluoride,
the process being repeated until identical
traces are obtaineJ.The carrier gas is
always kept running.

Volatile inorganic halides almost all
exhibit strong physical or chemical
sorption on surfael.'s. In gas chromato­
graphic analysis this has the effect of
falsifYing chromatograms until all Fur­
faces' have been brought into sorption
equilibrium with the sample. The net
effect is that thl.' apparent analy"is of the
sample is intermediate between the true
composition and the composition of the
previous sample. For small changes in
sample composition the error is usually
unimportant, and changes in the com­
position of process streams can be
followed without difficulty. For large
changes, however, such as are en­
countered when changing from condi­
tioning the column to analysis, it is.
necessary to pass replicate samples
through the column until consistent re­
sults are obtained.

In calibrating the chromatograph
with pure sub~tances, it is necessary
also to guard against errors arising from
side reactions and from adsorptio!l
effects in the dispensing system. The
dispensing system should be conditioned
with chlorine trifluoride at 300 Torr, and
then equilibrated with a calibration
mixture of similar concentration to that
desired before the final mixture is
introduced. Known preSf'ures of indi­
vidual gases are introduced into the
sample system and the peak heights
observed are plotted as a function of
pressure. When it is required to
calibrate to pres..'iures of less than 10
Torr it is convenient to use a known
mixt~re of the sample gas with carrier
gas.
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exception being hydrogen fluoride.
With the colurrm materials available
there was considerable congestion
among the species with short retention
times. Moreover the colurrms were
not as efficient in terms of HETP as
those used for conventional organic
separations (HETP for chlorine = 1 to
1.5 cm.) and overlapping of peaks was
therefore observed. Attempts to im­
prove colurrm performance led to the
statistical investigation of the column
(24).

In general, the chromatographic be­
havior of gases on these columns was
similar to that of organic gases on
conventional colurrms. However, inter­
actions between some parameters led to
some anomalous behavior. For
example, the usual resort of increasing
column length to increase separation
was shown to be only slightly beneficial.

Fortunately, the most difficult mix­
tures to separate, chlorine oxides and
oxyfluorides in the presence of large
amounts of chlorine and chlorine tri­
fluoride, were rarely encountered.
Qualitative indication of their presence
was possible, but when quantitative
analyses were required under laboratory
conditions, infrared methods were used
(16). The mixtures usually analyzed
consisted of uranium hexafluoride,
chlorine, chlorine trifluoride, hydrogen
fluoride, chlorine monofluoride, and
permanent gases. Of these, only
hydrogen fluoride and chlorine mono­
fluoride were difficult to resolve and if
one or the other was present as a trace,
quantitative estimation of this was
difficult.

Hydrogen fluoride was anomalous in
many respects. In addition to a thermal
conductivity greater than that of
nitrogen, it did not conform with the
usual elution order, its calibration curve
was nonlinear, and considerable tailing
of the peak was always experienced.
_!\.n example of a trace obtained from a
sample containing hydrogen fluoride is
shown in Figure 10. Where the main
interest lay in the determination of gases
other than hydrogen fluoride, it was
sometimes possible to remove this gas,
by passing the sample through a tube
packed with sodium fluoride before
admission into the sample loop.

Two explanations for the tailing
phenomenon have been considered­
either that hydrogen bond formation
results in abnormal sorption where the
sorbed species have a wider range of
interaction energies than normally
occur, or that partial separation of an
equilibrium mixture of hydrogen fluoride
polymers is taking place (20). It was
not possible to differentiate between
these postulates. On raising the tem­
perature the tailing of the peak was re­
duced but both theories would indicate
that this was to be expected. The
retention time of the peak maximum

+56.5
+63
+2

+11
+11
-6

-33.7
-46
+19

-100
-144
-188

Boiling
point/sublimation
temperature, °C.

warmed to 50° C. to scavenge remain­
ing traces of fluorine.

The product, a white solid, was con­
densed in a glass trap at liquid nitrogen
temperature. It was then allowed to
evaporate through two scrubbers, the
first containing an aqueous solution of
10% sodium hydroxide and 5% sodium
thiosulfate and the second sodium hy­
droxide pellets. The purified product
was condensed in a chilled trap.

A similar method (3) wherein the po­
tassium chlorate was maintained at
-40° C. did not yield any product.

CHLORYL FLUORIDE (22, p. 183) (b.p.
_6° C.). The apparatus was similar
to that used for the preparation of
percWoryl fluoride. CWorine trifluoride
was passed through the towers contain­
ing potassium cWorate and the product
was condensed without purification in a
nickel sample bottle cooled in liquid
nitrogen. The flow rate was controlled
at 15 to 20 cc. per minute and the tem­
perature of the potassium cWorate not
allowed to exceed 30° C. Chlorine WB.S

the main impurity and could be vapor­
ized at low temperature to yield chloryl
fluoride of 98% purity.

Precision. The precision of repli­
cate measurements depends largely
upon the precision of measurement of
peak height, since integration of peak
area has been little used in this work.
In general, the over-all precision is
better than ±2% expressed as a
relative standard deviation and in
favorable circumstances can reach
±1%.

The chromatographs were extremely
stable, calibration figures obtained over
intervals of 6 months or more lying
within a few per cent of each other.
This stability makes the technique
particularly suitable for process
monitoring or control.

Separations. The retention times
of a' number of halogen compounds
relative to chlorine have been meas­
ured under normal operating con­
ditions and are given in Table III.

The table shows that in general the
retention time is related to the volatility
of the substance concerned, a notable

6.0
2.6
1. 76
1.45
1.45
1.28
1.0
0.85
0.60
0.48
0.40

Not retained

Table III. Retention Times of Halide Gases Relative to Chlorine
Operating conditions. Column temperature, 60 0 C.

Carrier gas, nitrogen at 48 cc./minute
Column length, 14 feet

Relative
retention

time

Figure 10. Chromatograms of mixture
containing hydrogen fluoride

I

,
,,,

SAMPLE
INJECTION

POINT
J.

ferring the bulk of the cWorine to a
colder trap. The product decomposed
rapidly unless precautions were taken
to prevent its exposure to light.

FLUORINE MONOXIDE (22, p. 189)
(b.p. -1440 C.). Fluorine from a
cylinder was bubbled ata rate of 5 cc.
per minute through a continuously
replenished solution of 2% sodium hy­
droxide in water. The gas was then
passed through two traps, the first
chilled, to -780 C. to relnove water and
the second to -190° C. The second
trap was isolated and fluorine and oxy­
gen were removed by evacuation, leav­
ing a pale yellow liquid.

PERCHLORYL FLUORIDIJ (10; 22, p.
183) (b.p. -47.5° C.). Fluorine was
passed through two nickEl towers con­
taining potassium chlorate at a flow rate
of 15 to 20 cc. per minme. The first
tower (1 foot X 1 inch diameter) con­
tained pellets of nickel gauze mixed
with the salt, so that heat generated
by reaetion could be dissipated readily.
Thermo-couples were inserted in the bed
and the gas flow was regulated so
that the temperature was maintained
below flO° C. The second bed con­
tained potassium chlorate only and was

Substance
Uranium hexafluoride
Bromine
Chlorine monoxide
Chlorine trifluoride
Chlorine dioxide
Chloryl fluoride
Chlorine
Perchlorvl fluoride
Hydrogen fluoride
Chlorine monofluoride
Fluorine monoxide
Fluorine
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Figure 12. Chromatograms of samples containing uranium
hexafluoride

After elution of the peak, the valves
were restored to their original states
and the light gases eluted. During this
process the inlet pressure of the carrier
gas remained constant and changes in
the flow of gas through the detector
resulted from the different impedances
to gas flow offered by the two columns.
This caused steps to appear in the base
line signal from the katharometer.
These were partially removed by in­
serting the capillary restriction shown
in the bypass line, and were finally
eliminated by changing the flow through
the reference side by means of valve
PV3, which was operated simultane­
ously with the other valves. Thus the
flow through the needle valve, NVI,
balanced that through the combined
columns, and the flow through NVI and
NV2 balanced that through the short
column only.

An example of the trace obtained with
and without split column operation is
shown in Figure 12. The holdup in the
flow of the light components has no
noticeable effect on their separation,
and the sharpness of the response of the
detector to the uranium hexafluoride is
improved. Mter completion of the
exploratory experiments, the system was
automated so that the timer unit which
caused the sample to be introduced also
actuated the compressed air supply to
the additional pneumatic valves at pre­
determined time intervals after sample
introduction.
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Figure 11. Schematic diagram of split-column
chromatograph

SAMPLE IN PV3

BUFFER VESSEL

varied slightly with the pressure. This
would tend to support the polymer
theory, as the composition of the
equilibrium mixture of polymers would
be expected to change with pressure.

Hypochlorous acid, which could be
shown by infrared methods to be
present always in trace amounts in the
samples of chlorine monoxide used,
never appeared as a separate peak on
the chromatogram. On the introduction
of hypochlorous acid solution into the
chromatograph, the only peak observed
corresponded to that of chlorine
monoxide. It was thus concluded that
the sorptive affinity for water of the
column made it as effective a de­
hydrating agent as the chemical reagents
used in some of the methods of manu­
facture of chlorine monoxide from
hypochlorites.

Rapid Analysis of Mixtures Con­
taining Uranium Hexafluoride. The
comparatively long retention time
of uranium hexafluoride made rapid
analysis of mixtures containing this
gas impossible, particularly if the
separation of the lighter components
had to be maintained. While tem­
perature programming would have
enabled the analyses to be completed
more quickly, the design of the chro­
matograph did not readily lend itself
to modification in this way and rapid
cooling of the columns prior to the
next sample injection would have
been particularly difficult.

The problem was solved by the
division of the column into two sections
of different lengths. The system is
schematically shown in Figure 11.

When the sample was introduced, the
pneumatically operated valve, PVI,
was closed and PV2 opened. Sufficient
time was allowed for all the light com­
ponents to be carried on to the longer
column, while the hexafluoride remained
on the short column. The pneumatic
valves were then simultaneously op­
erated, PVI opening and PV2 closing,
and the uranium hexafluoride was
eluted directly to the katharometer with
no flow through the longer column.
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Separation of Stereoisomers by Column
Fractional Precipitation

WOLFGANG W. SCHULZ:· and WILLIAM C. PURDY

Department of Chemistry, University of Mary/and, College Park, Md.

t> Column fractional precipitation was
successfully employed in sE,parating 1,­
3,5-tri-(4-bromophenyl)benzene from
1,3,5-tri-(3-bromophenyl)benzene, 0,­

p-quaterphenyl from m,p-quaterphenyl,
and in determining the purity of a
tribromodecaphenyl, l,3·di-(2-chloro­
phenyl)-1,3-cyclohexadiene, and 1,3­
di-(3-bromophenyl)benz,ene. Isomeric
steroid mixtures of 5{3-'cndrostan-3a­
01-17-one and 5a-androstan-3a-ol­
17-one and of 3a-hydroxycholestane
and 3{"i-hydroxycholestane were sepa­
rated, but a mixture of 5a-androstan­
3,17-dione and 5[j-androstan-3,17­
dione could not be resolvE,d.

BAKER A!\D WILLIAMS (1) described
a column fractional precipitation

technique which has been successfully
applied to the fractionation of industrial
types of polystyrene of large molecular­
weight distribution and of polymeri' of
narrow distribution. Separation is
achie\"ed by subjecting the polymer,
supported on an inert pa.clcing of micro
glass beads, to a simultaneous tempera­
ture and solvent gradient. A linear
temperature gradient is maintained
along the length of the column and the
percentage of "good" Bolvent in the
initial nonsolvent increases exponen­
tially. At a particular temperature and
solvent composition, the most soluble
molecular-weight species will dissolve
and move down the column to a lower
temperature region where it will again
precipitate. When the solvent com­
position has been sufficiently enriched
with "good" solvent, the precipitate will
redissolve and proceed down the column
in a series of precipitation and dissolu­
tion steps. The materinl will leave the
column as a saturated solution.

In a previous paper, Schulz and

1 Present address, Es~o Research and
Engineering Co., Linden, N. J.
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Purdy (14) derived equations for the
average solvent composition and the
interstitial column volume for a frac­
tional precipitation column of the
Baker and Williams type. This work
shows that column fractional precipita­
tion is not limited to the separation of
polymers, but can be extended to the
separation of other high molecular­
weight organic substances.

EXPERIMENTAL

Reagents and Apparatus. Reagent
grade chemicals were used without
further purification. All polyphenyl
samples were kindly made available
by G. F. Woods of this laboratory.
This steroid samples were provided
by the Division of Biochemistry,
Walter Reed Army Institute of Re­
search. Commercial p-dioxane was
purified by distillation from all-glass
apparatus and was stored in the presence
of sodium (3).

The fractional precipitation appa­
ratus was built in this laboratory and
has been described elsewhere (14).
The temperature gradient of the appa­
ratus was determined to be linear from
0° to 65° C. The measurement of the
solvent gradient has been described in a
previous paper (14).

All absorbance measurements were
made either with a Beckman DK-l or
Model B spectrophotometer.

Procedure. SELECTION OF SOLVENT
SYSTEMS. The choice of the solvent
system depended on preliminary solu­
bility studies and turbidimetric titra­
tions. Approximately 0.1 gram of
the substance under investigation was
dissolved in 5 m!. of good solvent.
Nonsolvent was added with a pipet
until turbidity was observed. The
appearance of the precipitate and the
reversibility of the precipitation process
were noted. Promising solvent sys­
tems were further investigated by
turbidimetric titrations.

Approximately 100 mg. of a single
substance was weighed into a 100-m!.
volumetric flask and diluted with good
solvent. A 10-m!' aliquot of the solu-

tion was transferred to a 250-mI.
Erlenmeyer flask and then equilibrated
in a constant-temperature bath. The
solution was titrated with nonsolvent
from a 50-m!. buret to a visual turbidi­
metric end point. In many cases, the
precipitate was redissolved by an
additional 20 m!. of good solvent and
titrated again. The titrations were run
at temperatures varying by 10-degree
intervals from 10° to 60° C. Plots of
the solvent composition at the turbidi­
metric end point VB. temperature were
constructed. In Figure 1 are shown
the solubility curves of 3a-hydroxy­
cholestane and 3/3-hydroxycholestane as
obtained from these turbidimetric titra­
tions.

FRACTIONATION PROCF.DURF.S. After
preliminary solubility studies in various
solvents and solvent pairs, the p­
dioxane-water system was chosen to
separate 1,3,5-tri-(3-bromophenyl)­
benzene from 1,3,5-tri-(4-bromophenyl)­
benzene, water being the nonsolvent.
AI: 1 mixture of the two isomers was
finely ground and samples ranging from
22 to 57 mg. were mixed with glass
beads and transferred to the column.
The 250-m!. mill.ing vessel was initially
filled with either 33 or 45% p-dioxane
in water and was surrounded by a
heating mantle. Solvent, which was
preheated to 50° C., was delivered to
the column at a rate ranging from 6 to
10 ml./hour. The top of the column
was heated to 63° C. Thirty to 39
fractions were automatically collected.
The fractions were analyzed spectro­
photometrically.

The purity of a tribromodecaphenyl
was investigated in two stages. A
45.7-mg. sample was placed on the
column and treated initially with a
solvent mixture of 45% p-dioxane in
water. Forty fractions were collected.
A second sample of equal size was frac­
tionated with solvent of a starting com­
position of 80% p-dioxane in water.
Thirty-six fractions were collected.
Ultraviolet spectra were obtained on
l-m!. aliquots of each of the fractions.
Similar purity analyses were made for
1,3 - di - (2 - chlorophenyl) - 1,3 - cyclo­
hexadiene and l,3-di-(3-bromophenyl)-
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50 Figure 2. Separation of two isomeric polyphenyls

A. 1,3,5-Tri·(3-bromophenyl)benzene
8. 1,3,5-Tri.(4-bromophenyllbenzene

Because of the rapid discoloration of
the 3,5-dinitrobenzoyl chloride solu­
tion, 50 mg. of the acid chloride was
added directly to the evaporated steroid
fractions, followed by 1 m!. of pyridine.
This variation was applied to fractions
from the fractional precipitation of 3a­
hydroxycholestane.

RESULTS AND DISCUSSION

Fractionation of Polyphenyl Sys­
tems. In contrast to the detailed
spectrum of benzene, the ultraviolet
absorption spectrum of polyphenyls
and halogenated polyphenyls consists
of broad peaks in the range of 210
to 280 m~. The difference between the
spectra of stereoisomeric polyphenyls
often consists only in small wavelength
shifts. However, these shifts are
generally sufficient to study the degree
of separation of mixtures.

The separation of I,3,5-tri-(3-bromo­
phenyl)benzene from I,3,5-tri-(4-bro­
mophenyl)benzene and the distribu­
tion curves of these compounds are
shown in Figure 2. The three fractions
of greatest overlap were analyzed from
the absorbance values at 260.2 and
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initially 40% dioxane, was used for
system (ii) , a mixing volume of 500
ml. and pure water were used for systems
(i) and (iii).

THE ZIMMERMAL'\TN METHOD. The
ketonic steroid fractions were analyzed
by the colorimetric Zimmermann
method (15). This method was modi­
fied for nonketonic saturated steroids,
such as system (ii) (8). Five milliliters
of the fractions were evaporated in
5O-ml. test tubes and heated for 30
seconds in boiling water with 1 ml. of a
freshlyprepared solution of 1.250 grams
of recrystallized 3,5-dinitrobenzoyl chlo­
ride in 25 m!. of reagent-grade pyridine.
Each mixture was quickly transferred
with 25 ml. of benzene to a 60-m!.
separatory funnel and washed suc­
cessively-twice with 10 ml. of IN
hydrochloric acid,t\vice with 10 ml.

'of IN sodium hydroxide, and twice
with water. The benzene was evapo­
rated on a steam bath.

The color was developed by adding 16
drops of technical-grade acetone and 4
drops of a 0.1% ethanolic potassium
hydroxide solution. The mixtures were
allowed to stand for 5 minutes and then
were diluted with ethanol. The ab­
sorbance was measured at 550 m~ and
plotted against tube number.

IIIIII

benzene. Since these latter two sub­
stances are highly viscous liquids, they
could be mixed directly with the glass
beads. A water-n-propanol solvent
system was used in the latter two cases,
with pure water initially in the 250-m!.
mixing vessel. Fractions were analyzed
spectrophotometrically.

Fractionation of a mixture of three
quaterphenyls, o,p (I), m,p (II), and
p,p (III) was investigated with an
initial 10% n-propanol in water in the
250-ml. mixing vessel and a sample size
of 26.4 mg. The three isomers were
present in a weight ratio of o,p:m,p:p,p
= 1:1 :0.25.

A. 3a·Hydroxycholestane
8. 3tl·Hydroxycholestane

Figure 1. Solubility curves from turbi­
dimetric titrations

o 10 20 30 40 50 60
Temperature (oG)

For the fractionation of hormones,
three diastereoiwmeric systems were
chosen:

(i) 5!3-androstan-3a-ol-17-rine
5a-androstan-3a-ol-17-orie

(ii) 3tl-hydroxycholestane
3a-hydroxycholestane

(iii) 5{:J-androtitan-3,17-dione
5a-androstan-3,17-dione

The water-p-dioxarie solvent system
was applicable in each case. While
the 250-ml. mixing vessel, containing

Figure 3. Purity analysis of a tribromodecaphenyl

A. Plot of absorbance at 281.0 mJ£ vo. tube number
8. Plot of absorbance at 260.0 m~ vo. tube number
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Figure 4. Purity analysis of 1,3-di-(3­
bromopheny I)benzene

253.0 m,u. using simultaneous equations.
The absorptivities of the pure sub­
stances at these wavelengths were
determined from spectra of the pure
compounds to be:

11280.'. = 52,360 liters/mole-em.
am.o = 61,370 liters/mole-em.

for 1,3,5-tri-(4-bromophenyl)benzene.
The calculations were not carried to
fractions of smaller overlap, as the error
became so large that the calculated con­
centrations would have been without
significance.

The purity analysis of a tribromo­
deeaphenyl showed the pl'esence of four
major impurities (see Figure 3). The
structure of the tribromodecaphenyl
was believed to be:

must be different compounds because
of their differing solubilities,

The purity analysis of 1,3-di-(3­
bromophenyl)benzene resulted in a
very sharp distribution curve, indicating
the absence of impurities (Figure 4).
The curve represents the typical distri­
bution of a substance which rapidly
establishes equilibrium. A sharp
skewed distribution was generally found
with amorphous substances, such as the
dibromoterphenyl under discussion,
which is a viscous liquid.

The distribution curve for 1,3-di­
(2 - chlorophenyl) - 1,3 - cyclohexadiene,
which is also a liquid and which was
fractionated under the same conditions
as the dibromoterphenyl, was slightly
broader, ranging from fraction 15 to 34,
with an initial small shoulder which may
have been due to the presence of traces
of the monochloro compound, I-phenyl­
3 - (2 - chlorophenyl) - 1,3 - cyclohexa­
diene.

Mixtures of three terphenyls and of
some quaterphenyls have been par­
tially separated by adsorption chro­
matography on various common ad­
sorbants (7), The separation of three
isomeric quaterphenyls (I, II, III) was
investigated by column fractional
precipitation.

From turbidimetric titrations it was
evident that the a,p-isomer (I) was
slightly more soluble than the m,p­
isomer (II) and that the p,p-isomer was
very insoluble, in fact so insoluble that
no definite turbidimetric end points
could be observed from the very dilute.

Separation of two quaterphenyls

A. o,p-Guaterphenyl
8. m,p-Guaterphenyl

Figure 5.

15 17 19 21 23 25 27 29 31 33 35 37 39 41 43
TUbe Number
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This structure gives rise to a spectrum
with a broad maximum at 281.0 mp.
The impurities were discovered from the
spectra of individual fractions and the
relative absorbance values at particular
wavelengths.

The broad peak of the distribution
curve (Figure 3) is due to compound IV,
its fractions having the same spectrum
as the unfractionated material. The
relative height of a peak is not a measure
of the quantity of impurity present,
since one cannot assume equal ab­
sorptivity values for all substances of
the mixture. This has been brought out
in the change of relative peak heights
upon plotting the absorbance at dif­
ferent wavelengths.

The broad peak of the distribution
curve was extrapolated to fractions 17
and 32. The absorbance due to com­
pound IV in these fractions was es­
timated to be equal to one-half of the
absorbance of fraction 25, whieh con­
tained no impurities. By recording the
ultraviolet spectra of fractions 17 and
32 against fraction 25 as a reference
solution, the absorbance due to com­
pound IV in fractions 17 and 32 was
subtracted out. The resulting spectra
proved to be identical, having two
maxima at 257.4 and 228.4 mp and
were, as such, completely different from
previously recorded spectra. Although
the structures of the impurities in
fractions 17 and 32 are not known, one
can assume that both compounds con­
tain the same chromophoric group,
giving rise to identical spectra. They

1

I

J

I

:]

Cla="::,: -r Br
~I

IV

1,3,5-tri-(3-bromophenyl)benzene

11260.2 = 77,130 liters/mole-em.
1126J.O = 65,310 liters/mole-em.
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mermann method proved to be a very
sensitive one, the absorptivity being in
the range of 104 liters/mole-cm. The
absorption spectrum of the resulting
purple solution was characterized by
two absorption peaks at 570.0 and,
510.5 mil. It was the blue component
of the purple color, corresponding to the
absorption at 510.5 mil, which was
absent in the blank, but which was also
the less stable color, that was employed
for the measurements. By controlling
the temperature and time of color
development, reproducible absorbance
values were measured.

The separation of diastereoisomeric
saturated nonketonic steroids is
generally more difficult than the separa­
tion of 17-ketosteroids. Clayton (2)
converted cholestanol and epicholes­
tanol to the corresponding methyl
esters and separated them by gas
chromatography, using a packing of
polyethylene glycol succinate. This
method worked equally well· for the
separation of coprostanol and epico­
prostanoI. However, only retention
times, r, relative to cholestane(r = 1.00)
were reported. It is not clear whether
the reported retention times were
obtained from chromatograms of single
substances or from mixtures:

1.8

1.6

Tube Number

16 18 20' 22 24 26 28 30 32 34

(5) listed relative retention times for
3a-hydroxycholestane (r = 2.42) and
3/3-hydroxycholestane (r = 2.36). A
segmented column packing of silicone
polymer SE-30 and ethylene glycol
isophthalate was used.

A mixture of approximately 1:1
3tl-hydroxycholestane and 3a-hydroxy­
cholestane was resolved into four main
peaks by fractional precipitation. To
determine the origin of the observed
peaks, 3a-hydroxycholestane was
fractionated separately. Two broad
peaks were obtained in the general
region in which the third and fOUJ;th
peaks of the mixture has appeared.
The last two peaks were, therefore, as­
signed to 3a-hydroxycholestane and the
first two to 3/3-hydroxycholestane. It is
most likely that, in addition to the two
cholestane isomers, the mixture con­
tained the corresponding coprostanol
isomers, in which the hydrogen atom at
position C-5 is cis with respect to the
methyl group at C-lO. All four isomers
are products of the reduction of cho­
lesterol to cholestanol (3).

While several sensitive colorimetric
methods exist for the determination of
uns;J,turated and ketonic steroids, no
ready colorimetric method is available
for saturated nonketonic steroids. The
modified or "reverse" Zimmermann
method was used to analyze the
fractions from the cholestanol separa­
tions. Because each fraction had to be
transferred several times and was
subjected to six extractions, the errors
in absorbance readings were expected
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Compound
Cholestanol
Epicholestanol
Coprostanol
Epicoprostanol

A. 5!3-Androslan-3",.
ol-17-one

B. 5",-Aridroslan-3",­
ol-17-one

Figure 6. Sepa­
ration of two ke­
tonic 17-ketoste­
roids

solutions which were employed (0.00067
gram/30 mI.). The separation of
o,p-quaterphenyl from m,p-quater­
phenyl is shown in Figure 5. The peaks
are broad and slightly irregular in their
ascending portions. The composition
of overlapping fractions was calculated
by using absorbance ratios at the two
wavelengths of 265 and 248 mil.

The p,p-quaterphenyl was not notice­
ably eluted when the run was ter­
minated at fraction 51. It could be re­
moved from the column only through
prolonged washing with n-propanoI.

Fractionation of Steroid Systems.
The application of column and paper
chromatography (6, 9,13) to the separa­
tion of synthetic and naturally occurring
steroid mixtures has been very success­
ful and contributed much to recent
advances in the field of steroid research.
During the last three years, with the
availability of new column packings,
such as methylsilicone gums, polyesters,
and fluorinated alkylsilicones (2, 10, 16),
gas chromatography has become a
promising tool not only to separate
various families of steroids but also
diastereoisomers. Sometimes the sep­
aration of steroids is accompanied by
decomposition, for example the de­
composition of corticosteroids to 17­
ketosteroids (17).

From gas chromatograms of di­
astereoisomeric steroids it has been
found that the 5/3-compound, having
the cis-configuration, is always eluted
ahead of the 5a-compound and that the
degree of separation is influenced by the
substituent at position C-3 (10). While
hydroxyl and carbonyl groups in
position C-3 affect the resolution equally
well, an ester group causes a marked in­
crease in resolution (10).

5/3-Androstan-3a-ol-17-one has been
separated from 5a-androstan-3a-ol-17­
one by countercurrent extraction (13),
by gradient elution from alumina (11), by
paper chromatography (12), and by gas
chromatography (.~). The separation
of these isomers by fractional precipita­
tion is shown in Figure 6, and was ac­
complished with p-dioxane-water, water
being the nonsolvent. The total sample
of 60.0 mg. contained 7.8 mg. of the
cis-isomer. Because a very small
amount of the cis-isomer was available,
turbidimetric titrations were performed
only on the trans-isomer. These titra­
tions indicated that the steroid was
quite soluble in p-dioxane and slightly
soluble in water. Consequently, the
large 500-mI. mixing vessel was selected
and filled with pure water. On the
basis of relative areas under the peaks,
the first peak was assigned to the cis­
compound, 5/3-androstan-3a-ol-17-one.
The cis-compound preceding the trans­
isomer is in agreement with data from
gas chromatography.

The colorimetric determination of
ketonic steroid fractions by the Zim-
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to be high. This was confirmed by the
large amount of scatter of the points
and the large variations in absorbance
values of the blank which ranged from
0.05 to 0.30.

A steroid mixture consisting of
5a-androstan-3,17-dione and 5fJ-andros­
tan-3,17-dione could not be resolved.
The fractionation of two mixtures with
sample sizes of 33 and 57' mg. resulted in
single broad peaks, strettlhing over tubes
No. 10 to 25 and No. 10 to 29, respec­
tively. Gradient elution from alumina
also failed to separate this mixture
(11). Knights and Thomas (10) list
relative retention times of r = 4.31 for
the cis-isomer and r == 4.72 for the
trans-isomer.

The presence of the carbonyl group in
position C-3 introduces a certain amount
of strain into the cy<:lohexane ring,
which will also affeet; the relative
position of the hydrogen atom in
position C-5 and its interaetions with
neighboring atoms and bonds. One
would expect that the difference in these

interactions between the cis- and
trans-isomers, on which basis they can
only be separated, to be diminished.
Apparently, this difference has become
so small that the isomers cannot be
separated by fractional precipitation
under the conditions employed.
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Radiochemical Determination of Cerium
by Solvent Extraction Method

M. A. AWWAl1

Radiochemistry Division, Atomic Energy Centre, P.O. Box No. 658, lahore, Pakistan

t> An efficient 1'0 diochemica I method
for the determination of cerium(lll)
has been developed based on the
principle of the synergic effect in solvent
extraction with 2-thenoyltrifluoroace­
tone and tri-n-butyl ph',sphate. The
mixed solvents enhanced the extraction
by 103-fold over either of the com­
ponents alone. The extraction pro­
cedure provides a clean and efficient
separation of radiocerium from other
fission products. This method is par­
ticularly suitable for the separation
of cerium from solutions of fission
product mixtures a year or more out
of the reactor.

T HE radiochemical procedures (2, 3.
5, 10, 11, 13) for determination of

cerium in fission product mixtures are
either based on the repeated eerie iodate
precipitation method or solvent extrac­
tion methods. Separation by the
precipitation method (2) is tedious and
time consuming. A radiochemical
method developed by Clendenin (5)
using 4-methyl-2-pentanone (hexone)
requires handling a mixture of an
organie solvent and strong nitric acid
which can be hazardous. The procedure
of Smith and Moore (13) for separation
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of radiocerium by extraction with 2­
thenoyltrifluoroacetone (TTA) in xylene
from IN sulfuric acid calls for a chemical
yield determination by standard
methods. Recent work by McCown
and Larsen (J 1) showed that eerium is
well extracted with di-2-ethyl hexyl
phosphoric acid from ION nitric acid
solution. In this method a small
amount of ruthenium is coextracted
with cerium and removed by fuming
with perchloric acid. Butler and
Ketchen (3) developed the method for
the separation of multicurie amounts of
cerium and yttrium from fission product
mixtures which were relatively free of
strontium-90, zirconium-95-niobium­
95, cesium-137, technetium-99 and, in
particular, to ruthenium-106. The most
recent work by Marsh and Maeck (10)
showed that radiocerium extracts as the
tetra-n-propylammonium nitratocerate
ion-association complex into nitro­
ethane from strong nitric acid solution.
The formation of solid phase in the
liquid-liquid extraction seems to be a
disadvantageous step in this method.

The present work was undertaken to
develop a solvent extraction method for
radiocerium based on the synergic
effect in solvent extraction of mixed
solvents as predicted by Irving and

Edgington (9). Healy (8) observed
that di-, tri-, and tetravalent metal ions
showed synergistic extraction. In the
present procedure, cerium(III) showed
extraction improved by 103-fold with
mixed 'ITA and TBP in benzene from
nitric acid solutions of pH 2.90.
Cerium(IV) was reduced with a drop of
hydrogen peroxide and after adj ustin/!;
the pH of the solution by the addition of
O.02N sodium hydroxide, was extracted
with equal volumes of O.2M TTA and
O.5M TBP (1: 1) mixture in benzene.
Cerium was back-extracted into an
aqueous phase with an aqueous nitric
acid solution of pH 0.80. The cerium
was obtained in good yield of satis­
factory radiochemical purity.

EXPERIMENTAL

Reagents. Tri-n-butyl phosphate
(lO-3M to l.OM); 2-thenoyltrifiuoro­
acetone (l0-3M to l.O.M); benzene;
dilute and concentrated nitric acid;
sodium hydroxide (0.02N); hydrogen
peroxide; and cerium carrier 5 mg. per

1 Present address, Department of Nu­
clear and Radiation Chemistry, The Uni­
versity of New South Wales, P. O. Box,
1, Kensington, Sydney, Australia.



Table I. Extraction Coefficients of
Trivalent Cerium-144 Tracer as Func­
tion of Varying ITA Concentration at

Constant 1.0M TBP and pH 2.90

TTA, M Kd

0.50 10.7
0.20 10.1
0.10 9.8
0.05 4.7
0.01 0.12

Table II. Extraction Coefficients of
Trivalent Cerium Tracer-144 as Func­
tion of TBP Concentrations at Constant

0.2M ITA and pH 2.90

TBP, M Kd

1.0 10.1
0.50 10.4
0.20 7.9
0.10 5.4
0.01 0.0165l,

o

o

P 1 mg. Cel mi. Ce-144.

o Carrier-free Ce-144.

o
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Figure 1. Effect of pH on extraction of cerium by ITA-TBP
mixtures (1 to 1 by volume) Table III. Coseparation of Heavy

Elements and Other Fission Products

Table IV. Comparison of the Solvent
Extraction Method with the Ceric

Iodate Precipitation Method

Counts in 1 roI. (f3) fission
product, X 106 c.p.ro.

Precipitation So]v-e-n"7't--
method extraction method

Per cent
Per cent back-

Element extraction extraction
U OSS 99.9
Np 99.0
Pu 99.0
ThIU 98.9 32.5
Ru t06 0.47 0.28
Zr96-Nb95 12.1 0.006

cosepamtion of these elements by using
the following radioactive tracer, zir­
conium-95--niobium-95, ruthenium-106,
and thorium-234. The distribution
data of uranium were taken from the
work of Irving (9). Neptunium and
plutonium as actinides will be extracted
by the solvent. The coseparation re­
sults are shown in the Table III.

The data indicate that the separation
from zirconium, niobium, and ru­
thenium is satisfactory. Promethium­
147 and samarium-151 might extract
but the activities will not be detected if

mI., standardized by the method of
Glendenin (5).

Procedure. For extraction studies
the reagent gradc TBP was purified
by distillation (1) and TTA was purified
by recrystallization in benzene. The
synergism in the extraction of cerium
(III) was investigated by extracting
tracer cerium-I44 with varying pro­
portions of TTA and TBP in benzene.
The optimum pH of the aqueous solu­
tion for maximum extraction coefficient
both for carrier-free cerium-I44 and
with carricr at a concentration of 1 mg.
per mI. of cerium was determined with
mixed solvents of 0.2M TTA and 0.5M
TBP in benzene. The extraction coeffi­
cients were found by counting equal
aliquots of organic and aqueous phase
with end-window Geiger-Muller coun­
ters using 46 mg. per sq. cm. of alumi­
num absorber.

Recommended Procedure. Pipet
an aliquot of the sample (total
activity 106 to 107 c.p.m. f3) into a
centrifuge tube containing 5 m!. of
an aqueous nitric arid solution of pH
2.7 to 3.0. Adjust the final pH to 2.90
by 0.02N sodium hydroxide and add 2
drops of 30% hydrogen peroxide.
Transfer to a 50-mI. separatory funnel
containing 5 mI. of 0.5111 TEP and
0.2M TTA in benzene in the ratio of 1: 1
and shake for 15 minutes. Withdraw
the aqueous phase and scrub the organic
phase twice with 5-m!. portions of
nitric acid solution of pH 2.90 together
with 2 drops of 30% hydrogen peroxide.
Discard the aqueous phase. Back­
extract the cerium by shaking the or­
ganic phase with 2 m!. of nitric acid
solution of pH 0.80 for 2 minutes.
Allow praseodymium-144 to grow for
2 hours. Take an aliquot from the
aqueous stripped solution and count
for beta activity using an absorber of
46 mg. per sq. cm. of aluminum.

RESULTS AND DISCUSSION

Tracer cerium was well extracted
between pH 2.60 to 3.40 with the
optimum pH at 2.80 to 3.10. The re­
sults are shown in Figure 1. The
extractions have been studied as a
function of time. The maximum
extraction was obtained after con­
tacting for 15 minutes. Stripping was
completed within 2 minutes after
shaking the organic phase with aqueous
nitric acid of pH 0.80. The effect of
solvent concentrations on the extract­
ability of tracer cerium was determined
and the results are shown in Tables I
and II. Highest extractions were
obtained with 0.5M TTA and 1.0M
TBP at pH 2.90. In the recommended
procedure, the concentration of 0.2M
TTA and 0.5M TBP was chosen since a
higher concentration is likely to con­
taminate the product with zirconium-95
and other fission products.

Carrier cerium did not extract as well
as the tracer cerium. The low extract­
ability may be due to the dimer and other
species (4, 6). Butler (3) observed the
similar effect with' di-2-ethyl hexyl
phosphoric acid extraction of cerium.

Separation from the Other Elements.
The elements with long-lived radio­
isotopes formed in appreciable yield in
fission, and likely to be extracted with
cerium by the mi.xed solvents TTA and
TBP, are yttrium-91, zirconium-95,
niobium-95, ruthenium-I06, prome­
thium-147, and samarium-I51. Other
interfering elements present in fission
product sources are. thorium, uranium,
neptunium, and plutonium. The de­
scribed cerium procedure was tested for

1.74±0.02
1. 7.5 ± 0.04
1.75±0.03
1.74 ± 0.03
1.75 ± 0.05
1.75 ± 0.04
1.75 ± 0.06
1.75 ± 0.04

1. 73± 0.03
1. 78 ± 0.05
1. 76 ± 0.02
1.79 ± 0.04
1.78 ± 0.03
1. 79 ± 0.04
1. 75 ± 0.0:3
1.76 ± 0.06
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an absorber is used. Yttrium-91 does
not coextract to any appreciable extent
as is evident from the comparison of the
procedure with the eerie iodate method
(2) shown in Table IV. This method is
suitable :for fission product mixtures
obtained as waste from processing
plants or irradiated samples from
which actinides have been removed hy
extraction from nitrie acid (7, 12).

Ten aliquots of cerium-144 tracer
solution containing 3.5 X lOS c.p.m. {3
were carried through the extraction pro­
cedure. The average yield for the 10
determinations was 91.2 ± 0.7%
Samples of a one-year-old fission product
mixture were analy.'~ed for cerium by the
extraction procedure described and by
the eerie iodate precipitation method
(2). The results obtained by the two
methods are given in the Table IV and
agree to within 2% for every sample.
Radiochemical purity of the separated
cerium by this procedure was checked
by gamma-ray spectrometry. Less than

1% of the activities present were due to
fission products other than cerium.

The precision of the method was
checked by carrying out 10 replicate
analyses on one-year-old fission product
mixtures. The relative standard devia­
tion was±1.2%. Besides speed and
simplicity, an added advantage of the
procedure is the use of readily available
solvents.
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Fast Paper Chromatography of Different Valence
States of Mercury and Antimony

MOHSIN QURESHI and MUKHTAR A. KHAN

Prince of Wales Chemical Laboratories, Department of Chemistry, Aligarh Muslim University, Aligarh, India

~ A decrease in the separation time
of metals in differing valence states
is effected by use of a suitable solvent
system. A number of solvent systems
are studied for the separatil:>n of
Hg;2_Hg +2 and Sb+3-Sb +5. The
most selective separation of Hg;'­
Hg+' is obtained with a mixture of
HNOa-HCl-isopropanol; Sb'"-Sb+5
separations are efficient in a mixture of
acetic acid--water-ethyl acetate. Rj

values are given for ions which are
likely to interfere in the prcJcedure,
and the phenomenon of double spots is
discussed.

T HE TIME of separation i:3 a par­
ticularly important factor in the

paper chromatographic separation of a
metal in different valence states. If the
separation time is long enough, some
interconversion of valence state may
occur. Also, one of the valenc:e states­
Sb+i in the present case-may be suf­
ficiently reactive to interact slowly with
the paper or the solvent system.
Several techniques may be utilized to
decrease the separation time, including
the use of a higher temperature, cen­
trifugal chromatography, or choice of a
proper solvent system. A higher
temperature may increase the rate of
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interconversion, as well as decrease the
separation time, and centrifugal chro­
matography requires specialized equip­
ment. Therefore, the choice of a
proper solvent system offers the
simplest solution to the problem.

The importance of the study of such
separations has been discussed pre­
viously (1-3). A fast solvent system
(3) was reported for the separation of
Fe +2 and Fe+3. This paper summarizes
recent findings on the separation of dif­
ferent valence states of Hg and Sb.
These separations were reported
earlier by Bighi (1) and Pollard (2).
We could not reproduce Bighi's separa­
tion of Hg2+2 and Hg +2. The separation
of Sb+a and Sb+s, as reported by
Pollard, requires 1 hour, and Sb+5 tails.
Neither Bighi nor Pollard mentions the
selectivity of the separations. There­
fore, we have made a more detailed
study and developed faster and more
selective solvent systems.

EXPERIMENTAL

Apparatus. Development was per­
formed in 20-X 5-cm. glass jars, using
the ascending method. The dimen­
sions of the paper strips were 15 X 4
em.

Reagents. All results were ob­
tained on Whatman No. 1 paper

using reagent grade chemicals. All
solvents were purified by distillation.

Mercury Test Solution. Three grams
of freshly prepared mercurous nitrate
(mercurous nitrate E. Merck, which con­
tains an appreciable quantity of mer­
curic nitrate, was treated with dilute
nitric acid and mercury until colorless
crystals of mercurous nitrate appeared)
were dissolved in 50 ml. of approxi­
mately 3M HNOa• Two grams of
mercuric nitrate were boiled with 5 mi.
of coned. HNOa• Spotting was done
with O.lM solutions. Ammonia gas and
ammonium sulfide were used as
detectors.

Antimony Test Solution. The Sb+3
solution, 0.2M, was prepared as re­
ported earlier (4). The 0.2M SbCla
solution in HCI was boiled with KCIOa,
cooled, and filtered. This was used as
the Sb+s solution. Ammonium sulfide
and H28 gas were used as detectors.
Rhodamine B was used for the detection
of 8b+s only.

RESULTS

To develop suitable methods of
separation, a number of pure solvents
were examined. The results are sum­
marized in Table 1.

Separation of Hg2+2 and Hg+2.
The following solvent systems gave
fast separations of Hg2+2 and Hg+2:
O.lM HCI (81); 15% aqueous am-



Table I. R, Values in Various Solvents

S R, values
No. Solvent Sb+3 Sb+6 Hg+2 Hg2 +2

1 Formic acid 0.50 0.40 0.80 0.00 & 0.80
2 Acetic acid 0.21-0.53 0.70 0.50 O.OOT.
3 Propionic acid 0.30 0.48 0.00,0.60 O.OOT.
4 Butyric acid 0.00 T. 0.20 0.00, 0.20 O.OOT.
5 Ethyl acetate 0.00,0.12 0.00 T. to 0.00 O.OOT.

S.F.
6 Propyl acetate 0.00, 0.20 0.00 T. to 0.00 0.00

S.F.
7 Methyl alcohol O.OOT. 0.71 O.OOT. 0.00 T.
8 Isoamyl alcohol 0.00 0.00,0.90 0.00 T. O.OOT.
9 Allyl alcohol 0.64 T. down 0.64T. 0.00

from S.F. down
10 Dioxane O.OOT. 0.3-0.61 O.OOT. O.OOT.
11 Isopropyl ether 0.00 0.15 0.00 0.00
12 Anisole 0.02 0.05 0.00 0.00
13 Acetone 0.00, 0.20 0.93 0.00 T. to 0.00

S.F.
14 Ethyl methyl ketone 0.00, 0.15 1.00 0.00 0.00
15 Acetyl acetone 0.00, 0.20 0.00 T. to 0.00 0.00

S.F.
16 Isopropyl alcohol 0.72 0.80 0.00 0.00 T. to

S.F.
17 Water O.OOT. 0.64 0.00, 0.61 O.OOT.

Abbreviations: S. F. = solvent front; T. = tails.

RI Values

Table III. R, Values of Double Spots
of Sb+3

0.20

0.14
0.12

0.50

0.00
0.00

First Second
spot spot

Table II. Noninterfering Cations

R, Cation R,

O.OO(tails) Co+2 0.47
0.40 Ni+2 0.33
0.58 Zn+2 0.54
0.50 Sr+2 0.55
0.53 Mg+2 0.50

Ag+
Pb+2
Ca+2
As+3
Fe +3

Cation

Developer

Ethyl acetoacetate
Benzyl cyanide
5% Solution of thio-

urea in butanol O. 00
12M Chloroacetic + iso-

propyl ether (1: 1) 0.00

was not completely transferred from the
point of application, owing to its strong
interaction with paper. If, on the
other hand, the concentration of nitric
acid were increased, the Hg2+2 was
transferred completely from the point
of application. The solvent system was
then so polar, however, that the paper
did not function as differentiating
medium between the two cations. To
achieve fast and efficient separations,
precipitation chromatography was tried
using SI and S2' These solvents proved
to be fast but nonselective. Pb+2 and
Ag+ had R, values close to zero, while
all the other common cations had R,
values close to those of Hg+2.

To attain both speed and selectivity,
complexation chromatography was
superimposed on precipitation chro­
matography. Methyl alcohol was

DISCUSSION

The separation of Hg;2 and HgH
proved more difficult than expected.
Acetic acid differentiates fairly well
between Hg2+2 and Hg H (Table I).
A number of solvent systems containing
nitric acid, acetic acid, and water in dif­
ferent ratios were tried. In most of
these solvents, Hg2+2 and Hg+2 when
separate gave different R1 values, but
when a mixture of the two cations was
used the separation was not distinct.
Best results were obtained with S6-i.e.,
acetic acid-3M HNOrwater (3: 1:2).
If the concentration of nitric acid was
less than that in S6 the mercurous ion

acetyl acetone, cyclohexanone, aceto­
phenone, ethyl methyl ketone, propyl
alcohol, isopropyl alcohol, n-butyl alco­
hol, tertiary butyl alcohol, and anisole.
None of these were successful. Separa­
tions were obtained, however, by using
glacial acetic acid-water-ethyl acetate
(1: 1: 1). This solvent will be called S5.

Mixtures containing SbHand Sb +&
in ratios varying from 1: 3 to 9: 3 were
efficiently separated by this method.
The R1 of SbH fluctuated from 0.65 to
0.71, while Sb+& was always at the
solvent front. Almost all important
cations were developed with S5. The
cations whose R1 values differ signifi­
cantly from those of Sb Hand Sb +6 are
given in Table II.

Of the common cations tried, the
following have R, values close to that of
Sb H. R, values: HgH, 0.76; CuH ,
0.75; Sn H, 0.78; AIH, 0.64; Cr H,
0.60; and Mn H, 0.60. None of the
cations tried have R, values close to
Sb H .

Double Spot Formation. Sb H gave
double spots in a number of cases which
are shown in Table·III.

monium acetate-3M HNOr 3M HCI
(6: 1: 1) v./v. (S2); 3M HNOr 3M HCI­
isobutanol (1:1:10) v./v. (S3); and
3M HNOr 3M HCI-isopropanol
(l: 1: 10) v./v. (S4)' In all these solvent
systems, Hg2H has an R, value of 0.00.

Si is the simplest system giving fast
separations (R, Hg+2 = 0.81). When
the concentration of HCI is gradually
varied from O.lM to approximately
3.00M, the two R, values as expected
remain almost constant. In 3M HCI,
the Hg2H spot is rather elongated.
In S2, Hg+2 has an R1 value of 0.84.
When the proportions of Hg+2 and
Hg;2 in the sample were gradually
varied from 4:1 to 4:16, the two R1
values remained constant. When the
concentration of the sample applied was
gradually altered from 0.2 to O.OIM, no
significant change either in efficiency of
separation or in the R, values was
found. After 5 minutes of development
the distance between the spot bound­
aries was 1.9 em. Of the common
cations studied as impurities, only
Ag+, Sn+2, and Bi+3 affected the
separation. In all other cases, good
separations were obtained. Sn +2 affects
the separation by its reducing action
on the Hg2+2.-Hg+2 system. In S3, Cd +2
(R, = 0.30), Bi H (R, = 0.30), and
ASH (0.40) have R, values significantly
different from those of Hg2+2 and
HgH (R, = 0.61). S4 is even more
selective than S3. Cations having
R, values different from those of
Hg;2 and Hg+2 (R, = 0.66) are ASH
(0.43), Sn H (0.90), Fe H (0.30), AIH
(0.20), CrH (0.30), Mn H (0.22), Ca+2
(0.20), BaH (0.20), Sr H (0.24), and
Mg+2 (0.22). Cations with R, values
not significantly different from HgH are
Cd H (0.63), BiH (0.60), and Sb H
(0.61). Cations with R, values not
significantly different from Hg2H in­
clude Ag+ (0.00) and Pb H (0.00 T).

Double Spot Formation. Hg;2
gives two spots when developed with
15% ammonium acetate solution and
20% ammonium chloride solution.
In both cases the R, values are 0.00
and 0.84. Since mercurous is not
known to form any complex, the
possibility is that one spot is due to
mercurous nitrate while the other spot
is due to mercurous acetate (when
developed with ammonium acetate) and
mercurous chloride (when developed
with ammonium chloride). However,
when hydrochloric acid is added to
ammonium acetate, the double spot
formation is prevented because in this
case mercurous nitrate is efficiently
converted to mercurous chloride.

Separation of Sb +3 and Sb +&.
A number of developers were tried
for this separation-e.g., isopropyl
ether, chloroacetic acid, benzyl
cyanide, dioxane, ethyl acetate, ethyl
propionate, acetic acid, propionic
acid, butyric acid, acetone, pyridine,
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added to the HCI--HN03 system. The
result was that mercurous ion began to
tail, owing to its strong interaction with
methyl alcohol. When methyl alcohol
was replaced by i.sobutyl alcohol, the
system became less polar and Hg2 +2
~ave a compact spot. Three ions gave
R, values significantly different from
those of Hg2+2 and Hg+2. With iso­
propyl alcohol, which is intermediate
in polarity between methyl alcohol and
isobutyl alcohol, the system became
fast, selective, and efficient.

A reference to Table I shows that
Sb+3 and Sb+ri have different R, values
in a number of organic solvents-i.e.,
acetic, propionic, and butyric acids;
dioxane, acetone, ethyl methyl ketone,
methyl alcohol, and isopropyl ether.
And, therefore, a number of excellent
separations are possible with slight
modifications in 1;hese solvents. All
efforts to separate Sb+3 and Sb+b using
individual organic solvents failed be­
cause most of them were not sufficientl.,.
polar. Acetic acid gave an elongate;:!
spot owing to its low ionization. The
addition of water increased the ioniza­
tion of acetic acid sufficiently to give
compact spots. Because of the hif(h
polarity of the system, however, f!.R,
was very small. The addition of

ethyl acetate decreased the polarity of
the system to such an extent that t:.. R,
became significant.

It was noticed in this study that the
higher valence state almost always had
the higher R, value. This is easily
understood because the higher valence
state has a greater covalent character
and therefore a greater complexing
power. Of the solvents we studied only
formic acid appears to be an exception
to this trend. The R, of Sb+1i in formic
acid is smaller than that of 8b H •

In the homologous series of fatty
acids studied, the R, values decreased
with an increase in molecular weight
owing to a decrease in the polarity of the
system. In this case also formic acid is
an exception. The R, value of Sb+ri in
formic acid is less than in acetic acid.
We are making a more complete study
of the behavior of formic acid and the
findings will be reported later.

The importance of time of separation
in such cases has been emphasized
earlier. To incorporate it ill paper
chromatography we suggest that the
time required for a I-em. separation
between spot boundaries should be
mentioned where necessary alon!!: with
other data. A paper chromatographic
separation may be classified as fast,

rapid, normal, slow, or extra slow ac­
cording as this time (t) is 0 to 30 min­
utes, 30 minutes to 1 hour, 1 to 6
hours, 6 to 24 hours, or more than 24
hours, respectively. Time for the
Hg2+LHg+2 separation with S3 and
S4 is 10 minutes, and for the 8b +3_
Sb +Ii separation with Sli is 20 minutes.
Hence, both these separations may be
classified as fast.
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Separation of Technetium from Mixed Fission Products
by Solvent Extraction with Tributyl Phosphate
MILTON H. CAMPBEll

Chemical Processing Department, General Eledric Co., Richland, Wash.

~ A new liquid-liquid separation tech..
nique is described for quantitatively
extracting technetium-99(VIIl into Ct

tributyl phosphate phose from 0

sulfuric acid soluti<)n of mixed fission
products. Technetium(VII) distribution
ratios are presented as a function of
hydrogen ion molarity and tributyl
phosphate concentration. Sodium fluo··
ride is 'Used to provide the necessary
zirconium-niobium decontamination and
a cation exchange column ensures de­
contamination from metallic ions such
as uranium. Decontamination factors
for zirconium-niobium and ruthenium
are 2 X 10· and 1 X 104, respec­
tively. Technetium yields of 92%
were obtained with (J standard devia­
tion of ± 0.80/0-

T ECHr-"ETIUM, the first man-made
element (9), does not occur

naturally (5). The most substantial
source of this element is irradiated
uranium fuel (1) which contains the
long-lived radioisotope technetium-99.
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Since these fuel elements are processed
chemically for recovery of uranium,
plutonium, and some fission products,
raffinate solutions containing significant
quantities of the pertechnetate ion are
available for recovery. Technetium-99
is normally found as the pertechnetate
ion in dissolved fuel element solutions
and the subsequent raffinate. An
analytical method capable of separating
pertechnetate from gross quantities of
fission products with a minimum elapsed
time would be required to support a
recovery process.

Analytically, the pertechnetate ion has
been separated from most fission prod­
ucts by a variety of methods including
precipitation and distillation (8), ex­
traction (10, 12,13), and anion exchange
resin (7). Radioassay, the most sensitive
measurement for technetium-99, was
used in most methods. This isotope has
a low beta energy of 0.29 m.e.v., hence
the presence of other radioactive ma­
terial on the mount would create serious
interference. Of all analytical methods
reviewed, only the distillation technique

provided satisfactory decontamination
from radioactive ruthenium isotopes.

Solvent extraction techniques for
separating pertechnetate from radio­
active wastes have been widely studied.
Boyd and Larson (2) reviewed per­
technetate separation by 34 organic
solvents and det.ermined that tertiary
amines or quaternary ammonium salts
had the best partition coefficients.
Gerlit (3), in studying this ion's ex­
traction characteristics into 21 different
organic solutions from various acidic,
basic, and neutral media, found that
tributyl phosphate-sulfuric acid was a
potential extraction system. Siddall
(11) suggested the extraction mechanism
of pertechlletate in a 30% tributyl
phosphate-nitric acid system using
n-dodecane as a diluent. Kertes and
Beck (6) found a different mechanism
for the same system using carbon tetra­
chloride as diluent, and additionally, de­
fined the nitric acid-dibutyl phosphate
system. These works lead to the
generalization that the pertechnetate
ion can be extracted into organic



"Distribution ratio, D, is defined as
(c./m./m!. in organic phase)/(c./m./m!.
in aqueous phase). These data were
calculated from duplicate analyses having
material balances 2:;95%.

H2SO.
0.0
3.1
4.5

10.9
13.3
14.2
15.7

HN03

0.0
1.36
1.16
0.91
0.65
0.30
0.09

Hydrogen ion,
moles/!.

0.0 (pH 6.7)
0.5
1.0
1.5
2.0
3.0
4.0

Table I. Distribution of Pertechnetate
between Nitric Acid or Sulfuric Acid and
45% TBP as Function of Hydrogen Ion

Concentration

Distribution ratio,
D"

Table II. Distribution of Pertechnetate
between 2.0N Sulfuric Acid and Sol­
vent as Function of TBP Concentration

TBP concn., Distribution
vol. % ratio, D

o 0.0
15 0.66
30 1.47
45 13.3
60 14.8

ratio of 1: 20, a D of 0.11 was found when
the solvent had first been contacted with
a 1M sulfuric acid solution. Neglecting
any variation in acidity due to change of
the water volume, the best stripping
ratio was calculated to be 1:20. In thi8
case less than 0.5% of the pertechnetate
would be retained in the organic phase.

The cation exchange resin was used
to remove radioactive ions such as
uranium or plutonium-Le., decon­
tamination factor was >106-which
could follow the solvent cycle purifica­
tion of pertechnetate. Material balance
across the exchanger revealed no per­
technetate loss.

Decontamination for pertechnetate
from other fission products was very
good. The major radioisotopeR present
in the sample solutions were Zr95_Nb95,

Ruloa-106 Ce144-PrIH Ce141 CS I37

Sr90- y90, 'and Sr89• Of these,' the rar~
earth8, cesium, strontium, and yttrium
were notably inextractable in TBP.
Both zirconium-niobium and ruthenium
were extractable to a limited extent.
To reduce zirconium-niobium carried bv
the organic, the aqueous phase for th-e
initial extraction was made O.025M
in sodium fluoride. In some highly
radioactive samples it was necessary to
add a scrub step in which the per­
technetate laden organic was scrubbed
with a 1M H2SOI-O.025M NaF-O.2M'
H20 2 solution at a 2: 1 organic to aqueous
ratio. Only one such scrub should be
used since there is a pertechnetate loss
(D = 13.3) of 4% in this step. De­
contamination in the extraction step

RESULTS AND DISCUSSION

collodion, and counted in a gas flow
beta proportional counter. The anal­
ysis was completed within 45 minutes.

Extraction of pertechnetate was first
studied as a function of acid molarity
with a 45% TEP solvent. Both nitric
and sulfuric acid matrices were tried for
the aqueous phase. At first, distribu­
tion ratios checked neither those
available in the literature (3, 11) nor
the second equilibration between the
pertechnetate laden organic and a virgin
acid scrub solution. However, on
adding a drop of 30% hydrogen peroxide
to the aqueous phase just prior to
extraction, distribution ratios con­
sistent with literature were found.
Subsequent analyses of plant samples
also showed a consistently higher per­
technetate value when the sample was
pretreated with hydrogen peroxide.

Pertechnetate distribution ratios in
these two acids are presented in Table
1. All further work was performed with
a 1M solution of sulfuric acid which
provided a much better distribution
ratio than was possible from a nitric
acid solution. [Pertechnetate distribu­
tion ratios for nitric acid WE're in good
agreement with the work of Kertes and
Beck (6).] This particular molarity
was selected to reduce pertechnetate
losses during the organic extraction and
stripping cycle. Since the method
requires two volumes of organic per
volume of aquE'OUS, increased acid con­
centration would enhance the pertechne­
tate extraction only slightly (96.4% at
1M V8. 969% at 2M), but the acid in
the extractant would increal'3e markedlY.
Presence of excess acid in the solve;t
would have the negative effect of re­
ducing the stripping efficiency for
pertechnetate.

A test to find the minimum equilibra­
tion time for the above experiments
showed that equilibrium was achieved
within 3 minutes.

To find the variation in the pertechne­
tate distribution ratio as a function of the
TBP concentration, a 1M sulfuric acid
phase was contacted with TBP con­
centrationl'l between 0 and 60 volume
%. Table II contains these distribution
ratios.

A TBP concentration of 45 volume %
was selected for the analysis. This
distribution ratio was very close to the
maximum observation and. additionally,
the solvent at 45% TBP wa.'1 less
viscous than at 60%, thus permitting
better phal'3e separations and more
accurate volumetric transfers.

In considering a stripping solution for
removing pertechnetate from the
organic phase, distilled water was
8elected. As previously mentioned,
sulfuric acid would also be stripped into
the water. For an organic to aqueous

solvents containing oxygen, phosphorus,
or nitrogen. Since tributyl phosphate
provides excellent decontamination from
ruthenium in the Purex proceSR (.~),

potential use as an analytical reagent
was investigated.

EXPERIMENTAL

Reagents and Equipment. Potas­
sium pertechnetate (KTc990.) was
obtained from Oak Ridge National
Laboratory aR a 3.4 grams per liter
solution in a l.OM ammonium hy­
droxide matrix.

Tributyl phosphate (TBP) of C.P.
grade was diluted to the desired con­
centration with a kerosine diluent
(Soltrol). All dilutions were prepared
on a volume basis. After dilution,
TBP degradation products were re­
moved by washing with an equal volume
of three per cent sodium carbonate.
Prior to use the TBP-kerosine mixture
was equilibrated with an equal volume
of sulfuric acid at the same molarity to
be used in the experiment.

The cation exchange resin used was
Dowex-50X8, 100- to 200-mesh, in the
hydrogen ion form and of an analytical
grade. The resin was gravity loaded
in a 5-cm. long, 3-mm. i.d. column until
a bed height of 1.5 em. was attained.

All extractions were performed in
flat-bottomed 15-ml. vials on a magnetic
stirrer using glass covered stir bars.
These contacts were performed at room
temperature.

Radioactive sample aliquots were
mounted and dried on I-inch diameter
stainless steel dishes, lis-inch deep.
Beta activities were counted in a gas
flow beta proportional counter, and
beta energy spectra were obtained using
a terphenyl crystal detector and a
multichannel analyzer.

Procedure. The sample, calculated
to provide a good counting rate, was
diluted to 2 ml. with H 2S04 and NaF
to yield a final concentration of 1M
H 2S04 and 0.025M NaF. One drop
of 30% H 20 2 was added to ensure that
all technetium was present as per­
technetate, and the solution was
stirred for several minutes. Exactly
4 mt. of 45% TBP was then added,
and the mixture was stirred at a com­
plete emulsion for 5 minutes. Phases
were separated by centrifuging and 3.0
mt. of the organic was transferred to a
vial containing 1.5 ml. of 1M sulfuric
acid-o.025M sodium fluoride-0.2M H20 2

scrub solution. This mixture was
stirred for 2 minutes and again cen­
trifuged to separate the phases. One­
half milliliter of the organic phase was
transferred to a stripping solution con­
sisting of 10 ml. of distilled water.
This mixture was stirred at a complete
emulsion for 8 minutes. then centri­
fuged. A half milliliter of the aqueous
phase was transferred to a cation ex­
change column and allowed to flow
through it onto a mounting dish.
Three 0.2-mt. water washes were also
passed through the column and accumu­
lated on the mounting dish. The mount
was dried under an infrared lamp,
cooled, covered with a thin layer of
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Tc99 in extremely short cooled fuels
which could contain a variety of
technetium isotopes depending on fuel
type and irradiation history.

was 83 for zirconium-niobium and 311
for ruthenium. Decontamination
gained by the scrub was 82 for zirco­
nium-niobium and 6 for the ruthenium.
Difference in ruthenium decontamina­
tion for the extraction and scrub steps
showed it was present in more than one
ionic form, one or more of which was not
extractable: in TBP.

The above decontaminations as well
as those for the remaining st;eps are il­
lustrated in Figure 1. All the gamma
spectra have been normalized to rep­
resent the quantity of pel'technetate
mounted at the end of the analyses.
The remainder of the method, con­
sisting of the aqueous strip and the
cation exchange purification, yielded
decontamination factors of 3 for zir­
conium-niobium and 6 for ruthenium.

Table III. Determination of Per-
technetate

Av. %
~\fo. of c./m. Tc99 Tc99

Analyst samples taken found

a 6 35,140 92.5
b 4 35,140 91.8
a 4 17,570 91.6
b 2 17,570 92.7

Standard dev.: ±0.8%

The overall decontamination was 2 X
104 for zirconium-niobium and 1 X 104

for ruthenium. These factors are based
on actual stream samples, not on pre­
pared tracers which for the most part
would not contain the same mixture of
ionic species found in plant solutions.

A beta energy profile for the analysis
is shown in Figure 2. There is a scale
change between 0.3 and 0.4 m.e.v. to
distinguish low energy spectra and still
present the full spectra obtained (curve
shape does not change in the break).
As previously mentioned, these spectra
were obtained using a terphenyl crystal
and a multichannel analyzer. The top
curve showing the sample spectra has
its ordinate to the right. A high con­
tinuum above 0.4 m.e.v. was due to Y90
and Pr144• The second and third
curves showed the decontamination
gained by extraction and scrubbing.
In this case, the high energy portion is
due to Ru)03-106. The final spectra
demonstrates purity of the mount.
Note the maximum energy of 0.30
m.e.v. correlates closely with that of
Tc99•

Results of analyses performed on a
pertechnetate standard are shown in
Table III. The reader should note that
all waste solutions of interest originated
from fuel elements with at least a 200­
day cooling period after irradiation.
This analysis would not be specific for
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Ion Exchange Chromatography of Amino Acids

A Single Column, High Resolving, Fully Automatic Procedure

PAUL B. HAMILTON

Alfred I. du Pont Institute of the Nemours Foundation, Wilmington 99, Del.

For description see text

Figure 1. Schematic of apparatus

~ A method for the quantitative de­
termination of 10-8 mole of amino
acids by ion exchange chromatography
is described. A single 0.636- X
125-cm. column packed with 17.5 X
10-4 em. spherical particles is used;
operating pressures are approximately
450 p.s.i. The procedure is fully
automatic and the time for analysis
through to arginine is 21 hours. In­
creased sensitivity and improved res­
olution were obtained by optimizing
variables related to the ion exchange
resin (Dowex 50) column dimensions,
and photometer flow cell. 0.01 Micro­
mole (l0-8 mole) can be determined
to within ±5%; the limit of deter­
mination is approximately 10-10 mole.
By zero suppression and range ex­
pansion of the strip chart recorder,
the analog display of the chro­
matogram is presented on an ex­
panded scale. An improved resolu­
tion of basic amino acids is illustrated.
The position of the chromatogram of
186 ninhydrin positive substances of
biological interest is indicated. The
relationship of the absolute wet density
of the resin to cross-linking is ex­
amined and the relationship of cross­
linking to resolution is given more
precise definition than heretofore. The
principles involved in optimizing all
variables for best performance are
fully discussed.

T HE OBJECT of this study was to in­
crease the resolving power of cur­

rent procedures (7, 17, 20, 23) for the
analysis of amino acids by ion exchange
chromatography, and to increase sensi­
tivity so that microgram amounts could
be quantitatively determined. These
objectives were sought by a thorough ap­
plication of those principles which have
been discussed at theoretical and prac­
tical levels (4, 5, 11,19), and by attention
to details so that the best performance
could be realized. The conditions were
imposed that the alteration of existing
equipment should be minimal, that a
single column would suffice, that the
time for a complete analysis of acidic,
neutral, and basic amino acids through
to arginine plus a regenerating cycle
would be no more than 24 hours, that
certain critical resolutions-e.g., gluta-

mine from serine-be maintained, and
that the procedure be fully automatic.
This paper describes the fulfillment of
these aims.

With the resolution obtained, analysis
of a complex mixture of biological origin
-e.g., urine-often indicated 75 to 95
ninhydrin positive components. The
sensitivity is such that 0.01 JLmole
(10--8 mole) of most of the compounds
(except those with very low ninhydrin
color yields) can be determined to within
±5%. The limit of detection is less
than 0.0001 pmole (10-10 mole).

During the developmental stages,
some of the methodology was briefly out­
lined (9); further developments and
greater detail are presented here.

EXPERIMENTAL

Apparatus. A bench assembly (20)
has proved the most satisfactory. A
current arrangement is shown in Fig­
ure 1. The flow of fluid from each
reservoir to the gas capillary manifold
(l-mm. i.d.) is controlled by the
solenoid valves, Vl, Vz, Va, V4 (Model
51P18T23-7-Teflon, Valcor Engineering
Corp., Kenilworth, N. J.). The en­
trance valve ports were provided with
l/4-inch N.P.T. X l/4-inch tube fittings
and the exit ports with reducing adapter
bushings plus lis-inch N.P.T. X 1/16­

inch tube fittings; all fittings were
Teflon. Because the operating tem­
perature of the continuous duty sol­
enoids was 75° C., the valves were
mounted at an angle to allow ail', which

RECORDER

PHOTOMETER

was evolved from the solution as it
passed through, to rise in the input
tubes. The valves are controlled by
the automatic control unit (see below).
A bubble trap (2-ml. volume) between
manifold and pump ensured that no
stray bubbles were carried to the pump;
air which collected was vented through
the stopcock. Equally satisfactory was
a single degassing unit (20) fitted
through the large stopper in the central
opening of the 3-necked reaction vessel
and maintained at 100° C.

The buffer pump (BP) fittings, gauge,
and isolating diaphragm have been de­
scribed (8). Hastelloy C for the pump
liquid end and fittings was mandatory
with pH 2.875 buffers. To filter out
fragments of pump packing which
collected on the resin, a short tube,
[0.636 X 5 em., precision bore, l/4-inch
pipe flanges tooled at both ends (8)],
was coupled into the line between the
pump and column; two Teflon porous
disks, lis-inch thick (grade 5-55 Fluoro­
Plastics, Inc., Philadelphia, Pa.), served
as filter (see Figure 1). The volumetric
input to the column was 30.0 ml. per
hour (94.5 cm.jhour, linear flow rate).
Operating pressures were approximately
450 p.s.i. with the column at 45° C.,
400 p.s.i. at 60° C. During 24 months
of continuous use, the pressure slowly
rose to 575 p.s.i.; the column was then
dismantled and repoured.

Pressure was monitored by means of
a potentiometer transducer (not shown
in Figure I)-e.g., Amtex, Model
PT-143-A-600B-2M, U. S. Gauge Co.,
Sellersville, Pa.-coupled to the gauge
line. A stable millivolt source to the
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Figure 2. Automatic control unit

and continuously variable zero suppres­
sion, ±20 mv. max. and the other was
a standard 0-10 mv. model modified by
substituting 5-ohm, 3-turn Helipots
(Beckman Instrument Co.), for the
range and span spools of the poten­
tiometer measuring circuit. The pots
were mounted on the rear of the chassis
door. This span could thus be varied
continuously from 0-10 mv., and the
range continuously from 0-10 to 9-10
mv. Dial settings for span and range
were tabulated, but the recorders were
always checked with a standardizing
potentiometer after resetting.

Column and Resin. The construc­
tion of the column (0.636-cm. i.d.)
connecting couplings for pressure
work, column jacketing, and tem­
perature control have been described
(8, 11). Columns of similar con­
struction and specifications are com­
mercially available from the Technicon
Corp., Chauncey, N. Y. For the
pump to column connection, I/S X
'/16 inch flexible Teflon was substituted
for the polyethylene tubing and 3
neoprene a-rings, '/4 X I/Sinch were
substituted for the small rubber stopper
originally used [See Figure 1, (8)].
The a-ring and Teflon washers were
prevented from slipping off the Teflon
tubing by flaring the end of the latter

ADVANCING ("L-~*-----<r----r-"""':--'-'-'=-=,

SWITCH I"
". "

PATCH ~~<~-".+---;~G I J ""~1~-
CORDS CD<Z>@@@@CV@®©(]]) JACKS

Power connections (J 10 volts, a.c.) are to + terminals. Other details in
text

Figure 3. Circuit schematic of automatic control unit

filter to column, I/S X 1/16 inch flexible
Teflon, 2000 p.s.i. test; all other fluid
lines, including the reaction capillary,
were gauge 22 heavy wall, 0.028 X
0.060 inch, Teflon. Before being placed
in service, the reaction capillary was
tested for leaks under 200 p.s.i. fluid
pressure. Connections to the manifold,
bubble trap, degassing unit, Y tube, flow
cell, and bubble flow meter, were made
by press fit into slightly expanded
portions of the glass capillary; the glass
was tooled for a length of 2 inches in
the flame with steel rods (discarded
drills) of increasing diameter to give
a tapered section to receive the Teflon
capillary. These connections withstood
pressures over 50 p.s.i. but were easily
dismantled. To extend fluid lines by
inserting extra capillary or to join cut
lines, butt joints of the Teflon capillary
were made by inserting the ends into
sleeves of slightly larger diameter
Teflon tubing. Joints were wired if
necessary.

A 3 point, 4'/2 second pen speed, 6
inches/hour chart speed strip chart
recorder (Minneapolis-Honeywell, Phil­
adelphia, Pa., Model 153X72) displayed
the chromatogram. Two variations of
this model have been used. One was
supplied by the manufacturer with con­
tinuously variable span, 0-1, 0-21 mv.,

PROGRAM
TiMER

;~
OFF
POWER

Running time meter (R. T.M.) left of center; stepper relay and patch cord
connections upper righl. See text for details

transducer gave 3Jl output that drove a
strip 'Chart recorder. Pressure was not
recorded all the time, but only when
faulty pump action was suspected.
This enabled corrective measures to be
applied before valuable runs were 10sl;.

The column efHuent was joined by
the ninhydrin stream at the capillary
Y tube (l-mm. i.d.). A standard 3­
necked, 2-1iter flask, fitted with a con­
denser, served as 100° C. bath foJ' the
TeHan reaction capillary (20); a 600­
watt heater (Gilmer, Cat. 6130, A. H.
Thomas Co., Philadelphia, Pa.) con­
trolled bv a variable autotransformer
kept the bath at low boil.

The ninhydrin pump (NHNP), gauge
and storage reservoirs have been de­
scribed previously (20).

The flow photometer (20) (Phoenix
Instrument Co., Philadelphia, Pa.) was
fitted with a flow cell similar to that of
Piez and Morris (17) but of modified
form (9); the light transmitting ~ec­

tions were'IA-mm. i.d. Fluid entered
the flow cell from the bottom and was
monitored 3uccessiyely at 570, 440, and
570 rn.u; the last section had a sealed­
in glass spacer to give an effective fluid
depth 1/r, that of the bottom section
(20).

Connecting fluid lines were as follows:
from reservoirs to valves, 0.188 X
0.25 inch Teflon (all Teflon t,ubing and
Teflon capillary was obtained from
Pennsylvania Fluorocarbon Co., Phila­
delphia, Pa.); from valves to manifold
to bubble trap (or to degassing unit) to
buffer pump, and from ninhydrin reser­
voir to ninhydrin pump, gauge 19,
0.038 >< 0.070 inch Teflon; from buffer
pump to chemical gauge diaphragm to

rr=~~;;;;~±~=::::::::=1'-21-0---------R-E-S-E-T----.

_J2GS ~O
_1240 ~
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with a heated tool, (a 3/18 inch diameter
rod ground to a 75° conical end). The
particles for packing the column were
separated from -400-mesh resin
[Dowex 50 X8 (The Dow Chemical
Co., Midland, Mich.») by a backwash­
ing technique (10). The particles were
spherical with a mean diameter of 17.5
microns and 80% of the diameters were
within ±2 microns of the mean. The
resin had a capacity of 5.1 meq.jgram
(dry), and a wet density (sodium form)
by pycnometer of P = 1.280 ± 0.002
[or a tungstate density of PI = 1.340
(Appendix and (21)); either density
corresponded to a cross-linking of 8.5%
(see Figure 6). Column packing with
similar physical specifications and of
comparable chromatographic perform­
ance is currently marketed under the
trade name Chromobeads (Technicon).

To pack a column, the resin was
slurried in 2 volumes of 0.2N NaOH
plus Brij 35 and poured to the top.
After settling by gravity, the resin
was packed under fluid pressure by the
pump for 30 minutes. Excess fluid
was then aspirated and the process re­
peated. Several additions of packings
were necessary to fill the column to a
depth of 125 cm. above the Teflon
filter. With use, the column packed
further and more resin was added to
maintain the 125-cm.level.

Automatic Control Unit. The ap­
pearance of this unit is shown in Figure
2, and the circuit in Figure 3. A
program timer (Model P5-24, Zenith
Electric Co., Chicago, Ill.) controlled
the cycle of operation. The time for
each event in the cycle was determined
by a mechanical trip inserted into the
periphery of the dial (Figure 2)
which is rotated by a timing motor
(TM) (Figure 3) once in 24 hours.
As a trip is moved past the activating
armature of switch H, the latter is
closed for approximately 7 minutes, but
the circuit if! completed only when
switch M (Figure 3) is closed for 2
seconds by a cam which rotates once
every 5 minutes. Simultaneous closure

of Hand M provides power for 2 sec­
onds, which advances a stepping relay
(Type PER, Guardian Electric Co.,
Chicago, lll.) to its next consecutive
contact and which activates one coil
of a latching relay connected to that
contact. The wiring of the program
timer as supplied, was modified to that
shown in Figure 3; the toggle switch
8 was retained for manual control.
}<'or greater convenience in reading time,
the 0-24 hour scale was replaced with a
0-1440 scale, graduated in 5-minute
intervals. (In Figure 2, only the 50­
minute graduations are shown). The
stepping relay contacts were wired to
jacks, A to L, from which connection
was made by patch cords and plugs
through jacks 1 to 11 (jack 12 is a
spare) to switches (Lev-R, 3003, Switch­
craft, Inc., Chicago, Ill.) 8 1 to 8 10 which
control the upper coils (Figure 3) of
the latching relays. For clarity of
presentation, these connections have
been omitted from Figure 3. The patch
cord arrangement provided great flex­
ibility in programming the order of
events. Referring to Figure 3 and
adopting a descriptive convention that
energizing the upper coil of a latching
relay throws the relay 8PDT switch
armature up, it follows that power is
cut off to the pumps (BP, NHNP), to
the recorder chart drive motor (CDM),
to the circulating bath motor (BM),
and to the program timer when the con­
trolling trip and stepper contact is
activated. Power to these units may
also be cut off manually by switches
81, 8r 81O, respectively. Dual control
provides for manual operation without
altering the automatic control settings.
Power to the above units is provided
by momentarily closing switches RrR,o,
respectively. Contact through jack 1,
changes control from the 45° (Tl-C)
thermoregulator to the 60° (TrC)
thermoregulator; to return to 45°, R l

is momentarily closed. Neon pilot
lamps identify the condition of any
circuit. A running time meter, wired
into the ninhydrin pump circuit, enables

the time to be easily read during a run.
Relay connections 2-5, controlling the

valves, VI-V., need special mention.
When the lower coil of relay 2 is en­
ergized through jack 2-82 (right) power
is simultaneously cut off from V., which
closes, and applied to the upper coil
of relay 3 which opens VI' Similarly,
as VI is closed V2 is opened, as V2 is
closed Va is opened, and as Va is closed
V4 is opened, thus completing a cycle
of 4 solution changes, ending with the
starting solution. Beginning with pH
2.87 buffer, the sequence pH 3.80, pH
4.30, 0.2N NaOH (wash) and pH 2.87
(conditioning) is readily programmed.
The switches 82-8i (referring in Figure
3 to those immediately to the right or
left of the symbol), enables the valves
to be opened or closed manually. V.
(pH 2.87 buffer) being last in the
sequence, is simultaneously closed when
jack 10 is energized to stop the program
timer.

Two automatic control units have
been in continuous service for 36
months without mechanical or electrical
failure. Operation may be automatic
and left unattended, or the cycle may
be entered at any time for manual op­
eration, and then returned to automatic
function. The stepping relay can also
be advanced manually by the switch
(Lev-R 3006, Switchcraft) as shown;
it is returned to 0 by means of a reset
switch. .

Reagent Solutions. The prepara­
tion of buffers is given in Table I; all
solutions were made up under nitrogen
in a polypropylene vessel and trans­
ferred, out of contact with laboratory
air to the apparatus reservoir.

The sodium citrate, sodium chloride
and sodium acetate (for the ninhydrin
reagent) were tested by adjusting
nearly saturated solutions of each to
pH 11 with sodium hydroxide. If the
solution developed color or precipitate
on alkalization or contained particulate
matter, the reagent was rejected. The
solutions were also tested for ammonia
by Nesslerization, and if positive that

0.200N Na, 0.05M citrate, 0.3% Brij 35, 0.5%
thiodiglycol, 0.1 % Versene

0.800N Na, 0.05M citrate, 0.6M NaCI, 0.3%
Brij 35,0.5% thiodiglycol, 0.1% Versene

pH 3.80

Buffer
pH 2.875

pH 4.30

Table I. The Composition on of Buffers and Method of Preparation

Composition Preparation
0.205N Na, 0.05M citrate, 0.3% Brij 35, 0.5% 0.05 moles Na,C.H.07 ·H20a + 27.5 ml. 2.00N NaOHa + 1.0 gram

thiodiglycol, 0.1 % Versene Versenea+ 25 ml. Brij 35b solution + 15 mI. thiodiglycolc + 850 ml.
low ammonia distilled waterd • Titrate with 6N HCI- to pH 2.875
at glass electrode, make to 1 liter and make final adjustment of pH.

Same as pH 2.875 buffer, except 25.0 ml. of 2.00N NaOH added.
Solution adjusted to pH 3.80.

0.05 moles Na.C6H,07·H20 + 0.6 moles NaCla + 25 mI. Brij 35
solution, + 5 ml. thiodiglycol + 1 gram Versene + 850 ml. water.
Titrate with 6N HCI as above, make to 1 liter and make final
adjustment of pH.

a Analytical reagents J. T. Baker Chemical Co., Phillipsburg, N. J.
b Atlas Chemical Industries, Inc., Wilmington, Del. 200 grams Brij 35 plus 1300 mI. low ammonia water; dispensed from 25 mI.

automatic pipet (Kimble Cat. #37077F); provided with ammonia trap.
C Pierce Chemical Co., Rockford, Ill.
d Laboratory distilled water redistilled in borosilicate all-glass apparatus from 5% sulfuric acid through 4- X 30-cm. reflux column

packed with Raschig rings. .Distillate collected in boro~ilicateaspirator bottle (with Teflon stopcock), protected by acid trap. Water
dispensed from outlet via Teflon adapter and Teflon tubing.

• Reagent grade hydrochloric acid of low ammonia content-e.g., E. 1. du Pont de Nemours and Co., Wilmington, Del.-diluted with
equal volume of low ammonia distilled water in polypropylene vessel under stream of nitrogen and stored in borosilicate glass bottle
protected with ammonia trap. Dispensed via Teflon adapter and capillary.
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a 1 minute corresponds to effluent vol-
ume from column of 0.5 m!.

b Emerges from column at min. 570
• Emerges from column at min. 810
d 0.2N NaOH +0.3% Brij 35 + 0.1%

Versene

particular bottle of reagent was dis­
carded.

Ninhydrin reagent was prepared as
described (20).

Operational Procedures. The pro­
gram for analysis is illustrated in
Figure 2 and tabulated in Table II.

To commence a run,. V. (pH 2.875
buffer) is opened by switch 10 (Figure
2) ; this closes one of two switches in
the program timer circuit. The circu­
lating bath motor is started (switch 8).
When temperature regulation is es­
tablished, the sample is placed on the
resin. A sample volume of 0.5 mJ.. or
less is desirable (11). Amino acid test
mixtures in O.IN hydrochloric acid were
used without further adjustment of pH.
Blood serum, plasma, or urine were de­
proteinized with sulfosalicylic acid (11).
Other solutions were adjusted to ap­
proximately pH 1 with hydrochloric
acid.

After the sample has entered. the
resin, the pump line is coupled to the
eolumn and the recorder, buffer pump
and program timer are started (switches
7, 9, and S, respectively). After the
pressure has risen to approximately
80% of maximum, the ninhydrin pump
is started (switch 6); 30 minuteB later
the photometer potentiometers are
adjusted. Thereafter, operation is un­
attended through the ensuing 24 hours.

Integration of Peaks. The area of
a peak recorded on the strip chart is
determined by the H X W met,hod of
Spackman, Stein, and Moore (20).
When the span and range of the re­
corder are equal, display is on charts
with ordinates printed in absorbance
(log) units,--e.g., chart #9077··N, Min­
neapolis-HoneywelL When the span
is less than the range of the recorder,
the printed scale no longer hol<b and an
even-grid paper-e.g., #5839-N, Min­
neapolis-Honeywell, 20 lines to the inch

T(lble II.
Time,

minutes
0-140

141
781
981

0.140
0.118
0.173
0.124

acids shown in heavy lines are an exact
tracing of a single chromatogram to
which the other amino acid curves have
been added. The shape of the peaks
is characteristic; the height of the peaks
approximates that seen on analysis,
except in crowded regions of the chro­
matogram, where some peaks were ele­
vated for clarity of presentation. This
figure relates the position of less common
substances to the more common amino
acids and supplements a previous publi­
cation from this laboratory (7). Al­
though the specific position of an amino
acid in the 2-column system of Spack­
man, Stein, and Moore (20) or the 1­
column gradient elution system of Piez
and Morris (17) may be altered relative
to its nearest neighbors as compared
with its position in the present system,
the general region of the chromatogram
in which a particular amino acid may
be located is similar. Some assistance
is therefore given in locating amino
acids that have not been positioned by
these authors (17, 20) or by Frimpter
and Bass (2), and Zacharius and Talley
(24). The possibility of overlap or
coincidence of peaks argues strongly
for the desirability of confirming, by
some independent test-e.g., electro­
phoresis, paper, thin layer, or ga8

Table III. Calibration Coefficients, k'
For multiplying integrated peak areas

(AT·Cmax ), to convert to I'moles
Amino acid . k'

Cysteic acid 0.118
O-PO.-Ethanolamine 0.128
Taurine 0.116
Urea 0.248
4-0H-Proline 0.116
Aspartic acid 0 .118
Threonine 0.119
Serine 0.113
Sarcosine 0 .290
Glutamic acid 0.120
Proline 0 .529
Citrulline 0.114
Glycine 0.123
Alanine 0.117
Glucosamine 0.116
Valine 0.120
Homocitrulline 0.103
Cystine 0 .110
Methionine 0.124
Alloisoleucine 0 .115
Isoleucine 0 .113
Leucine 0 .113
NorIeucine 0.116
m-Tyrosine 0.146
Tyrosine 0 .119
Phenylalanine 0 .118
(:I-Alanine 0.208
(:I-2-Thienylalanine 0.178
(:I-Aminoisobutyric acid 0.246
Ethanolamine ca. 0.17
-y-Aminobutyric acid 0.110
Hydroxylysine 0.103
Ornithine 0.099
Lysine 0.104
Histidine 0.114
1-Methylhistidine 0.118
3-Methylhistidine 0.122
Anserine 0.215
Carnosine 0.147
2-NH2-3-guanidino-

propionic acid
Canavanine
Tryptophan
Arginine

with every 10th line accented and 11­
inch (279.4-mm.) ordinates-may be
substituted. Preliminary to calculat­
ing, the range and span are read
from the dial settings of the recorder
or are determined by direct calibration
with a potentiometer. For example, if
the recorder gives a pen deflection to
the extreme right chart line with a
lO.O-mv. input signal and to the extreme
left chart line with an 8.00-mv. input
signal, the recorder is calibrated for a
span of 2.00 mv. and the range 8.00
to 10.00 mv. Taking the right chart
line as 100% transmittance, the left
chart line is therefore at 80% trans­
mittance; that is, of the total range­
i.e., from electrical zero to 10.00 mv.­
only 20% is displayed on the chart.
With an ll-inch (279.4-mm.) chart,
electrical zero is therefore situated
279.4/0.20 = 1397 mm. to the left
of the 100% transmittance line. The
80% line is therefore (1397 - 279.4) =
1117.6 cm., from electrical zero. In
general, a curve whose base is at y
mm. and whose peak is at x mm. from
the left chart line will have base and
peak at (1177.6 + y) and (1117.6 +
x mm.), respectively, from electrical
zero. Applying Beer's law, net peak
height (Cmax) is therefore given by:

{log 100 - log
[(1117.6 + y)/(1379) X 100]} ­

[log 100 - log
(1117.6 + x)/(1379) X 100)]

which reduces to log (1117.6 + y) ­
log (1117.6 + x); the half height is at
Cmax/2. The position of the half
height is on a line drawn z mm. from
the left chart line through the peak
and parallel to the abscissa; z is
given by

antilog [log (1117.6 + x) + Cmax /2] -
1117.6

Peak width at half height (AT) is de­
termined in minutes by dot counting
(20). The product AT· Cmax, is a measure
of the area of the peak. A calibration
constant for each amino acid is de­
termined by analysis of known amounts
of each. In practice it is convenient to
express these constants as multiplying
factors, designated k' and whose units
are j.tmoles per unit area; the relationship
of k' to the C constants of Spackman,
Stein, and Moore (20) is hence of the
form k' ex: l/C; in the present work,
the relationship for most amino acids
was very nearly k' = 3/C. The values
for k' given in Table III were deter­
mined in this laboratory.

Position of Ninhydrin Positive Sub­
stances. The position of 135 amino
acids and close relatives, 31 dipeptides,
3 tripeptides, 1 tetrapeptide, 1 hexa­
peptide, 6 amino sugars, 3 amines, 3
aminoalcohols, and 3 other ninhydrin
reactive compounds are shown in
Figure 4 and listed in Table IV. The
position of each compound was cs­
tablished by individual analysis, and
its relationship to other compounds by
analysis in mixtures. 0.01 Micromole
(10-8 mole) of each compound was
placed on the column. The position,
shape, and size of the common amino

Temperature changes
Column at 45° C.
Change to 60° C.
Change to 45 ° C.
Change to 60° C.

Operation Schedule

Buffer and operational changes
pH 2.875 buffer
Change to pH 3.80 bufferb
Change to pH 4.30 buffer"
Change to column washd

Change to pH 2.875 (regenera-
tion)

Ninhydrin pump off
Recorder off
Circulating bath motor off
Buffer pump off
Program timer plus V. solenoid

off

0-460
461
731

1211
1241

1265
1270
1420
1425
1430

Time,
minutesa
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Table IV. Ninhydrin Reactive Compounds Corresponding to Numbered Peaks Shown in Figure 4.
1. Penicillaminic add
2. O-Phospho-4-hydroxyproline"
3. O-Phosphoserine
4. O-Phosphothreonine
5. Homocysteic acid
6. Cysteine sulfinic acid
7. Glycerylphosphorylaminoethanolb

8. Glucosarnine-6-phosphate
9. O-Phosphoethanolamine

10. Levulinic acid
11. threo~-Hydroxyaspartic acid'
12. erythro-!~-Hydroxyaspartic acidd

13. 3-Hydroxyproline'
14. Glucosaminic acid
15. O-Phosphohydroxvlysine"
16. Methionine sulfoxldes
17. Ethionine sulfoxides
18. Methionine sulfone
19. P-Methylaspartic acid
20. al/o-3-Hydroxyproline-
21. aUo-4-Hydroxyproline
22. Thioproline
23. 2-Thiolhistidine
24. al/o-Threonine
25. Ethionine sulfone
26. Asparagine
27. 2-Amino-3-ureidopropionic acid
28. a-Methylserine
29. Muramic acidl (3-0-Carboxyethyl-

D-glucosamine)
30. Homoserine
31. Glutamic acid-'Y-methyl estc'r
32. Glutamic acid-'Y-ethyl ester
33. a-Methylglutamic acid
34. Isovalthinesu
35. S-Methylcysteine
36. Felinine'
37. Felininic acid'
38. Penicillamine
39. p-2-Thi.enylserine
40. 2-Amiu'oadipic acid
41. Alanylasparagine
42. meso-Lanthionine (peak 1)
43. Formiminoglycine (peak 1)
44. Glycylasparagine
45. S-Ethylcysteine
46. Glutathiou'e (oxidized)
47. meso-Lanthionine (peak 2)
48. GlycylBerine
49. Isoserine
50. Allylglycine
51. a-Amino-n-butyric acid
52. threo-p··Phenylserine
53. Glutamviglutttmic acidh

54. Isovaline
55. Manosamine'
56. Formiminoglycine (peak 2)
57. Galactosamine
58. Pipecolic acid
59. Glycylglycylglycylglycine

chromatography-the name assigned to
any particular peak. This caution is
particularly germane when material of
biological origin, which has not been
previously examined by ion exchange
chromatogmphy, is first investigated.

Concerning amino acids emerging
after arginine, the positions of homo­
cysteine thiolactone [Zachal'ius and
Talley (24)], and homoarginine [Ger­
ritsen et al. (3)1 were confirmed, and
other examples are shown. Althou~h

the amines and aminoalcohols listed
above were eluted, cadaverine, putres­
cine, tyramine, tryptamine, histamine,
or histidyl-hllitidine were never ob­
served to leave the column, even when
analysis was extended to minute 1500
(25 hours).

2060 • ANALYTICAL CHEMISTRY

60. meso-Cystine
61. Glutamic acid-'Y-hydrazide
62. a-Aminopimelic acid
63. Glycylsarcosineh

64. Alanylglycylglycine
65. Alanylalanine
66. 3,5-Dinitrotyrosine
67. a-Methylmethionine
68. Phenylglycine
69. Alanine anhvdride
70. Djenkolic aCid
71. a-Amino-n-valeric acid
72. Norvaline
73. Glycylglycine
74. Cystathionine
75. a-Phenyl-a-alanine
76. alio-Isoleucine
77. Glycylglycylglycine
78. Glycylalanine
7fJ. Methionine sulfoximine
80. a-.-Diaminopimelic acid i

81. 2-Methylleucine
82. Ethionine
83. Norleucine
84. 3,4-Dihydroxyphenylalanine

(DOPA)
85. p-2-Thienylalanine
86. a-Hydroxy-o..aminovaleric acid"
87. 1-AminocycIopentane-l-carboxylic

acid
88. Alanylvaline
89. meta~Tyrosine
90. 'Y-Amino-p-hydroxybutyric acid
91. Glycylvaline
92. orlho-Fluorophenylalanine
93. meta-Fluorophenylalanine
94. Isoglutamine
95. Alanylmethionine
96. ortho-Tyrosine
97. Leucylglycine
98. Leucylglycylglycine
99. para-Fluorophenylalanine

100. Aianyinorvaline
101. Glycyinorvaline
102. Alanvlleucine
103. Glyc)'lethionine
104. o..Aminolevulinic acid, methylester
105. Homocystine~

106. Glycylleucine
107. Argininosuccinic acid l

108. Aianyinorieucine
109. Glycyinorieucine
110. Alaninol (2-Amino-l-propanol)
111. Glycine amide
112. Glycylmethionine
113. p-Amino-n-butyric acid
114. Glycyltyrosine
115. Glycamine (methylamine)
116. a-Aminocapyryllic acid
117. Glycylphenylalanine

In the cystine-methionine region
(minutes 570-610) the base line is
elevated commencing ""ith a small
artifactual peak (immediately in front
of the cystine peak) which coincides
with the exit of the pH 3.80 buffer.
A larger and longer base line elevation
occurs commencing with the exit of the
pH 4.30 buffer (minute 810) and ter­
minating at or near histidine (minute
990, approximately). These irregu­
larities could be, in part at least, due to
ammonia which as contaminant of the
buffers, would collect on the column
during conditioning and development
with the pH 2.875 and pH 3.80 buffers.
The appearance of the major portion of
this ammonia with the pH 4.30 buffer
is to be expected because of the decrease

118. Abnylphenylalanine
119. 2,4-Diaminobutyric acid
120. Alamine (ethylamine)
121. o..Amino-n-valeric acid
122. 2,3-Diaminopropionic acid
123. a-Amino-'Y-phenylbutyric acid
124. 2-Amino-l-butanol
125. 5-Hydroxytryptophan
126. Kyneurenine
127. Phenylalanylglycineh

128. p-Phenyl-p-alanine
129. 3-Aminotyrosine
130. 6-Hydroxytryptophan
131. o..Aminolevulinic acid
132. Leucvltyrosine
133. Glycyldehydrophenylalanineh

134. 4-Aminophenylglycine
135. Homocarnosine
136. 4-Hydroxytryptophan
137. 3-Iodotyrosine
138. Canavanine
139. 2~Amino-3-guanidinopropionic acid
140. .-Amino-n-caproic aCid
141. 2-Amin0-4-g11anidinobutyric acid
142. 3,5-Dibromotyrosine
143. Leucine amide
144. Homocysteine thioIactone
145. 3,5-Diiodotyrosine
146. 5-Methyltryptophan
147. Glycyltryptophan
148. Homoarginine'"

" Synthesized in this laboratory.
b Gift of Erich Baer, University of

Toronto, Toronto, Canada.
• Major peak; minor peak 10 minutes

earlier.
d Major peak; minor peak 25 minutes

earlier.
• Gift of Milan Logan/ U. of Cincinnati

ColI. of Med., Cincinnati, Ohio.
t Gift of Willard Schmidt, Cleveland

Metropolitan Hospital, Cleveland, Ohio.
• Gift of John Wriston and T. M. Wong,

University of Delaware, Newark, Del.
A Gift of Joseph Fruton, Yale Uni­

versity, New Haven, Conn.
, Gift of Richard Winzler, University of

Illinois College of Medicin~, Chicago, Ill.
i 40% LL + 60% meso; geometrical

isomers were not resolved.
~ DL + meso; geometrical isomers were

not resolved.
I Position of major peak; for explana­

tion of associated peaks see Cusworth,
D. C., and Westall, R. G. (1).

.. Gift of Theo. Gerritsen, University of
Wisconsin University Hospitals, Madison,
Wi...

in distribution of ammonia between
resin and fluid from approximately 10
to 1 to 3 to 1 that occurs when th
sodium concentration is increased from
0.2 to 0.8N. The temperature changes
introduced in the program of operation
would also affect the distribution of
ammonia, but in lesser degree. How­
ever, to date all efforts to eliminate
these irregularities have been unsuccess­
ful and all evidence so far obtained,
taken together, does not allow the un­
equivocal conclusion to be drawn that
they are solely due to ammonia.

To improve the resolution of the basic
amino acids over that previously pub­
lished for a single column (7), examina­
tion over a limited range of pH, sodium
concentration, and temperature was un-



Figure 5. Resolution of basic amino acids as function of pH, temperature, sodium
concentration, and buffer composition .
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20% (approximately) reduction in peak
width, or a gain in peak height of 1.2.
However, since pressure varies as 1/dp

2

(J1), this change is accompanied by a
.twofold, increase in pressure. Further
.significant reduction in particle diameter
would elevate pressures above the limits
of present pump and column design and
even then the improvement would
hardly merit consideration. Dispersive
effects on peak width, due to variation
in particle size were minimized by em­
ploying a very narrow range of particle
diameter.

Resin Density and Cross-Linking.
Sensitivity and resolution are depend­
ent on cross-linking as discussed in
the following, but the manipulation
of cross-linking as a variable is not
very satisfactory, partly because of
manufacturing convention and partly
due to lack of precise knowledge about
the actual degree of cross-linking in
the finished resin. Industrial practice
refers to the proportion of cross-linking
agent added in the synthesis of the resin,
disregarding the possibility that reaction
may be incomplete or that distribution
of agent throughout all polymer beads

960
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900840
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peak width is accompanied by a corre­
sponding increase in peak height; peak
height therefore is increased by apprmd.-
mately 2/V2, or 1.4. A column of 125
em. was adequate. As column length is
increased, resolution is increased only in
proportion to the 1/2power [Equation
12, (J1) 1, while pressure is increased
proportionately, so that a longer column
gains little in this instance except in­
creased pressure. Since O.5-ml. sample
volumes were to be used, the volume of
an 0.636 X 125 em. column was large
enough to prevent peak widening from
sample volume size (J1).

Resin Particle Size. Sensitivity
and resolution .were both improved
by using resin particle diameters as
small as possible, consistent with
reasonl\ble pressures. The quadratic
form of Equation 4 (Appendix A)
indicates that for values of dp<l, the
rate of decrease of peak width becomes
less as dp approaches zero. Selection of
a 17.5-micron particle diameter placed
the operating point (for peak width)
nearer the origin on the less steep part
of the curve. A reduction of particle
diameter from 25 to 17.5 microns gives a

dertaken. The results are shown in
Figure 5.

In every case development was carried
through pH 2.875 and 3.80 as for a
normal run, and the third buffer was
started ,at minute 780. In Figure 5A,
the temperature was 60° C., the sodium
concentration was 0.80N, and the pH
was varied. It is apparent that as the
pH is lowered the position of each
amino acid is changed, but not neces­
sarily in a manner to improve sepa­
ration. At pH 3.80, the peaks are
separated but they are broad so that
the excellence of the resolution is more
apparent than real and the time neces­
sary for the exit of arginine is excessive.
At pH 4.30 resolution is adeqnate, the
peaks are not wide, and arginine,is not
unduly retarded. In Figure 5B, pH
and sodium concentration were held
constant and at minute 780 the tem­
perature was either continued at 60°,
lowered to 50°, or raised to 70° C.
The marked temperature dependence of
the position of tryptophan is shown;
this led to defining more precisely the
conditions for its resolution from 3­
methylhistidine. In Figure 5C, pH
and temperature were held constant and
the sodium was varied by altering the
concentration of sodium chloride in the
buffer. Here the positions on the chro­
matogram of the peaks are shifted, but
the relative positions are little altered.
Tryptophan is again a marked excep­
tion, showin~ a characteristic independ­
ence of sodium concentration (7).

In Figure 5D, resolution with 0.267M
citrate is illustrated for comparison
with that shown in Figure 5A. At pH
5.0, in the high citrate buffer, 1-methyl­
histidine, 3-methylhistidine, histidine,
anserine, carnosine, and tryptophan are
grouped together. In the low citrate
buffer at the same pH, the grouping of
these amino acids is different, and the
difference makes possible the resolution
of them all at pH 4.30, without undue
retardation of the arginine.

DISCUSSION

This discussion is concerned with the
gain in sensitivity and resolution that
was achieved by attention to details of
column design, resin characteristics,
photometer flow cell design, and recorder
characteristics.

Column Dimensions. Increased
sensitivity was obtained by using a
smaller diameter column in place of an
O.9-cm. column. Applying Equations
2 and 3 (Appendix A) to each, it can
be shown that for the same amount of
amino acid and the same volumetric
input, peak width for an O.636-cm.
column is reduced by 1/2 (because of
reduced cross-sectional area) and in­
creased by V 2 (because of increased
linear flow rate) as compared with the
larger column. Combining these re­
sults gives a net decrease in peak width
of V2/2. The quantity V2is approxi­
mate, because C6, though smaller than
C4UO, is not negligiblc. The decrease in
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Figure 6. Density determined by sodium tungstate equilib­
rium position (21) and by standard pycnometric methods
(15)
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Figure 7. Distribution coefficients, Ka, as a function of
cross-linking as determined by density

may not be uniform (6,18). Industrial
practice also refers as 8% 1,0 resins which
may have been made with 7.5 to 8.5%
cross-linking agent. The term therefore
is nominal, nor can it be verified directly.
Wet absolute density (15) and water
regain (16) are parame1ers that vary
with cross-linking but though they may
be determined accurately, correlation
must still be made with nominal cross­
linking which has the inherent un­
certainties noted above. This dilemma
was resolved here by eorrelating wet
density of a series of resins with their
nominal cross-linking and accepting
the data as definitive. This seemed
justified as the data were consistent and
smooth curves could be drawn through
the experimental points. The relation­
ship is relative, for an absolute determi­
nation of cross-linking, if such were pos­
sible, might shift all points relative to
the horizontal axis (Figure 6). Bearing
in mind these limitations, it was thus
possible to assign to a resin a more pre­
cise value for its cross-linking by inter­
polation into this figure. Next, the
effect of cross-linking on amino acid dis­
tribution coefficients, K d (see Appendix
A for a definition of Kd) was examined,
because selectivity coefficients, of which
K d is a special limiting case, had been
shown to vary with cross-linking (18),
and because sensitivity and resolution
were known to be functions of K d [Equa­
tions 5 and 6, Appendix A, and Equa­
tion 12 (11)]. A predictable relation­
ship between K d and cross-linking
would thus make possible the evalua­
tion of the chromatographic suitability
of a resin, without trial runs, by a de-

termination of its wet absolute density;
This discussion continues therefore with
the determination of wet density and
distribution coefficients, the way in
which these parameters relate to cross­
linking, and the relationship of cross­
linking to sensitivity and resolution.

A series of resins were first tested for
uniformity of density in a tungstate
gradient column, [see Appendix C for
tungstate density methods based on the
work of Suryaram and Walton (21)].
The gift by the Dow Chemical Co.)
Midland, Mich. of these resins for study
is gratefully acknowledged. Each resin
showed a distribution of particles over
a very narrow range of density, indi­
cating excellent uniformity. Some resins
have been encountered with a distribu­
tion over a wide density range and others
with several discrete fractions; the
former may represent nonuniformity
arising during synthesis, the latter from
the mixing of different resin lots. The
wet density of the resins was then de­
termined also by a standard pycnometric
method (15). The results are shown in
Figure 6, where density is plotted
against nominal cross-linking.

Density varied in a consistent man­
ner and presumably may be considered
to be a continuous function of cross­
linking. Accepting this data as defin­
itive, it was then found that those
resins with demonstrably good chro­
matographic characteristics for amino
acid work had a wet, density p = 1.280 ±
0.002 equivalent to 8.5% cross-linked.
A resin 7.5% cross-linked failed to re­
solve some amino acids, and a 10% resin,

though giving excellent resolution, took
too long for the entire chromatogram.
On the basis of these findings, it would
appear that much amino acid work has
probably been done with 8.5% (actual)
rather than 8% (nominal) as usually
reported.

Using wet density as a criterion of
cross-linking, the relationship between
amino acid distribution coefficients and
cross-linking was ne},."t examined, (see
Appendix B for a method of determining
K d). The results are shown in Figure 7.

Straight lines were drawn through the
points, even though extension of the
data over a greater range of cross-linking
would likely have shown that the lines
had some curvature. This simplifica­
tion seemed justified by the consistency
of the data. It is seen that for the amino
acids, K d increased proportionately to
cross-linking and that each of the amino
acids exhibited a different slope. Cysteic
acid had zero slope, taurine a small nega­
tive slope, while glucosamine was non­
linear with negative curvature as shown.
It is also evident that as cross-linking
increased, the algebraic difference be­
tween K d for any two amino acids that
were compared, was also increased.
Considering K d as a linear function of
cross-linking, from Equation 5 (Ap­
pendix A), it is evident that peak width
increases or peak height decreases, as
cross-linking is increased. And by ap­
plying Equation 6 (Appendix A) to
any two amino acids and comparing V,
peak separation is increased as cross­
linking is increased, but the time of
elution is lengthened because of the

2062 • ANALYTICAL CIiEMIST~Y



APPENDIX

where A is the column cross-sectional
area in em.'

W=VC3+C4.Uo (3)

where Uo is the linear flow rate through

Appendix A. Equation 10 of Ham­
ilton, Bogue, and Anderson (11), ex­
pressed in simplified form shows clearly
the influence of variable quantities on
peak width. Neglecting the last term
in D L of Equation 10, collecting together
all quantities that are held constant,
noting that for a gauss curve, peak
width, W, at the base of the peak is
equal to 40", and examining one variable
at a time, the following relations hold:

the column in cc. perhour~i.e., Uo ==
(volumetric input)/A.

W = VC.dp + C6dp
2 (4)

where dp is particle diameter in em.

W = VCl + CS[(d(a) + C'[(d2 (a) (5)

where Kd(a) is the distribution coefficient
of component (a). K d is a dimension­
less number defined as the ratio (moles
of amino acid in the resin· pel' cm. 3 of
column volume)/(moles of amino acid
per cm. 3 fluid), at equilibrium. K d . is
a function of pH, sodium concentration,
temperature, cross-linking, degree of
suIfonation, and other variables. C1 to
C9 are constants.

Equation 1 of Hamilton, Bouge, and
Anderson (11) is:

v = AZ(Kd(a) + FI) (6)

where v is the effluent volume from the
column at emergence of the peak of
component a, whose distribution coeffi­
cient is Kd(a). PI is the void volume of
the column; it is a dimensionless con­
stant, which, for spherical particles
closely approximates 0.40 (11).

Appendix B. K d was calculated by
means of Equation 6 from runs on
columns packed with different cross­
linked resins. In all cases, column
development was with citrate buffer,
pH 2.95, 0.20N sodium, and at 54° C.
The void volume was assumed to be
the same in every case-i.e., F I =
0.40.

A more formal and more general
description of K d is given by Helfferich
(12). . .

Appendix C. Tungstate DenSItIes.
The following procedures were de­
vised, based on the work of Suryaram
and Walton (21). A nearly saturated
solution of sodium tungstate, sp. gr. =
1.40, was diluted with water to give
a series of solutions ranging in specific
gravity from 1.200 to 1.400 in steps
of 0.01; each solution was checked by
weighing and by hydrometer. The
cross-linking of any resin was rapidly
determined by introducing a knife
point into each of a series of small test
tubes each containing 1 m!. of one
of the tungstate solutions. The tubes
were stoppered and set in a draft-free
location. After 2 hours, resin that was
heavier than the solution was at the
bottom of the tube, resin lighter than
the solution was at the surface, and
resin of the same density was sus­
pended. A resin with particles that
were at both the top and bottom of a
number of adjacent tubes, had a wide
density dispersion or was composed of a
number of density fractions. Inter­
polation gave specific gravities to within
0.005. This test easily distinguished 5,
8, 10, 12, and 16% resins.

For a more precise determination and
to better visualize density dispersion,
10 m!. of each solution, starting with
the least dense of the range that was to
be covered, was carefully layered in a
100-m!. graduated cylinder. Such col­
umns, if handled carefully, changed
little for these purposes over a period
of several days. A knife point of resin

(2)

(1)

W = C,(A)

W = C,(Z)1/2

where Z is column length in em.

mm. flow cell described here. The
author acknowledges with thanks the
loan of such a photometer from the
Technicon Chromatography Corp., for
purposes of testing and comparison.
However, having in mind minimal alter­
ation of the 3-channel photometer with
stacked flow cells (20) and realizing that
a comparable amplification could be ob­
tained at the recorder, the potentiality
of tubular flow cells was reserved for
future study.

Recorder. A further increase of
peak height was obtained by using
recorders with continuously variable
span and zero suppression. The ratio
(range)/(span) determines the ampli­
fication applied to the incoming signa!.
For example, in the present method,
by displaying 2-mv. changes full scale
on an 8- to 1O-mv. range a factor of X 5
is introduced, equivalent to displaying
o to 0.0969 absorbance units full scale.
Similarly, a 1-mv. span on a range 20­
to 21-mv. range, is equivalent to 0 to
0.0213 absorbance units full scale or a
factor of X20. Combining all gain
factors, it is evident that peak height
can be increased from X3 to X30 with
very little change in standard apparatus;
with tubular cuvettes and a 21-mv. max.
recorder, a further amplification of X7
(approximately) could be realized.

In the present work, a 2-mv. span was
selected as it enabled 0.01 !Lmole of each
amino acid to be determined with
sufficient precision without too much
interference from base line changes. As
the amount of many free amino acids in
0.1 m!. of blood serum or plasma from
human subjects is, very approximately,
0.01 !Lmole, it was felt that this limit was
not too confining. The determination
of one order of magnitude less, though
possible, has yet to be achieved in a man­
ner that is satisfactory for a single col­
umn operation but this is currently
being investigated.

larger volume necessary for elution of
the peaks. That is, peak height and
resolution vary oppositely with cross­
linking. With present particle diameters
giving nearly minimal peak widths, reso­
lution is therefore largely governed by
peak separation, other variables being
constant.

Considering the combined effects of
cross-linking, pH, sodium concentration,
and temperature, for which K d is a
function of each, it is evident that several
sets of conditions might possibly be
found to accomplish the same ends. For
example, specific resolutions obtained
on an 8.5% resin may be lost on a 7.5%
resin, if the same conditions are used
with the latter as with the former. How­
ever resolution might be regained,
partially if not completely, by adjust­
ment of any or all of pH, sodium con­
centration, or temperature. Similarly,
if the resolution obtained with a 10%
resin was excessive and the time of elu­
tion too long, appropriate alteration of
these variables might recover the desired
form of the chromatogram. In some
instances it might be necessary to alter
column length and flow rate as indicated
by Equations 1 and 3 (Appendix A) to
obtain a satisfactory result. Evidently
optimization involves the selection of
conditions that are the best compromise
enabling desired ends to be achieved.

With regard to the origin of the resin,
it has been the experience here with
spherical particles, that if the capacity,
wet density, particle diameter, and
particle diameter distribution are the
same, column and other instrumental
variables being constant, the chromato­
grams obtained are essentially identical
regardless of the source or the time of
purchase. This has been true at least
with Dowex 50 purchased in 1953 and in
1960 and more recently with Chromo­
beads, Type B, (Technicon).

Photometer Flow Cells. Increased
peak height was obtained by using
4.4-mm. flow cells, a somewhat greater
depth than that previously reported,
but less than the maximum useable
(9). A 4.4-mm. cell gives a peak height
of X2 over the 2.2 mm. used originally
(20). Flattened or square cells gave un­
symmetrical peaks that trailed, presum­
ably because the radius from axial
stream to cell wall was not the same in
all directions. Combining the gain in
peak height from flow cell design with
that obtained from column design (1.4)
and from particle size reduction (1.2), a
total gain of X3 over the instrumenta­
tion of Spackman, Stein, and Moore (20)
was thus obtained.

The adoption of tubular flow cells in
which the light path and the axis of
flow coincide (14, 22) would give a
further gain. A currently available
commercial photometer with 15-mm.
tubular cuvette gave an increased peak
height of more than X3 over the 4.4-
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introduced at the top, settled slowly,
reaching an equilibrium position in
about 12 hours. The cylinders were
stored overnight in an incubator and
read the next day. With solutions
covering a limited range in steps of
0.005, there was little difficulty in
reading specific gravities to 0.002.
Resins of uniform density occupied a
single plane. Nonuniform resins were
dispersed throughout a region of the
column, or were collected in several
discrete planes.

To separate a resin into constituent
density fractions, columns were pre­
pared with 500 or 1000 lUI. of each
solution by layering in a 'l-liter grad­
uated cylinder. The cylinder was filled
nearly to the top with the least dense
solution. 100 to 200 grams of resin
could be carefully introduced and after
2 to :3 days, discrete fractions, if
present, had separated. Successive lay­
ers were removed from the column by
aspiration.
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Semiautomatic Machine for Group Separation of

Radioelem,ents by Cation Exchange

W. G. MATHERS and C. W. K. HOELKE

Atomic Energy of Canada Ltd., Chalk River, Ont., Canada

t> A technique for performing a flve­
group separation of radioelements by
cation exchange is described. Suit"
able counting sources are prepared for
each group on a semiautomatic ma­
chine. Twelve samples are analyzed
simultaneously, and flve counting
sources for each sample are obtained
and counted during un 8-hour day.
Total manipulation time for the an­
alyst during this peric,d is about 1.5
hours. Detailed analytical results are
presented for two sumples: a syn­
thetic mixture of th.~ radioelements
Sb 125; Zr, Nb 95; Cs, Be 137; C0 60; Sr, Y90;

Ce, Pr144; and a 3.6-year-old mixture
of flssion products. The radioelements
in these two samples report primarily
in the following groups: Group I, Sb,
Ru, Zr, Nb; Group II, Cs; Group III,
Co; Group IV, Sr; ClOd Group V, Y,
rare earth elements.

I N 1960, a program was started at this
laboratory to study the de­

contamination of radioactive-waste solu­
tions by ion exchange on the natural
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zeolite clinoptilolite (2). It was realized
that large numbers of samples would
have to be assayed for their radio­
chemical content, the most important
determinations being those for Sroo,
CSlil'l, and the rare earth elements as a
group. Since Sroo is a relatively weak
tl-emitter, such counting techniques as
scintillation spectrometry and external
tl-adsorption would not be applicable,
and chemical separations would be re­
quired. As a result, work was under­
taken to devise a simple and rapid
method for the radiochemical deter­
mination of the species mentioned above
in fission-product mixtures.

A cation-exchange column loading
and chromatographic elution scheme
was chosen in which the radioelements
are divided into five groups. The
separation is done on a machine which
feeds the samples and elutriants through
a battery of columns, the effluents being
simultaneously evaporated on counting­
source trays. Manipulation is required
only at the beginning and end of each
fraction. When this method is used in
conjunction with an automatic tl-count-

ing system, an analyst can separate 12
samples into five fractions and count the
fractions in one 8-hour day without
difficulty.

EXPERIMENTAL

Apparatus. A schematic diagram
of the analyzer appears in Figure 1.
The samples and the elutriants are
fed to the ion exchange columns from
lO-ml. disposable plastic syringeil.
During the pumping part of the cycle
the syringe bodies are clamped in
place and the plungers are depressed
at a uniform rate by a push bar driven
by a I-r.p.m. motor through a gear
train, rack, and pinion arrangement.

The column effluents drip onto heated
source trays, on which they are evap­
orated without boiling. A stream of
warm air is blown across each source
tray to ensure that the liquid is evap­
orated as fast as it is pumped. In the
chemical scheme all reagents are com­
pletely evaporable, so that at the end
of each group a set of sources suitable
for tl-counting is obtained. An ad­
justable limit switch can be set to stop
the machine when sufficient elutriant
has been expelled from the syringes.
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Figure 1. Semiautomatic analyzer

A. Source heaters control
8. Source heaters ammeter
C. Bodine motor
D. Bodine motar switch
E. Main power switch
F. Air supply pressure gauge
G. Air supply pressure-regulating valve
H. Solenoid valve
J. limit switch
K. Syringe clamp

L. Syringe
M. Ian exchange column
N. Air outlet
P. Source tray
Q. Air rotameter
R. Needle valve
S. Air manifold
T. Air heater
U. Push bar
V. Source heater

610 em. of coiled
stainless steel tub­
ing, O.635-cm. X
0.075-cm. wall

26 volts
28 amperes
Sehutte & Koerting,

Fig. 1853
2 liters per minute
Laurentian Metals,

A622-9
Hastelloy C

Air heater voltage
Air heater current
Air rotameters

Table I. Operating and Constructional
Data for Semiautomatic Analyzer

Drive motor Bodine, KYC-22RC
Motor speed 1 r.p.m.
Pinion speed 0.018 r.p.m.
Rack pitch 10 teeth per inch
Syringes American Hospital

Supply, 41775
1.64 em.
6.9 m!. per hour
0.5 em. by 5 em. 100ig,

Dowex50-X4
Fisher Scientific,

11-502-15
41 volts

Syringe bore
Pumping rate
Columns

Source heater
voltage

Air heater

Source heaters

Air flow rate
Source trays

Source tray
material

glass columns. with the stopcocks
closed are loaded with fresh, condi­
tioned batches of resin slurried in
water. The settled resin-bed height
is adjusted to 5 em. and the remaining
space is filled with water.

The samples are loaded into the
syringes (see below), which are attached
to the columns. In this step and in
subsequent syringe loadings the bulk
of the trapped air must be removed
from the syringe after the liquid is
drawn into it. This is achieved by
inverting the syringe and tapping the
air bubbles to the top, then expelling
the air by carefully pushing the plunger.

The push bar is freed from the gear
train by disengaging the worm from
the worm gear. The push bar is then
raised out of the way by turning the
worm gear manually.

The assembled syringes and columns
are clamped loosely in place and the
push bar is lowered manually until it
just clears the highest plunger. The
push bar is engaged by reversing the
above steps. The syringe-column as­
semblies are then raised until all
plungers are in. contact with the push
bar. They are then clamped firmly.

A drawing of the syringe, .col~mn,
and source tray arrangement IS gIven
in Figure 2. A loaded syringe is at­
tached to a column by simply pressing
it into the Teflon plug at the top of the
column. The source trays are made
from the alloy Hastelloy C, which is
resistant to corrosion by the reagents
used.

Some pertinent operating and con­
structional data for the machine are
listed in Table I. The elutriant flow
rate was 6.9 ml. per hour for the
assembly described. This rate was
readily' increased by changing spur
gears in the gear train and the machine
was operated at 9.6 ml. per hour
with no apparent effect on the efficiency
of the chemical separation. However,
at this higher rate it was difficult to
evaporate the liquid without occasional
spattering, resulting in the loss of ma­
terial from the source tray. This
difficulty was avoided at the lower flow
rate.

Mechanical Procedure. At the
start of each batch of analyses the
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After the syringes are completely
emptied, the motor switch is turned off,
the column stopcocks are closed, the
push bar is raised, and the syringes are
removed from the columns and dis­
carded. The first rinse solution may,
of course, be put through the same
syringes. However, discarding them
results in a loss of less than 0.5% of the
sample and minimizes cross contamina­
tion between the fractions.

The first elutriant is drawn into new
syringes and the machine is loaded and
started as above. The evaporated res­
idues from the first two pumping cycles
form the Group I counting sources.

The next four elutriants are pumped
in sequence from the same set of
syringes. The evaporated residues from
each cycle form the Groups II, III, IV,
and V counting sources, respectively.

At the end of the analysis, the resin
columns are emptied and washed in
preparation for the next run. For best
efficiency, it is convenient to have
two complete sets of glass resin columns
so that a set of freshly loaded columns
is available for immediate use.

It is important that the syringes be
sufficiently free from air bubbles before
attachment to the resin columns, so that
no air enters the resin at the end of a
pumping cycle. A few tiny bubbles are
tolerable and, with a little practice, the
analyst has no difficulty in reducing the

trapped air to a tolerable amount and
recognizing it as such.

Separation Scheme. Many ion ex~

change methods are reported in the
literature for the separation of radio­
elements into groups (l, 3).

The method used was a modification
of that devised by Yamatera and Kubo
specifically for the separation of aged
fission-product mixtures (3). The chief
reason for preferring this scheme over
others was that all reagents used are
completely evaporable. Modifications
to the originally described scheme were
required to circumvent the following
difficulties: Zr and Nb appeared in ap­
preciable amounts in all fractions, and
Co appeared in the same fraction as Sr.

Reagents. The resin tised was
Dowex 50W-X4, 100- to 200-mesh.
The as-received resin was pretreated
(in a large column) by passing
through it 5 column volumes of IN
HCl, followed by 5 column volumes
of H20. It was then ready for use.

The elutriants were prepared from
reagent grade chemicals. Their com­
positions and volumes were as follows:

Group I, sample plus 6 m!. of O.IN
HCI-0.02N H2C204; Group II, 10 m!.
of 0.50N HNOa; Group III, 8 m!. of
0.45N HCNS; Group IV, 10 m!. of
l.ON HNOa; Group V, 10 m!. of 2.0N
HNOa• The 0.45N HCNS was pre-

Nal crystal 3 X 3 inches
Absorber thickness. 620 mg./sq. em.
Source distance. 1.5 mm.
Energy scale. """15 k.e.v./channel
P\lr\lmeter. Group number
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Figure 4. Gamma spectra of separated groups from syn­
thetic sample
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Figure 3. Elution spectrum of synthetic sample

Figure 2. Detailed drawing
of syringe-column assembly
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Source trays are positioned below the
colunms. With the motor switch in
the off position, the master switch is
operated to turn on the air flow, air
heater, and source heaters. After a
few minutes' warmup the motor switch
is turned on and the stopcocks on the
bottom of the columns are opened
This starts the run.
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Source distance. 1.5 mm.
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Parameter. Group number

pared as follows: One liter of 3.1M
HCI containing 150 grams of KCNS
was extracted with 1 liter of benzene
and the aqueous phase discarded. The
organic phase was then backwashed
with 500 ml. of H20. The aqueous
phase was separated, titrated for CNS-,
and adjusted to 0,45N with H20.

Sample Pretreatment. Yamatera
and Kubo recommended that the sample
for analysis be pretreated by taking it
to near dryness with concentrated HCI
containing bromine.

The use of concentrated HCI was
essential to ensure that the bulk of the
Ru was eluted in Group I. Comparative
tests on various fission-product mixtures
showed, however, that the use of Br2
caused difficulty with respect to Sb,
apparently by colloid formation. Con­
sequently bromine was not used here
and the sample pretreatment was as
follows:

Low LEVEL. The sample was evap­
orated to dryness in a beaker. The res­
idue was dissolved in 2 ml. of 11.6N
HCl and again taken to dryness. The
residue was dissolved in 2 mI. of O.lN
HCI-0.02N H2C20 4, which was drawn
into a syringe. One milliliter more of
this reagent was used to rinse the beaker
and was also drawn into the syringe.
The syringe was then attached to the
ion exchange column as described above.

HIGH LEVEL. The appropriate ali­
quot was added to 2 ml. of 11.6N HCl
and evaporated to dryness. This res­
idue was dissolved in O.lN HCl­
0.02N H2C20 4 as above.

Since the columns used had a total
exchange capacity of about 1.3 meq., it
was important that the sample aliquot
did not have a total cation content
(excluding hydrogen ion) approaching
this value. Aliquots containing as much
as 0.25 meq. were analyzed successfully,
however.

RESULTS

A synthetic solution was prepared
containing the following radioelements:
Sb125; Zr,Nb95 ; Cs,Ba137 ; C060; Sr,
Y90; and Ce,Prl44• Two O.l-ml.aliquots
of this solution were applied to two resin
columns. For reasons not pertinent to
this work, sample pretreatment in this
instance consisted simply of diluting
each aliquot to 10 ml. with lO-WHCl.
It is known that Ru would be poorly
separated under these circumstances.
The elutriation scheme described above
was followed.

In one case the column effluent was
collected on source trays in 1-ml.
fractions. These sources were counted
shortly after collection on a thin­
window proportional counter with about
a 35% geometry factor. The elutriation
curve plotted from the counting results
is given in Figure 3. In the second case
the column effluent was collected on five

source trays corresponding to the above
groups and each source was counted by
scintillation spectrometry using a 100­
channel pulse-height analyzer with a
gain setting of about 0.015 m.e.v. per
channel. The resulting spectra are
plotted in Figure 4. Theupper curve in
Figure 4 was obtained from a source
containing 0.1 ml. of the original solu­
tion. All sources were counted in the
same position and for the same length of
time (after corrrection for dead-time
loss), so that the lower five curves
would be expected to add up to the
upper curve.

The J3-counting rate of the synthetic
solution was known accurately from
analysis of the original tracer solutions
for CS137, C0 60, and Sr, Y90. The 13­
counts on Groups II, III, and IV
sources from the first experiment were
totaled to give a comparison between
the above values and those found in the
group separation. Group IV sources
were counted 3 weeks after separation
to allow the Sr, y90 secular equilibrium
to be established. These results are
given in Table II.

Data similar to those shown in
Figures 3 and 4 are given in Figures 5
and 6, in this case for a relatively long­
cooled fission product mixture (sepa-
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Table II. Comparison between Known and Determined ,B-Counting Rates

,a-Counting rate, c.p.m.B

Component Known Determined Error, %
Cs13'T 1.57 X 10· 1.55 X 10· -1.2
C0 40 3.85 X 10· 3.97 X 104 +3.0
Sr, yoo 4.51 X 10· 4.73 X 10· +4.5

B Same counter as used in obtaining data for Figure 3 but in lower position where
geometry fa,~tor was about 10%.

the ~rOllp aR a whole are estimated
to be: Zr-Nb, >350; Ru, >30; Cs,
>1300; Co, >4000. The recovery of Ce
(and, by inference, Yand the remaining
rare earth elements) in Group V was
essentially quantitative (99.9%).

No radioactivity was found on the
columns after thc separations.

rated fission products from natural
uranium irradiated to 0.7 atom %
burnup and cooled for 3.6 years).
The samples were pretreated as de­
scribed above.

The isotopic assignments given to the
various photopeaks in Figures 4 and 6
are not strictly correct in every case,
since some of the photons identified
actually come from short-lived daughter
isotopes. The highest energy gamma
shown for RU106 and the two highest
energy gammas shown for CSl34 are
"sum" peaks-i.e., they result from two
gammas in cascade being captured in the
crystal.

The results in Figures 4 and 6 were
analyzed to give quantitative informa­
tion about the disposition throughout
the scheme of the various radioelements
in the two samples analyzed. The pro­
cedure consisted of stripping the various
spectra, using standard curves to
estimatel:he amounts of impurity
present. In those cases where the
stripped spectra did not sho\" a given
peak, a statistical estimate was made of
the maximum amount that could be
present. The results of such an analysis
are given below in the order of the
elutriant groups.

Group Y. Group I contained the
bulk of the Ru, Sb, Zr. and Nb.
Yamatera and Kubo's scheme was
modified by the inclusion of oxalic
acid in the Group I reagent. Oxalic
acid forms stable, anionic complexes
with both Zr and Nb and either pre­
vents or reverses hydrolytic poly­
merization of both species in the dilute
acid medium. It can be inferred
from the data shown in Figure 3 that
depolymerization of these two species
by complexing action is relatively
rapid.

There was essentially no contamina­
tion of this group by the radioelements
that follow in the scheme, except in
certain cases by Co, as indicated below.
Recoveries were estimated at greater
than 98% for Ru, Zr, and Nb. The
recovery of Sb could not be estimated
with precision from the data given here,
but in more sensitive cases it was
invariably greater than 95%.

Group II. Cs was eluted in this
fraction with a yield of about 99.9%.
In Figures 3 and 5 it can been seen
that the elution spectra Bhow a double
peak in this group. The gamma
spectra of the sources under the first
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peak showed Cs to predominate. No
explanation can be offered for this
phenonemon. Decontamination factors
of the Cs from other species as estimated
from Figures 4 and 6 were: Zr-Nb,
>100; Ru, >25; Co, >5000; Ce,
>60.

The first two and the last numbers
quoted are undoubtedly conservative
and reflect the lack of sensitivity of the
method in this case.

Group III. This group waB added
to Yamatera and Kubo's scheme to
avoid contamination of the Sr frac­
tion by Co. Thiocyanic acid stripped
Co from the resin by complexing
without any apparent detrimental
effect on the subsequent separations.
The Co was recovered in high yield
(>99.9%) with the following de­
contamination factms: Ru, ~300;

Cs, ...... 1600; Ce, >1200; Sr, >1000.
The last number quoted was evaluated
indirectly.

In some of the samples analyzed an
appreciable fraction of the Co was
eluted in Group I, with the remainder
appearing in Group III. Some of the
Co in these samples was undoubtedly in
the form of a stable anionic complex.

Group IV. Sr was eluted in this
group. It can be inferred from Fig­
ures 3 and 5 that recovery was high
(>99.5%). The Group IV gamma
spectra in Figures 4 and 6 show
primarily the Sr90 bremsstrahlung. In
one case there is evidence of slight con­
tamination by Zr, Nb96, while in the
other case traces of RU l06 and CS 137 are
present. Decontamination factors esti­
mated from these curves were: Zr-Nb,
'-" 160; Ru,,-,, 300; Co, >4000; Cs,
'-" 3200; Ce, >1200.

In growth and decay of tl-activity on
Groups IV and V sources indicated that
y90, the 64-hour half-life daughter of
Sr90, was mainly eluted in Group V.
Since y90 is a tl-cmitter only, the data in
Figures 3 and 5 can give no indication
of the completeness of the separation.
There is no reason to believe, however,
that the decontamination factor of
Group IV from Y was any less than the
value quoted for Ce-namely, >1200.

Group V. The remaining radio­
elements in the samples examined­
Y and the rare earths-were eluted
in Group V. The Group V gamma
spectra show no evidence of cross
contamina.tion from the other groups,
and the decontamination factors for

DISCUSSION

The above data describe the behavior
in the scheme of the long-liv,~d radio­
elements in fiBsion product mixtures and
the activation product Co'5O. The
Group I radioelements (Ru, Sb, Zr, Nb)
were the least well separated. A re­
covery of greater than 98% in Group I
was found for these elements in the two
analyses cited. This figure Fhould be
regarded with caution. The aqueous
chemiRtry of all of these elements
(especially Ru) is complex and it is
possible that their destination in the
scheme might depend on the previous
history of the sample. It has been the
practice in this laboratory to minimize
the time lag between evaporahon of the
sample in concentrated HCI and loading
to the column. This was don'3 hecause
of work reported by Minami. Honda.
and Sasae [see (3)], who found that on
dissolving a fission-product sample (in
dilute HCI), that had been previously
taken to dryness with concentrated
HCl, there was a slow ingrowth of
cationic Ru.

To test the role of NOs- ion ~n Groups
II, III, IV, and V separation!', the
synthetic sample described above waR
analyzed, replacing the nitric !wirl
reagents with the same concentratiom;

. of hydrochloric acid. When comparerl
with Figure 3 the resulting elution
spectrum showed extended trailing
edges for both the Cs and Sr:Jeaks anrl
less steep leading edges for the Co and
rare earth peaks.

These phenomena resulted in signifi­
cant cross contamination between
Groups II and III and also between
Groups IV and V. The latter finding is
in agreement with reBults reported by
Yamatera and Kubo (3).

A possible explanation of the above
results is that both Cs and Sr are
complexed to some degree hy NOa­
and Co and the rare earth elements are
complexed by Cl-.

The degrees of complexing is
relatively weak in all cases.
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Separation of Calcium and Strontium by
liquid Ion Exchange

Determination of Total Radiostrontium in Milk

F. E. BUTlER

Savannah River Plant, E. I. du Pont de Nemours and Co., Aiken, S. C.

Table I. Extraction of Radionuclides
from Aqueous Solutions

Per cent exchanged to 20% HDEHP pha.se
MellSured equilibrium pH of

aqueous solutions

exchanged from aqueous solution to
the organic phase in a 5-second shaking
period. Strontium-85 was also rapidly
and quantitatively stripped from 20%
HDEHP with an equal volume of 3N
HN03•

Additional tests were made with
samples containing Ca46 and Sr'l6.
Aqueous-to-organic volume ratios were
varied from 1: 1 to 1: 2 using 5, 20, and
40% HDEHP. Results for 5 and 20%
HDEHP are summarized in Table II.
Although there was not complete sepa­
ration of the radionuclides in one ex­
traction, comparisons were made of
the amounts of Ca4• exchanged with
10 and 15% of the Sr85. The optimum
conditions resulted when equivolumes
of aqueous and 20% HDEHP solutions
were used. Forty per cent HDEHP
showed separations similar to those of
20% solution and are not shown. The
complete data for the optimum Ca46 and
Sr85 separation are plotted in Figure 1,
showing exchange of 94% Ca45 and 10%
Sr85 at equilibrium pH 2.8. These
exchanges were reversible on addition
of NH40H or HCI.

Similar separation was achieved from
a sample containing 200 mg. of calcium
carrier and Sr~9 tracer. Calcium was
exchanged first at pH 2.8. Strontium­
89 was then exchanged to a fresh solu­
tion of 20% HDEHP at pH 5. The
Sr69 was stripped from the organic
solution with 3N HN03, the acid was
evaporated, and the residue ws

46
98

>99
66

>96

46
96

>99
33

>99

31
46

96

pH 1 pH 3 pH 4 pH 5

<1 >95 100 100
<1 33 90 >99
<1 3 13 37
<1 15 26 65
33 99 >99 >99
72 36 42 75
21
11
<1
68
17 >99

<1 17
<1
<1

Nuclide
Ca'6
S,s·
Cs-Ba137

Ru-Rh loO

Ce-Prl44

Zr-Nb95
Nb96
1131

C0 60

Fe·9

Znos

CrOl

p33

Mn·4

samples (1). However, recovery of
strontium from milk by this procedure
is low.

Liquid ion exchange is a relatively
new technique that shows promise in
many chemical separations, and its
technology has been summarized in two
recent reviews (3, 4). Despite success­
ful use of liquid ion exchange in experi­
mental and pilot plant separations (9), a
review of extraction procedures (5)
showed that the method has not been
widely exploited for analytical purposes.
Coleman, Blake, and Brown (3) stressed
the potential usefulness of liquid ion ex­
change in analytical chemistry, indicat­
ing that most of the elements might be
separated by one or more of 55 anion
and cation exchange reagents.

The purpose of this study was to
develop a rapid method for separating
large amounts of calcium from stron­
tium, to, accurately determine total
radiostrontium, and to obtain an approx­
imation of strontium-90 content.

EXPERIMENTAL

Tests with Aqueous Solutions. Pre­
liminary experiments were made using
dilute aqueous solutions. Fourteen
radionuclides at levels of 106 d.p.m.
or higher were separately prepared in
0.08N HCI solution and extracted
with 5 and 20% (0.16 and 0.64M)
di - 2 - ethylhexyl phosphoric acid
(HDEHP) dissolved in toluene. Vari­
ous amounts of NH40H (28 to 30%
NHs) were added to the aqueous solu­
tions to attain pH's of 1 to 5 (equi­
librium pH) after 1 minute of shaking.
Aqueous and organic volumes were 60
ml. Aliquot:'! of one or both phases were
counted as the liquid in a gamma well
counter or evaporated on stainless steel
planchets and counted in a beta counter.
A standard pH meter was used.

Of the two exchange media concen­
trations tested, 20% HDEHP dis­
played better exchange characteristics.
Only Zr-Nb96, Fe69, and Z065 exchanged
to the 5% organic phase at pH l.
Results of initial tests with 20%
HDEHP are shown in Table I. Greater
than 95% Ca46 was exchanged at pH 3
compared to 33% Sr'l6.

The rate of exchange of Sr86 is of
interest. Tests showed that at pH 5,
greater than 99% of the nuclide was

t> A rapid liquid ion exchange method
is described for separating quantities
of calcium from strontium in dilute acid
solution. Separate extractions were
made with di-2·ethylhexyl phosphoric
acid (HDEHP) dissolved in toluene
after stepwise pH adjustments of the
aqlJ'eous solution. Calcium, strontium,
and other cations in 250 ml. of milk
were first concentrated in 60 ml. of
dilute HCI solution by a batch ion
exchange resin technique. After sepa­
ration of calcium and radiostrontium
by the liquid ion exchange method,
Sr89 and Sr90 were stripped from the
final organic phase with 3N HNOs and
precipitated from fuming nitric acid.
The counting planchet contained only
2% of the calcium and 85 ± 5% of
the strontium in the original milk sample.
Decontamination factors for y90, CS1S7,

K40, la 140, and pSI were greater than
lOs. Ba,140 if present, can be removed
by homogeneous precipitation of
barium chromate.

A lIfAJOR PROBLEM in analysis of milk
and other biological samples for

total radiostrontium is the removal of
the large quantities of calcium before
counting. While Sr90 can be determined
by carrier-free separation and counting
of the Y90 daughter (2), Sr89 must be
counted directly in combination with
Sr90• The solid material on the planchet
must be small to prevent absorption of
the low energy Sr90 beta particles during
counting.

The classical fuming nitric acid
method of Willard and Goodspeed (8)
is frequently used to separate Sr'l9 and
Sr90 from calcium. Although this
method is rapid and offers good de­
contamination factors for other radio­
nuclides, it is not convenient for separa­
tion of strontium from the large quanti­
ties of calcium found in milk. Use of
solid cation exchange resins results in
good separation, provided that only trace
quantities of calcium are present (6).
Weiss and Shipman (7) reported the
selective precipitation of strontium as
the rhodizonate and this procedure was
adapted at the Savannah River Plant
for use with several types of biological
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Figure 1. Exchange of Ca 45 and Sr85 from dilute aqueous
solution to HDEHP solution

Table III. Calcium and Strontium
Exchange

evaporate the acid to dryness. Dis­
solve the solids in 1 m!. of distilled water
and 2 m!. of 70% HN03 and transfer
to a 100-m!. round-bottomed centrifuge
tube with a total volume of 50 ml. of
fuming HN03. Let the sample stand
for 15 minutes, with occasional swirling,
then centrifuge it to collect the stron­
tium nitrate. Decant the supernate,
centrifuge the precipitate with 10 m!.
of fuming HN03 wash, and discard the
wash. Dissolve the precipitate in 2 ml.
of distilled water and planchet. Count
the planchet in a low-background beta
counter.

Analyze all samples in duplicate with
a third aliquot spiked with Sr-Y90 for
determination of recovery.

mounted on. a planchet. The planchet
contained 90% of the original Sr89 and
10% of the calcium.

Test with Milk Solutions" Tests
were made with milk samples spiked
with Sr85, Sr89, and Cs-Ba137. The
cations in the milk were concentrated
by a batch ion exchange resin technique
reported previously (2). A Bnal dilute
HCl solution was prepared eontaining
most of the inorganic cations originally
in milk.

Although results for dilute aqueous
solutions demonstrated that calcium
and strontium can be separated, further
experiments were necessary to de­
termine the conditions for separation in
milk 801utions. A composite solution
representing 10 dairy milk samples was
exchanged by the procedure used for
dilute aqueous solutions. These results
are shown in Figure 2. Calcium was
not adequately removed from milk
solutions at equilibrium pH 2.8. Con­
trary to the data in Figure 1, however,
less than 10% of Sr85 tracer was re­
moved. by equivolume extraction of
milk solution with 20% HDEHP at
pH 3..8. Two separations for calcium
were necessary. The majority of the
calcium was removed in the first ex­
change from solution adjusted to pH

3.6 to 3.8. The second exchange re­
moved the remaining calcium from the
milk solution adjusted to pH 2.6 to 2.8.
Radiostrontium was then exchanged
from solution at pH 4.8 to 5.0.

Although initial liquid ion exchange
separations of calcium and radiostron­
tium from milk solutions were satis­
factory, decontamination factors (D. F.)
for CS137 and K40 were only 10 and 50,
respectively. A fuming nitric acid
separation was included in the pro­
cedure to improve the D.F.'s.

Procedure for Total Radiostrontium
in Milk. Concentrate calcium and
strontium from 250 m!. of milk into
60 m!. of 0.08N HCl solution by the
batch ion exchange technique (2). The
pH's in the following steps are those
of the solution after extraction. The
approximate volumes of concentrated
NH40H required to attain these equi­
librium pH's are shown in Table III.

Extract the sample with 60 ml. of
20% HDEHP at pH 3.6 to 3.8, and
then with a second 60-ml. portion at
pH 2.6 to 2.8, discarding these extracts.
Extract with a third 60-m!. portion of
HDEHP at pH 4.8 to 5.0.

Strip radiostrontium from the last
organic phase with 60 m!. of 3N HN03.
Add 10 mg. of strontium carrier and

Exchange

First calcium
Second calcium
Radiostrontium

Aqueous
equilibrium

pH

3.6 to 3.8
2.6 to 2.8
4.8 to 5.0

Approx­
imate
vol.

NH.OH
required

1.0 ml.
0.2 ml.
1.2 ml.

Table II. Separation of Ca 45 and Sr85 in Aqueous Solution

Ratio
% aqueous-

HDEHP to-
Nuclides exchanged to organic phasein organic,

toluene ml. Sr85 Ca45 pH Sr85 Ca45 pH

5 60:60 10% 44% 3.5 15% 55% 3.7
20 60:60 10% 94% 2.8 15% 95% 2.9
20 40:80 10% 84% 2.3 15% 85% 2.5

RESULTS AND DISCUSSION

Eight milk samples were spiked with
Sr-Y90 and analyzed by the total radio­
strontium procedure. Sr90 recovery was
85% with relative standard deviation
of ±5%. The final precipitates weighed
60 mg. compared to 35 mg. found by
direct precipitation of strontium carrier.
This indicated the presence of only 5
mg. of calcium [weighed as 25 mg. of
Ca(N03k 4H20 J compared to 300 mg.
of calcium in 250 ml. of milk. D.F.'s
for CS137, K40, and Y90-the most likely
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milk contaminants-were greater than
103• Three other nuclides, p3l, Ba140,

and Lal40, are possible short-lived milk
contaminants immediately following
nuclear tests. The D.F.'s for p3l and
La140 are high because of the combined
discriminations in the batch resin ex­
change preparation of milk, the liquid ion
exchange separation, and the fuming
nitric acid precipitation. A homo­
geneous precipitation of barium
chromate yielded a satisfactory Bal40

D.F. (1).
The Sr89 concentrations are calculated

by difference between total radiostron­
tium and Sr90• An individual sample
can be analyzed in 3 hours compared to
approximately 8 hours required for the
rhodizonate procedure (1).

Separate Sr90 determinations for 500­
ml. samples are still done by extracting
and counting the y90 daughter (2).
The Y90 is counted accurately and later
recounted to verify purity. Total
radiostrontium may also be retained for
y90 buildup and then recounted to de-

termine Sr90 content, although this
procedure involves counting the three­
component mixture of Sr89, Sr90, and
y90, which have different counting
efficiencies. A rapid approximation of
higher levels of Sr90 in milk samples may
be made by this method. Several Sr90

concentrations calculated for milk
samples recounted after 3 to 6 days were
within 10% of the amount determined
by the Y90 extraction method. The
accurate determination of Sr89 will be
useful in age-dating of radiostrontium
found in milk and will provide a clue to
origin-i.e., fallout V8. local origin.
In addition, the rapidity with which
samples can be analyzed for both total
radiostrontium and Sr90 will be of great
value in the event of unusual deposition
of radioactive materials in the environs.

The use of the liquid ion exchanger
HDEHP for separation of elements
other than calcium and strontium was
only briefly explored. Tests with a
number of radioisotopes (Table I)
indicate that such application is feasible.
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Selective Separation of Polycyclic Aromatic Compounds
by Countercurrent Distribution with a Solvent System
Containing Tetramethyluric Acid

JAMES D. MOLD, THOMAS B. WALKER, and LEE G. VEASEY

Research Department, Liggett and Myers Tobacco Co., Durham, N. C.

~ A solvent system incorporating
tetramethyluric acid as a selective
compliexing agent has been used to
separate several polycyclic aromatic
hydrocarbons of similar structures.
Distribution coefficients measured for
other representative polycyclic aromatic
hydrocarbons and heterocyclic com­
pounds indicate the general utility of
this separation method. Solubiliza­
tion by the purine is greater for poly­
cyclic compounds with more fused rings
and more compact arrangement of
these.

SEPARA'fION of polycyclic aromatic
compounds has usually been ac­

complished by adsorption chromatog­
raphy on alumina or silicic acid. This
resolves a mixture of these compounds
into less complex fractions but often
fails to give pure individual compo­
nents. For example, benz(a)anthracene
and chrysene are not well resolved nor
are benzo(a)pyrene, benzo(e)pyrene, and
benzo(k)-fluoranthene. Further sepa­
rations can sometimes be achieved by
partition chromatography on paper or
by gas-liquid chromatography. The

latter methods are usually limited to the
use of rather small quantities.

The use of solvent extraction for the
purification of polycyclic aromatic com­
pounds has been reported by several
workers. Steidle (14) utilized nitro­
methane to extract this type of com­
pound from pentane. More recently,
nitromethane has been used for the
extraction of polycyclic aromatic hydro­
carbons from cyclohexane solutions of
cigarette smoke condensates (9, 11).
Other solvents evaluated by Haenni,
Howard, and Joe (10) are acetonitrile,
dimethylformamide, and methylsulfox­
ide, which were applied to the removal
of polycyclic aromatic compounds from
heptane solutions of paraffin wax.
These solvents are useful for the separa­
tion of unsubstituted polycyclic aro­
matic hydrocarbons as a class but do not
selectively separate individual com­
pounds.

Golumbic (8) studied several solvent
pairs to obtain a system suitable for the
separation of individual polycyclic aro­
matic compounds by countercurrent
distribution. These solvent systems
included cyclohexane: 80% ethanol,
cyclohexane: 98% acetic acid, benzene:

80% acetic acid, iso-octane: 87% ethanol
and n-heptane: aniline. He concluded
that the first of these was the most
selective for isomeric methylnaphtha­
lenes. Relatively little separation was
observed for unsubstituted polycyclic
hydrocarbons.

In our approach to this problem, we
felt that the use of a complexing agent
selective for these compounds would be
desirable. The solubilization of poly­
cyclic aromatic hydrocarbons in water
by purines had been demonstrated by
Brock, Druckrey, and Hamperl (4).
Certain hydrocarbons of this class, in­
cluding benzo(a)pyrene, were solubilized
to a greater extent than were others.
Weil-Malherbe carried out extensive
studies with several purines (16). He
found that tetramethyluric acid w,lts the
most effective of the several purines
which he tested for solubilization of
benzo(a)pyrene. Wanless (15) utilized
aqueous caffeine solutions to prepare a
polycyclic aromatic concentrate from
high boiling petroleum products. Solu­
bilities of several carcinogenic aromatic
amines were shown by Neish (J3) to be
greatly increased by the addition of
caffeine or tetramethyluric acid. Simi-
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A. 8enzolg,h,;Jperylene
8. 8enzole)pyrene
C. Benzola)pyrene
D. Chrysene
E. Benzla)anlhracene
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RESULTS AND DISCUSSION

An advantage of the countercurrent
distribution method for separation of
mixtures is that quantit..'l.tive estimates
of components can be made on the ba..<;is

Procedure for Single-Tube Dis­
tributions. An amount of the poly­
cyclic compound sufficient to permit
accurate absorbance measurements
was dissolved in the upper phase of
the solvent systems prepared as
described above; An aliquot of the
upper-phase solution was equilibrated
with a measured \'olur~e of lower phase
by Yigorour::ly shaking for about 1
minute. The two phases were allowed
to separate and the upper phase was
centrifuged to clarify it. AliquotR of
the unextracted and extracted upper­
phase solutions were then removed,
washed once \'lith water, and centrifuged
to provide initial and final solutions for
ultraviolet absorption meaf'urement. A
Perkin-Elmer Model 350 spectropho­
tometer was utilized for these measure­
ments. Absorption intensities of the
two solutions were estimated at an
appropriate ma>.:imum using base line
corrections. The distribution co­
efficients were calculated using the
equation

K= (AI) ~ (1)
(A, - AI) Vu

where
AI = absorbance of upper phase

after equilibration
At = absorbance of upper phase

before equilibration
V I = volume of lower phase
Vu = volume of upper phase
Values obtained for a number of poly­

cyclic aromatic compounds in several
solvent pairs are presented in Tables
1 and 11.

B
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Figure 1. Countercurrent distribution of several polycyclic aromatic compounds
between cyclohexane and 0.83% tetramethyluric acid in methanol :water (9: 1
v./v.)

mercial sources and were further puri­
fied by repeated column chromatog­
raphy on alumina.

SOLVENT SYSTEM FOR COUNTER­
CURRENT DISTRIBUTIONS. Nine grams
of tetramethvluric acid was dissolved in
one liter of 9':1 (v./v.) methanol:water.
This solution was equilibrated with 1
liter of cycIohexane to give 1080 m!. of
lower phase and 920 m!. of upper
phase. Only a negligibly small portion
of the tetramethyluric acid was present
in the upper phase. It was calculated
that the lower phase contained 0.83%
(w./v.). Solvent pairs containing other
concentrations of tetramethyluric acid
were prepared !'imilarly.

COUNTERCURRENT DISTRIBUTION Ap­
PARATUS. A 100-tube glass Craig coun­
tercurrent distribution apparatus (H. O.
Post Scientific Instrument Co., Mas­
peth, N. Y.) was used for the separation.
Each tube contained 10 m!. of each
solvent phase.

Procedure for Countercurrent Dis­
tribution. Thn'e hundred transfers
were performed in the 100-tube Craig
couutercurrent distribution apparatus
by recycling after the 99th transfer.
Ten milliliters of each phase of the
solvent pair was used in each tube.
A mixture of 4.9 mg. of chrysene, benz­
(a) anthracene, benzo(a)pyrene, benzo­
(e)pyrene, and benzo(g,h,i)perylene waR
introduced into tube 0 as the sample to
be separated. After the final transfer,
5.0-m!. aliquots of upper phase were
withdrawn from everv third tube for
analysis. Each with&awn aliquot was
washed with 5.0 m!. of water and the
ultraviolet absorption spectrum was
determined. The concentrations of the
materials present were calculated from
the absorbance at an appropriate maxi­
mum. The measured amounts of these
materials are plotted as a function of the
distribution tube number in Figure 1.

EXPERIMENTAL·

Materials and Apparatus. PREPA­
RATION OF TETRAMETHYLURIC ACID.
8-Chlorocaffeine was prepared in 97%
yield from caffeine by treatment with
chlorine in chloroform solution accord­
ing to the directions of Fischer and
Reese (6). The chlorocaffeine (m.p.
191 ° C.) was converted to 8-methoxy­
caffeine in 86% yield by refiuxing in
methanol with sodium methoxide (5).
Rearrangement to tetramethyluric acid
was accomplished by heating 8-methoxy­
caffeine (m.p. In-8° C.) for 1 hour at
20D-30° C. (1). The product crystal­
lized from boiling water upon eooling
(m.p. 228.5-9° C.). A yield of 60%
was obtained for the synthesis from
caffeine. Tetramethyluric acid can be
obtained in two crystalline forms, stout
heavy blocks or long, fine needles.
The former is the more f'table and can
be obtained upon heating the needles
(12). Calculated for C;H12K403: C,
48.21; H, 5.35. Found: C, 48.15;
H, 5.17. Ultraviolet absorption
maxima at 240 and 294 mJL with log
Emol 3.80 and 4.04 (H20) were con­
sistent with the spectrum reported by
Fromherz and Hartmann (7).

COMPOUNDS USED. i3amples of di­
benzofuran, acridine, fiuoren-9··one, di­
benzothiophene, caffeine, and indole
were obtained from Distillation Prod­
ucts Industries, (Rochester, N. Y.).
Benz(c)acridine, benz(a)acridine, benzo­
(k)fiuoranthene, and benzo(e)pyrene
were obtained from Aldrich Chemical
Co., Inc. (Milwaukee, Wis.). Anthan­
threne, 11 H-benzo(a)fluorene and di­
benzo(a,l)pyrene were obtained from
L. Light and Co.. Ltd. (Colnbrook,
Bucks., England). Chrysene, benz(a)­
anthracene, benzo(a)pyrene, and pyrene
were obtaiJ1ed from Rutgerswerke A.G.
(Frankfurt, West Germany). Car­
bazole was obtained from Matheson,
Coleman & Bell (East Rutherford,
N. J.). Perylene and benzoC:7,h,i)pery­
lene were obtained from Bios Labora­
tories, Inc. (New York, N. Y.). llH­
Benzo(b)f:luorene was obtained from
Edcan Laboratories (South Norwalk,
Conn.). Fluorene, phenanthrene, di­
benz(a,h)anthracene, anthracene, and
fiuoranthene were obtained from com-

lar findings for the carcinogenic diben:r,o­
carbazoles and dibenzacridines were re­
ported by Booth and Boyland (2). Al­
though the purine, tetramethyluric acid,
markedly increased the solubility of
polycyclic aromatic compounds in water,
the amounts of these materials dissolved
were still too small to be of practical
use in a countercunent extraction oper­
ation. We therefore utilized an aqueous
90% methanol solution containing tetra­
methyluric acid for the lower phase to
give increased solubility for the poly­
cyclic compounds. Cyclohexane was
used for the upper phase. By the use
of this soh"ent pair it has beenpos­
sible by countercurrent distribution to
achieve separations of several com­
pounds which are difficult to separate
by other means.
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Table II. Distribution Coefficients for Polycyclic Aromatic Compounds between
Cyclohexane and 9:1 Methanol: H20 Containing Varying Amounts of Tetra­

methyluric Acid

Table I. Distribution Coefficients for Several Polycyclic Aromatic Compounds

Distribution coefficient
KA

cyclohexane/
Number 0.83%TMU KB
of fused in 90% cyclohexane/

Compound rings methanol 90% methanol KBIKA

Hydrocarbons
1.22 5.85 4.80Anthanthrene 6

Dibenzo(a,l)pyrene 6 0.99 4.75 4.80
Benzo(g,h,i)perylene 6 1.05 4.72 4.50
Perylene 5 1.36 4.51 3.32
Benzo(e)pyrene 5 1.36 4.42 3.25
Benzo(a)pyrene 5 1.76 4.63 2.63
Benzo(k)fluoranthene 5 2.44 5.50 2.25
Dibenz(a,h)anthracene 5 2.38 4.70 1.98
Pyrene 4 2.24 4.60 2.05
Fluoranthene 4 1.96 3.90 1.99
Chrysene 4 2.18 4.11 1.88
Benz(a)anthracene 4 2.44 4.51 1.85
11H-Benzo(a)fluorene 4 3.42 5.65 1.65
11H-Benzo(b)fluorene 4 3.42 5.55 1.62
Phenanthrene 3 2.33 4.10 1.76
Anthracene 3 2.82 4.50 1.60
Fluorene 3 3.86 4.30 1.11

Heterocycles
1.46 2.35 1.61Benz(c)acridine 4

Benz(a)acridine 4 0.31 0.48 1.55
9H-Carbazole 3 0.093 0.138 1.48
Dibenzothiophene 3 3.16 4.34 1.37
Dibenzofuran 3 3.06 3.88 1.27
Acridine 3 0.28 0.33 1.18
Fluoren-9-one 3 0.61 0.70 1.15
Indole 2 0.075 0.090 1.20

ber heterocyclic ring, was solubilized
to a greater extent than acridine, with a
six-member heterocyclic ring. For the
heterocyclics containing the hetero atom
in a five-member ring, the order of in­
creased solubilization by the purine was
carbazole > dibenzothiophene > diben­
zofuran.

A marked effect on the distribution
coefficients was noted for different con­
centrations of tetramethyluric acid in
the lower phase. This effect was noted
by Weil-Malherbe (16) and later con­
firmed by Boyland and Green (3).
These workers measured the solubility
of polycyclic aromatic compounds in
aqueous solutions containing different
amounts of purines. They concluded

(2)

1.22

1.75

1.20

2.98

2.52

2.19
2.29
2.29

0.46 0.83

1.76
1.78
1.81

Distribution coefficients
%TMU in lower phase

that the solubilities obeyed the relation­
ship

where

Cp = concentration of purine
CHO = concentration of the test

compound
f = a constant with values be­

tween 1 and 2, indicative of a
reaction involving one to two
molecules of purine per com­
plex

For the present study the concentra­
tion of the test compound solubilized in

0.0

4.55

.4.63

Concentration
of polycyclic
compound in
cyclohexane

before
extraction,

pg./ml.

1.54
14.7

146
2.9
5.0
1.13

25.8
191
38.8
2.5

Polycyclic
compound

Benzo(a)pyrene
Benzo(a)pyrene
Benzo(a)pyrene
Benzo(a)pyrene
Benzo(a)pyrene
Pyrene
Pyrene
Pyrene
Pyrene
Pyrene

ot the binomiai distribution if deter­
minations of the quantities in two tubes
can be made accurately. This permits
the estimation of materials which have
not been completely resolved. The
degree of resolution required will depend
on the reliability of the assay method
for each component in the presence of
the contaminant. The solvent system
described offers a method for the quan­
titative estimation of a number of indi­
vidual polycyclic compounds in a mix­
ture without resorting to an excessive
number of transfers. A combination of
some other fractionation procedure with
the countercurrent extraction will sepa­
rate most of those pairs which are not
well resolved by the countercurrent
procedure alone. If it is desired to
isolate purified components, additional
transfers can be utilized to give the re­
quired separation.

The distribution coefficients for py­
rene and benzo(a)pyrene were essen­
tially constant over a wide range in
concentrations (Table II). This was
confirmed by the close agreement of the
mea.<:ured amounts to the theoretical
distributions (Figure 1).

Single-tube distributions indicated
that each polycyclic compound tested
was more soluble in aqueous methanol
containing tetramethyluric acid (TMU)
than in the same solvent without this
complexing agent. The extent of this
increased solubility is given by the ratio
of the distribution coefficients in these
two systems, KBIKA , where K A is the
distribution coefficient in the solvent
system containing TMU and K B is that
for the same system without TMU.
These values are recorded in Table 1.
A higher value for this ratio indicates
greater solubilization by the purine.

In agreement with the findings of
previous workers (3), tetramethyluric
acid was found to increase the solubility
of polycyclic hydrocarbons without re­
gard to their carcinogenic properties.
Although only relatively few compounds
were examined in the present study, for
those polycyclic aromatic hydrocarbons
tested compounds with more fused rings
were solubilized by the purine to a
greater extent. For compounds with
the same number of fused rings the
TMU-solubilization was greater for the
compound with more compact structure.
The presence of a partially nonaromatic
structure such as is found in fluorene or
the benzofluorenes conferred decreased
solubilization as compared to the fully
aromatic structures such as anthracene
or benzanthracene.

For the limited number of heterocyclic
compounds tested, those with more
fused rings were also solubilized by
tetramethyluric acid to a greater extent.
The quantitative effects as measured by
the ratio KBIKA were in the same
ranges as were found for the hydro­
carbons. Carbazole, with a five-mem-
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the aqueous methanol by the purine is
given by the expression

CHC = ACHC _ BCHC (3)
KA KB

where ACHC and BCHC are the con­
centrations of the hydrocarbon ill the
upper phase for the system containing
TMU or for the system without TMU,
respectively.

When the equilibrium concentrations
of hydrocarbon in the upper phases of
the two systems are the same, Equation
3 may be simplified as shown in :E:qua­
tion 4. This simplification is generally
valid throughout the range of concen­
trations of hydrocarbon studied, since
distribution coefficients were essentially
constant throughout this range.

CHC = k, CL -L) (4)

The simplified Expression 4 may then
be :mbstituted in Equation 2 to give

k,k = 1 Cpf 1

KA - KB

(5)

The slope of the plot of log CL - JiB)
VB. log Cp is an estimate off. For the two
compounds studied, pyrene and benzo­
(a)pyrene, the values of this slope cal­
culated for consecutive pairs of points
were 1.11, 1.18 and 1.12, 1.47. Weil­
Malherbe found values for the exponent,
j, either near 1 or near 2 suggesting
reactions involving either one molecule
or two molecules of purine per complex.
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A General Method for the Chromatographic
Separation of Nonionic Surface-Active
Agents and Related Materials

MILTON J. ROSEN

Department of Chemistry, Brooklyn College of the City University of New York, Brooklyn, N. Y.

general
method

separate

l> A general chromatographic method
has been developed for separating
nonionic surface-active agents from
each other and from related nonionic
materials, using silica gel as adsorbent.
The mixture, adsorbed on a silica gel
column, is separated by eluting suc­
cessively with chloroform, 1: 99 (v.fv.)
ethyl ether-chloroform, 1: 1 (v.fv.)
ethyll ether-chloroform, 1: 1 (v./v.)
acetone-chloroform, 1 : 19 (v./v.)
methanol-chloroform, 1 :9 (v./v.)
methanol-chloroform, and 1: 2 (v.fv.)
methanol-chloroform. Results ob­
tained with a number of three- (Jnd
four-component mixtures are de­
scribed.

COMPOSITIONB CONTAINING nonionic
surface-active agents commonly

contain more than one nonionic sub­
stance. These compositions often con­
tain both water-·soluble and oil-soluble
surfactants to obtain a better balance of
properties, and in addition, usually
contain ot,her nonionic, nonsurface­
active materials, such as hydrocarbon
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oil~, fatty esters, glycols, and unreacted
raw materials from surfactant manu­
facture. The removal of ionic surface­
active agents present in the composition
is conveniently accomplished by ion
exchange (1, 7, 8, 10, 12), but all the
nonionic surfactants, together with any
nonionic nonsurfactant material, pass
unadsorbed through the ion exchanger..
The analysis of this mixture of nonionic
surfactants and related materials is
usually a difficult task and,' in spite of
its common occurrence, only a few
attempts have been made to systematize
the analysis of this type of mixture. A
liquid-liquid extraction procedure has
been suggested (9) for separating
hexane-soluble nonionics from hexane­
insolubles and chromatographic tech­
niques have been suggested for
separating mixtures of mono-, di-, and
triglycerides (4-6) and of fatty acid
esters of ethylene glycol and polyoxy­
ethylene glycols (3).

This paper describes a
columnar chromatographic
which has been developed to

the components of mixtures containing
various types of nonionic surface-active
agents and a number of nonionic non­
surfactant materials commonly en­
countered with them. A column,
rather than a thin-layer or paper, chro­
matographic technique· was used be­
cause it permitted convenient qualita­
tive analysis of the eluted fractions by
refractive index or melting point, and
quantitative measurement by weighing
on an analytical balance.

EXPERIMENTAL

Column. A 50-m!. buret (50-em.
X I-em. Ld.) with ungreased stopcock.

Procedure. A few milliliters of
chloroform were placed in the column,
followed by a small plug of glass wool
which was tamped in place below the
surface of the chloroform with a glass
rod, to remove air bubbles. Ten
grams of the silica gel (Davison No.
922, through 200-mesh) were slurried
with 20 to 30 m!. of chloroform (U.S.P.,
dried for a few days over anhydrous
CaCI2) and poured into the column.
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Figu.re 1. Separation of mixture No. 1

The sample, approximately 300 mg.,
was added to the column as a solution
in chloroform.
, The elution program was: chloroform,
70 m!. (I); 1 :99 (v./v.) ethyl ether
(anhydrous)-chloroform, 100 m!. (II);
1: 1 (v./v.) ethyl ether (anhydrous)­
chloroform, 70 ml. (III); 1: 1 (v,/v.)
acetone (analytical grade)-chloroform,
80 ml. (IV); 1:19 (v,/v.) methanol
(U.S.P.)-chloroform, 100 m!. (V); 1:9
(v./v.) methanol (U.s.P.)-chloroform,
70 m!. (VI); 1:2 (v,/v.) methanol
(U.S.P.)-chloroform, 70 m!. (VII).
The 1: 19 methanol-chloroform elution
was eliminated in most cases where only
one highly ethoxylated material (con­
taining > 10 moles of ethylene oxide)
was present in the mixture. Ten-milli­
liter fractions were collected at a flow
rate of 1 mI. per minute, the solvents
evaporated, and the residues weighed.
Refractive indices were taken on all

Figure 2.

fractions weighing >10 mg. which
melted below 40° C.

RESULTS AND DISCUSSION

The results obtained, as shown by the
data in Table I and Figures 1 through
5, follow the general rule that the more
hydrophilic the material, the greater the
polarity of the solvent necessary to elute
it. This is consistent with the generally
accepted view that the solvent, in order
to elute a component adsorbed on a
polar surface, must compete success­
fully for the sites on which the com­
ponent is adsorbed, thereby displacing
it from them. A rough estimate of the

Separation of mixture No.2

hydrophilic-hydrophobic balance in the
eluted surfactant molecule can therefore
be obtained from the nature of the
solvent needed to elute it.

CHLOROFORM elutes only the most
nonpolar materials-e.g., mineral oil
and methyl laurate. It does not elute
even the most hydrophobic surfactants.
Triglycerides, such as tristearin, cotton­
seed oil, or castor oil, are not eluted by
this solvent under the conditions used,
and this makes possible a convenient
separation of hydrocarbon oils from
animal and vegetable oils, using chloro­
form as the eluting solvent.

ETHYL ETHER-CHLOROFORM, 1:99
(v./v.) , elutes triglycerides (but not
castor oil) and long-chain fatty acids
and alcohols-e.g., cetyl alcohol, lauric
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Figure 3. Separation of mixture No.3 Figure 4. Sep'aration of mixture No.4
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high molecular weight polyoxyethylene
glycols.

Because almost all the surface-active
agents used in these separations were
commercial materials, and therefore
mixtures of substances with somewhat
different hydrophilic - hydrophobic
balances, in a number of cases, two

~

\
. \ /. \\. ..,\j 'J V •.••.•.•

ETHOMIO HT160

Figure 5. Sepa­
ration of mix­
ture No.5

50

-

-

VII

40

different fractions were obtained cor­
responding to one original material.
(Fractions III and IV, Figures 1-4;
Fractions V and VI, Figure 1; Fractions
VI and VII, Figures 3-5.) The re­
fractive indices and other properties of
these fractions indicated that in each
case they were indeed fractions of the
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acid, oleic acid. Span 80, a highly
hydrophobic surface-active agent
(HLB = 4.3), is not eluted by this·
solvent.

ETHYL ETHER-CHLOROFORM 1:1 (v';
v.), elutes oil-soluble surfactants, such
as ethoxylated fatty acids and alkyl­
phenols with < 4 moles of ethylene
oxide and glyceryl monoesters.

ACETONE-CHLOROF'ORM, 1:1 (v';v.) ,
elutes surface-active agents of inter­
mediate polarity-e.g., ethoxylated ma­
terials containing no more than about
10 moles of ethylene oxide. This is in
accord with the results obtained by
KeUy and Greenwald (2) on an ethoxy­
lated octylphenoI.

METHANOrr-CHLOROF'ORM, 1:19 (v./
v.) and 1:9 (v';v.), elute highly hydro­
philic surfactants containing more than
10 moles of ethylene oxide and poly­
oxyethylene glycols. A separation of
these highly hydrophilic surface-active
agents from high molecular weight
polyoxyethylene glycols may be ac­
complished by using 1: 19 and 1:9
methanol-chloroform solutions consec­
utively as eluting solvents, because
the former does not elute polyoxy­
ethylene glycols of molecular weight
1000 or greater.

ME1'HANOrr-CHLOROFORM, 1:2 (v./v.),
elutes even the most highly hydrophilic
substances, such as glycerol and

---------------------------------------------

Mixture
No.

1

2

3

4

5

Table I. Recovery of Components of Mixtures

Original components Recovered material
Name and/or structure Amt., mg.a nn26a Eluent Amt., mg. nD25

Mineral oil 77.5 1.4778 I 75.8 1.4778
Cetyl alcohol 78.5 b II 80.1 b

Brij 30-lauryl aleohol + 4 moles EtO 84.1 1.4510 r lUra
1.4488

IV 1.4538
Brij 98-01eyl alcohol + 20 moles EtO 71.6 1 .4616(330) V 6g:~ 69.0

1.4619(33°)
VI

Nonylphenol 71.7 1.5100 r 6~gl73aII 1.5111
Igepal C0-430-nonylphenol + 4 80.9 1.4976 III 42.8 81 6 1.4998

moles EtO IV 38.8 . 1.4940
Igepal CO-850-nonylphenol + 20 78.4 1.4768(33°) V 81.8 1.4763(33°)

moles EtO
Polyoxyethylene glycol, mol. wt. 1000 76.9 VI 75.1

Cottonseed oil 97.2 1.4705

r o 1II 94.0 94.0 1.4701
Ethofat 142/15-o1eic acid + 5 moles 131.5 1.4703 III

~~:g 133.5
1.4698

EtO IV 1.4690
Ethofat C/25-lauric acid + 15 moles 99.0 1.4612 VI 9~:g 91.5

1.4620
Eta VII

Cottonseed Oil 98.5 1.4705

r o 1II 95.0 95.0 1.4697
Span 80-sorbitan mono-oleate 101.0 1.4764 III 76.0 lOr- 5 1.4741

IV 29.5 o. 1.4764
Tween 80-sorbitan mono-oleate + 20 104.0 1.4720 VI 9g:g 99.5 1.4722

moles EtO VII
Methyllaurate 64.8 1.4299 I 48.1- 1.4303
Lauric acid 72.8 II 76.1 b

N ,N-bis(fJ-hydroxyethyl)lauramide 78.9 m.p., 48.7°- IV 80.2 m.p., 48.0°-
49.3° C. 48.5° C.

Ethomid HT/6o-hydrogenated tallow 84.3 {~I ii:~}86.2
b

amide + 50 moles EtO b

a Amounts and refractive indices on 100% active basis.
b M.p. >40° C.
• Loss due to volatilization.
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original commercial material and con­
tained no significant amount of the
other components of the mixture. For
example, in mixture No. 1,Brij 30, a
polyoxyethylated lauryl alcohol con­
taining an average of 4 moles of ethylene
oxide, was separated into two fractions
whose refractive indices, nD26 1.4488
and nD26 1.4538, correspond, respectively,
to ethoxylated lauryl alcohols con­
taining an average of 3 moles and 5
moles of ethylene oxide (11).
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Separation and Determination of Iron(ll) and Iron(lH)
with Anthranilic Acid Using Solvent Extraction
and Spectrophotometry

DONALD l. DINSELl and THOMAS R. SWEET

Department of Chemistry, McPherson Chemical Laboratory, The Ohio State University, Columbus 10, Ohio

~ Iron(lll) was extracted as the an­
thranilate into l-pentanol in the pres­
ence of iron(ll). A direct determina­
tion of the iron(lll) content of the
sample was obtained by measuring
the absorbance of the pentanol ex­
tract. The iron(lI) in the aqueous phase
was oxidized and extracted as the
anthranilate into a solvent mixture.
A direct determination of the iron(ll)
content of the sample was obtained
by measuring the absorbance of the
nonaqueous phase.

ANTHRANILIC ACID was first pre­
pared by Fritsche in 1841 (2) and

was proposed as an analytical reagent in
1926 (1, 8). Two publications cite the
use of anthranilic acid as a reagent for
solvent extraction separations (5, 9),
specifically, for the separation and
determination of plutonium by extrac­
tion with amyl acetate.

The precipitate formed by iron(III)
and anthranilic acid can be extracted
into organic liquids such as alcohols,
ketones, and ethers. The copper, co­
balt, nickel, .cadmium, and iron(II)
anthranilates could not be extracted.
The extracted iron (III) anthranilate in
the organic solvent was a red solution
with an absorbance proportional to the
concentration of iron (III).

EXPERIMENTAL

Reagents. ANTHRANILIC ACID
SOLUTION, 0.07M. Five grams of
recrystallized acid were dissolved in

1 Present address, E. 1. du Pont de
Nemours and Co., Wilmington, Del.

approximately 400 ml. of deionized
water and 37 ml. of 1N sodium hy­
droxide. pH of the solution was
slowly decreased by the addition of
1N sulfuric acid until a pH of 4.5
was reached and the solution was
diluted to 500 ml. with deionized
water. Solutions were stored in
brown ·glass bottles and were dis­
carded-as soon as a brownish cast was
observed.

STANDARD IRON(III) SOLUTION. Pure
iron wire (99.8%) was polished with
fine emery cloth, wiped, cleaned in ace­
tone, and weighed. The wire was
placed in a 100-mI. beaker and a slight
excess of concentrated sulfuric acid
was added slowly. Hydrogen peroxide
was added to oxidize the iron to the
ferric state and the excess was then
boiled off. During the heating process,
demineralized water was added peri­
odically to maintain the liquid volume.
After transfer to a volumetric flask,
the solution was diluted to the mark
with deionized water.

STANDARD IRON(II) SOLUTION. Vari­
ous amounts of analytical grade ferrous
ammonium sulfate hexahydrate were
dissolved in acidified deionized water
which had been outgassed with oxygen­
free nitrogen. The oxygen was re­
moved from the nitrogen by passing the
gas through a basic 15% solution of
pyrogallol. Fresh solutions were pre­
pared as soon as a positive test for
iron(III) was obtained.

ORGANIC LIQUIDS. All the organic
materials used for the extractions were
C.P. grade reagents.

AMYL ACETATE, ACETOPHENONE, AND
1-PENTANOL MIXTURE. The mixture
was prepared by mixing 130 ml. of
amyl acetate, 100 ml. of acetophenone,
and 19 m!. of 1-pentanol.

Apparatus. All pH measurements
were made with a Beckman Model G
pH meter. Quantitative absorbance

measurements were made with a
Beckman Model DU spectrophotom­
eter, equipped with a Beckman Model
4300. photomultiplier attachment.
Corex cells, 1 cm., were used and slit
widths of between 0.06 mm. and 0.08
rom. were maintained for all measure­
ments. Other absorbance measure­
ments were made with a Cary recording
spectrophotometer, Model 14. An In­
ternational Centrifuge, 220-m!. capacity,
was used to increase the speed of separa­
tion of the aqueous and organic pha&es.

Working Curve. Various amounts
of an iron(III) sulfate solution were
pipetted into each of several 60-ml.
ground glass-stoppered bottles. Suffi­
cient deionized water to bring the
volume to 5 m!. was added to each
bottle. Twenty-five milliliters of a
0.07M solution of anthranilic acid
(pH 4.5) were added and then 10 m!.
of 1-pentanol were transferred into
each of the bottles. The two phases
were shaken for 2 minutes and centri­
fuged. Enough of the organic phase
was removed with a medicine dropper
to fill the absorbance cell. Absorbance
was measured at 475 mil against a
blank prepared by extracting a solu­
tion containing 5 ml. of deionized water
and 25 ml. of the anthranilic acid solu­
tion with 10 ml. of I-pentanol.

The same procedure was repeated
using a mixture of amyl acetate, aceto­
phenone, and 1-pentanol in place of the
1-pentanol. The absorbance of the
complex extracted into the mixture was
measured at 465 mil.

Working curve data are given in Table
I.

Procedure. The aqueous sample
containing iron(III) and iron(II) was
outgassed with oxygen-free nitrogen.
With a pipet 25 m!. of a 0.07M an­
thranilic acid solution at pH 4.5 were
transferred to a 250-ml. ground glass­
stoppered bottle containing the sam-
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Figure 1. Visible spectra of iron(lII) anthranilate extracted into various alcohols

A. I-Butanol E. 2-0ctanol
8. ]·Pentanol F. I-Hexanol
C. 3-Methyl butanol G. 2-Methyl pentanol
D. 2-Ethyl hexanol

Table I. Data for Working Curves

Fe(III)
added, Ab-

mg. sorbance Solvent
0.047 0.112 1-Penta-nol
0.094 0.221 1-Pentanol
0.188 0.430 1-Pentanol
0.195 0.450 1-Pentanol
0.238 0.650 1-Pentanol
0.385 0.897 1-Penta-nol
0.048 0.137 Amyl aeetate,

acetophenone,
and I-pentanol

0.097 0.270 Amyl aeetate,
acetophenone,
and l-pentanol

0.146 0.402 Amyl acetate,
acetophenone,
and l-pentanol

0.195 0.535 Amyl acetate,
acetophenone,
and l-pentanol

0.244 0.67:3 Amyl aeetate,
acetophenone,
and l-pentanol

0.292 0.802 Amyl aeetate,
acetophenone,
and I-pentano'

pIe. The anthranilic acid solution
previously had been outgassed with
nitrogen. Ten milliliters of I-pentanol,
outgassed with nitrogen, were pipetted
into the bottle. The mixture was
shaken for 2 minutes and centrifuged.
The two phases were separated and the
aqueous phase was placed in a 50-ml.
beaker. Two milliliters of 30% H 20 2

were added to the aqueous. phase to
oxidize the iron(II) to iron(III), and
enough 0.5.'11 HNOa was added to lower
the pH to 4.5. The aqueous phase
was set aside for 15 minutes to assure

Table II. Analyses of Iron(III)-lron(ll) Samples

lron(II) Iron(lII) lron(II) lron(IIl) Absolute
Sample present, mg. present, mg. found, mg. found, mg. error, mg.

1 0.134 0.132 -0.002
0.195 0.194 -0.001

2 0.134 0.136 0.002
0.390 0.390 0.000

3 0.112 0.107 -0.005
0.195 0.194 -0.001

,1 12.8
0.195 0.188 -0.007

5 10.8
0.195 0.195 0.000

6 0.110 0.109 -0.001
0.234 0.241 -0.002

1 0.084 0.078 -0.006
0.097 0.099 0.002

8 0.252 0.245 -0.007
0.097 0.097 0.000

9 0.050 0.050 0.002
0.390 0.400 0.010

10 0.134 0.136 0.002
1.85

Table III. Effect of Aqueous Volume on Extraction

Vol. water Total Fe(lII) Fe(lII) Absolute Error,
added, mI, vol., mI. taken, mg. found, mg. error, mg. %

0 26 0.195 0.194 -0.001 -0.51
10 36 0.195 0.195 0.000 0.00
20 46 0.195 0.193 -0.002 -0.02
30 56 0.195 0.182 -0.013 -7.14
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complete oxidation of the iron(II), then
the solution was saturated with anthra­
nilic acid by the addition of approJl:i­
mately 0.01 gram of the acid. The pre­
cipitate was quantitatively transferred
from the beaker to a 60-ml. ground
glass-stoppered bottle. Ten milliliters
of the organic mixture were pipetted
into the bottle and the mixture was
shaken for 2 minutes and centrifuged.

The absorbance of each of the two
organic phases containing the extracted
iron(III) anthranilate was measured
against reference solutions which were
treated in the same manner as the
sample. The I-pentanol solution was
measured at 475 mJL and the mixture
at 465 mJL.

Several synthetic samples of iron(II)
and iron (III) were analyzed and the
results are shown in Table II.

DISCUSSION

The visible spectra of iron(III)
anthranilate extracted into various
organic materials are shown in Figures
1, 2, and 3. The visible spectra of the
dissolved iron(III) complex in several
solvent mixtures are given in Figure 4.
I-Pentanol and a mixture of amyl
acetate, acetophenone, and I-pentanol
had the best separation characteristics-
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Figure 3. Visible spectra of iron(1I1) anthranilate extracted into various ketones

Figure 4.
mixtures

i.e., low solubility in water, no dispersed
water in the organic phase, and
quantitative extraction. Even though
the complex had a larger maximum
absorbance value for a given concentra­
tion of iron(III) in the mixture than in
I-pentanol alone, the mixture could not
be used for extraction in the presence of
iron(II) because it oxidized the iron(II)
to iron(III). Therefore, I-pentanol
was used for extractions of iron(III)
anthranilate in the presence of iron(II)
and the mixture was used for extraction
when iron(II) was not present.

Table II shows that iron(III) can be
determined in the presence of iron(II)
in a quantity 65 times greater than the
iron(III) present, and iron(II) can be
determined in the presence of iron(III)
in a quantity 15 times greater than the
iron(II) present. If too large a con­
centration of iron(II) is present in the
solution-Le., greater than 425 p.p.m.­
a negative error in the determination of
iron(III) and a positive error in the
determination of iron(II) are caused by
the occlusion of iron(III) anthranilate
with the iron(II) anthranilate precipi­
tate, and consequent incomplete extrac­
tion of the iron(III) with the first
extraction. Large amounts of iron
(III)-i.e., greater than 60 p.p.m.­
cause a positive error in the determina·
tion of iron(II) because not all the
iron(III) anthranilate is removed by the
first extraction.

As shown in Figure 5, the pH for
maximum precipitation of iron(III)
anthranilate occurs at 4.2, whereas the
maximum extraction, as shown in
Figure 6, occurs in a pH range of 3.7 to
5.0. This can be explained by as­
suming that the iron(III) anthranilate
in solution is in equilibrium with the
solid iron(III) anthranilate and that
both solid and dissolved iron(III)
anthranilate are extracted by the
organic solvent.

In the pH range between 3.7 and 5.0,
the aqueous phase was tested for the
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Figure 6. pH-absorbance curve for iron(lII) anthranilate
extracted into 1-pentanol
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Table IV. Temperature Effect on
Absorbance

presence of iron(III) after the anthrani­
late was extracted. Several qualitative
reagents for iron(III) were used. They
included 1,IQ-phenanthroline dissolved
in thioglycolic acid, potassium thio­
cyanate, and potassium ferrocyanide.
All the tests were negative in this pH
range. [This is an ideal range for
precipitation and extraction of iron(III)
anthranilate because it is in a buffer
region of the acid and it is not necessary
to add an additional buffer to the
solution.]

Table V. Analysis of Iron(U) Anthranilate

C,% H,% N,% Fe, %
51.24 3.68 8.54 17.02
51.45 3.72 8.64 16.93

Table VI. Analysis of Iron(lfl) Anthranilate

C,% H,% N,% Fe, %

54.32 3.82 9.05 12.03
46.18 4.16 7.69 15.34
46.13 3.89 7.48 15.74

Table VII. Results of Interference Studies
Weight of iron(III) present: 0.195 mg.

Weight of
i~terfering Iron(III) Absolute Error,

lOn, mg. found, mg. error, mg. %
6.772 0.182 -0.013 6.6
6.772 0.191 -0.004 2.0
6.772 0.195 0.000 0.0
7.124 0.104 -0.091 46.6
3.562 0.115 -0.080 41.0
0.677 0.186 -0.009 4.6
0.388 0.192 -0.003 1.5
0.194 0.195 0.000 0.0
5.432 0.193 -0.002 1.0
5.432 0.195 0.000 0.0

13.16 0.185 -0.010 5.1
6.58 0.187 -0.008 4.1
3.29 0.194 -0.001 0.51
6.608 0.187 -0.008 4.1
6.608 0.195 0.000 0.0
6.50 0.116 -0.079 40.5
3.75 0.140 -0.055 28.2
1.87 0.187 -0.008 4.1
0.94 0.187 -0.008 4.1
0.094 0.196 0.001 0.51

50.0 0.182 -0.013 6.6
22.5 0.186 -0.009 4.6
12.5 0.192 -0.003 1.54
8.0 0.177 -0.018 9.2
2.0 0.195 0.000 0.0
3.20 0.196 0.001 0.51
3.20 0.195 0.000 0.0

16.1 0.195 0.000 0.0
146. 0.191 -0.004 2.0

determined the composition of the
manganese, mercury(II), and lead
anthranilates. These divalent metal
anthranilates have the formula M(CT"
H&N02)2. It is generally accepted that
the metal coordinates through the
oxygen of the carbonyl group and the
nitrogen forming two six-membered
rings.

However, no references were found
for the composition of the iron(II)
anthranilate or the iron(III) anthrani­
late. Therefore, these compounds were
isolated. Both of the salts were pre­
cipitated with anthranilic acid at a pH
of 4.5, filtered, and dried at 120° C. for
one hour. The iron(II) anthranilate
was isolated under an atmosphere of
nitrogen. Portions of the materials
were sent to Galbraith Laboratories for
analysis. The results of these analyses
are given in Tables V and VI.

The theoretical calculations for Table
V are based on the formula, Fe(C7H.
N02h. The data show that the experi­
mental values agree with the theoretical
values calculated on the basis of this
formula.

The theoretical values, A, in Table
VI are calculated from the formula, Fe­
(C7HsN02)a. These values are in poor
agreement with the experimental values.
The B set of theoretical values is based
on a formula which can be represented
by the structure:

in which the iron has a coordination
number of six. The theoretical values
calculated from this formula are in
agreement with the experimental values.

A structure of this type would account
for the fact that iron(III) anthranilate
can be extracted and the iron(II) and
the other divalent metal anthranilates
can not be extracted. It can be reasoned
that the water molecule is replaced by
an organic molecule, thus causing the
solution of the precipitate in the organic
phase. This hypothesis is supported by
the fact that solvents without oxygen do
not extract iron(III) anthranilate while
solvents containing oxygen in the
structure work quite well. Solvents
such as chloroform and carbon tetra­
chloride did not extract the iron(III)
anthranilate.

Interferences were studied by the
addition of known concentrations of
various ions in solutions containing
0.195 mg. of iron(III). Data for the
interference studies are found in Table
VII. The interfering ion was decreased
until a relative error of 2% or less was
obtained.

During these studies it was observed
that the interference effect could be

Table III shows that the volume of
the aqueous phase up to 46 m!. has little
effect on the amount of iron(III)
anthranilate extracted. Therefore,
when using 25 m!. of 0.07M anthranilic
acid solution, the volume of the solution
containing the iron could vary from 1
m!. to 20 m!. without affecting the
amount of iron(III) anthranilate ex­
tracted. The absorbance values were
compared with the working curve pre­
pared as described in the experimental
section.

Changes in temperature within 20°
to 35° C. do not alter the absorbance of
the extracted complex. The effect of
change in temperature on the absorb­
ance in shown in Table IV.

The anthranilates of copper, cobalt,
and nickel have been isolated and their
compositions determined by Funk and
Ditt (3) and by Ishimaru (6). Ishimaru
also determined the composition of
zinc anthranilate and Kiba and Sato (7)

Absorbance
0.530
0.540
0.540
0.542

Zinc

Cobalt

Cadmium

Mercury

Aluminum

Inter­
fering
ion

Temperature, °C.
10
20
25
35

Nickel

Manganese

Lead
Chloride

Chromium

Copper

Theoretical, A
Theoretical, B
Experimental

Theoretical
Experimental

2080 • ANALYTICAL CHEMISTRY



significantly reduced if the iron(III)
anthranilate was extracted immediately
after the addition of the anthranilic
acid solution. The iron(III) complex
forms immediately, and the absorbance
was not changed by altering the time
between addition of the reagent to the
sample and the addition of the extract­
ant. Some of the anthranilates are
noticeably slower to form. Thus, im­
mediate extraction reduces the effect of
postprecipitation since the iron(III) is
precipitated and extracted before the
formation of the other anthranilates.

This effect is shown by the data for
nickel interference in Table VII. In
the first experiment, a period of 10
minutes was allowed before the extrac­
tion was performed. The other data for
nickel were obtained by extracting
immediately after the addition of the
reagent. In all subsequent interference
studies, extraction was done im­
mediately after addition of the reagent.

In some cases--i.e., copper and
chromium-the speed of formation of
the iron(III) anthranilate was of no
advantage because the interfering ion
formed a precipitate as rapidly as the

iron(III). These interfering ions must,
therefore, be reduced to a point where
occlusion of the iron(III) precipitate is
minimized.

The proposed method of analysis
provides a rapid method for the deter­
mination of iron(III) in the presence of
iron(II) and iron(II) in the presence of
iron(III). Most of the methods for the
determination of iron(IlI) and iron(II)
in a sample involve the determination
of the iron, usually in the plus two
state, a reduction and determination of
total iron. An example of this method is
the use of 1,IO-phenanthroline, as pro­
posed by Harvey, Smart, and Amis (4).

The method suggested here elimin­
ates the disadvantage of decreased ac­
curacy inherent in indirect methods.
Both the iron(II) and iron(III) are
determined directly. Other advantages
include the formation of a stable
colored complex in the organic phase, a
broad working pH range and high
sensitivity. The sensitivity is 0.05
p.p.m. iron when the complex is ex­
tracted into a mixture of amyl acetate,
acetophenone, and 1-pentanol, and
0.07 p.p.m. iron when the complex is

extracted into 1-pentanol. This is
taken as the concentration of iron(II)
or iron(III) in the aqueous phase needed
to produce a change in absorbance of
0.005.
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Liquid-Liquid Extraction of Cesium with
2-ThenoyltriAuoroacetone

PETER CROWTHERl and FLETCHER L MOORE

Analytical Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.

I> A new, rapid, highly selective
liquid-liquid extraction method for
cesium is described. Recent develop­
ments for the inhibition of the hydrol­
ysis of 2-thenoyltrifluoroacetone pro­
vide the basis for the quantitative
extraction of cesium under a variety
of conditions. Small amounts of lithium
markedly enhance the extraction
of cesium with 2-thenoyltrifluoroace­
tone. Highest extraction coefficients
are obtained in the presence of lithium
with 2-thenoyltrifluoroacetone dissolved
in solvents containing the nitro group-­
e.g., 98% for nitromethane and nitro­
benzene. Efficient extraction of other
alkali elements is possible under
certain conditions. The method is
applicable for either tracer or macro
quantities of cesium. Several prac­
tical applications of the method are
proposed, both for the analytical
chemist and the separations technolo­
gist in the purification of cesium and
gross removal of fission products.

THE SEPARATIONS CHEMIST is con­
siderably interested in the liquid­

liquid extraction of cesium-137 in radio-

isotopes manufacture, in the decon­
tamination of waste nuclear fuel solu­
tions, and in the analysis of fission
product solutions. In general, the alkali
metal ions exhibit only a slight tendency
toward complex formation. The few
extraction methods reported to date are
all based on the ion association principle
and include the systems, tetraphenyl­
boron (4), hexafluorophosphate (3),
polyiodides (12), polybromides (10), and
phenols (1, 5).

The versatile chelating agent, the­
noyItrifluoroacetone (TTA), has been
used extensively for the extraction of
metal ions from acid solution, particu­
larly by radiochemists (8, 9). Essen­
tially all metal ions of the periodic table
form extractable chelates under appro­
priate conditions with this reagent.
The alkali element group is the only one
which has not yielded previously. Ce­
sium and other alkali elements have not
been extracted before with TTA because
of the hydrolysis of the reagent at alka­
line pH's. The prevention or inhibition
of this alkaline hydrolysis offers an in­
teresting possibility for extending the
TTA method to the extraction of the
alkali elements. The authors have re-

cently accomplished this and demon­
strated the first extraction of cesium
and other alkali elements, apparently as
chelates, with TTA. This paper de­
scribes a variety of conditions for the new
separation.

EXPERIMENTAL

Apparatus. Vortex test tube mixer,
Model K-500-4, supplied by Scientific
Industries, Inc., Springfield, Mass.

NaI(T1) well-type gamma scintilla­
tion counter, 3 X 3 inches.

Beckman pH meter, Model G.
Reagents. Analytical grade rea­

gents were used without further
purification.

The 2-thenoyltrifluoroacetone (TTA)
(mol. wt. = 222) was supplied by
Eastern Chemical Corp., Newark, N. J.

Carrier-free cesium-l34 solution, con­
taining about 1.4 X 108 gamma counts
per minute per mI., was obtained from
ORNL Isotopes Division. One milli­
liter of this solution was heated to
dryness twice with 10 ml. of concen­
trated nitric acid and once with dis-

1 Present address, South African Atomic
Energy Board, Pelindaba, Pretoria, South
Africa.
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Either 1'1'A or 1'1'A· H20 can be con­
verted to enolate ion in a buffer of pH
8. But if aqueous 1'1'A solutions are
allowed even momentarily to become
more basic than pH 9, cleavage of the
TTA· H20 (the principal species) results.
The above observations have been con­
firmed spectroscopically (2, 6).

Because of its structural similarity to
1'1'A, acetylacetone was an obvious
solvent but proved unsatisfactory due
to the complete miscibility of the two
phases under certain conditions. At­
tempts to use xylene as a solvent for
1'1'A failed because of the rapid hydrol­
ysis of the chelating agent in alkaline
solution. Of the solvents tested, hexone
appeared at first to be the most promis­
ing. Cesium extractions of 4% at pH 7
reaching a maximum of 21% between
pH 8.5 to 9.0 with 0.5M TTA in methyl­
isobutylketone (hexone) were observed.
The results obtained for the different
solvents tested are listed in Table 1.
The pH was adjusted by appropriate ad­
ditions of 2N sodium carbonate. The
pH values quoted were the final values
determined after equilibration. Equal
volume portions (10 ml.) were used for
both organic and aqueous phases in 3­
minute extraction periods. Increased
1'1'A concentrations proved moderately
successful, 2.5M 1'1'A giving about 79%
cesium extraction. These concentra­
tions are, however, impractical and
undesirable in that equivalent alkali
concentrations must be added for pH
adjustment, thereby increasing the de­
gree of hydrolysis of the 1'1'A. The in­
creased extraction is probably due to
the formation of complexes of the types
(I) and (II) .

At this point it was noted that even
small additions of lithium markedly en­
hanced the extraction of cesium. The
effect of lithium addition as saturated
lithium carbonate to the aqueous phase
is given in Table II. High concentra-

and quantitatively recovered after 10
minutes (2). This anomalous behavior
has been explained by the marked
difference in behavior of TTA and its
monohydrate (13). If the hydration
of TTA were base catalyzed, one would
expect that identical solutions would be
obtained on dissolving either TTA or its
hydrate in aqueous base. In the latter
case, however, an oil separates and only
a few per cent ofTTA remains unhydro­
lyzed. The hydrolysis products are
acetylthiophene and trifluoroacetic acid.
The same treatment of solid anhydrous
1'1'A mentioned above produces essen­
tially complete conversion to the enolate
ion:

(II)

~CH,
R 2 -C/" C-R1

I II
H 0 0 H

I \ I I
R l O_Na_O Rl

\C/ cf '0 \!
# # ,,\\
CH-C C-CH

I I
R2 R2

(I)

These facts suggested the possible en­
hancement of alkali extractions by a
suitable choice of solvent.

Preliminary experiments had clearly
indicated that pH values greater than
7 or 8 would be required to attain satis­
factory extraction ratios. Now, when
1'1'A is titrated with a base, a curve
characteristic of a weak acid of pK.
about 6.2 is obtained (13). If the 1'1'A
which has been titrated with alkali is
back titrated with acid, the curve bears
no simple relation to the initial titration
curve. The titration proceeds as though
a portion of the TTA is converted to
strong acid-the case if trifluoroacetic
acid is formed by hydrolysis. However,
TTA may be dissolved in alkali of pH 12

The alkali elements, however, because
of their large size and small charge, form
saltlike derivatives of {3-diketones, in­
soluble in hydrocarbon solvents. How­
ever, the addition of sufficient neutral
molecules to bring the apparent coordi­
nation number of the alkali metal ion
up to four or six imparts some complex
character. Thus, sodium benzoyl ace­
tonate is insoluble in toluene but the
2-hydrate is soluble (7). Many of the
metallic derivatives which are insoluble
in the organic solvents readily dissolve
in the presence of excess of the mother
substance by forming complexes of the
type (11):

65.9
79.0

CSl34

Extd., %
10.3
10.9
4.7
7.7
6.6
8.3
4.8

21.6
1.0

8.0
8.1

pH
12.1

"16

Effect of Aqueous lithium Concentration on Cesium-134 Tracer
Extraction CIt Varying ITA-Hexone Concentrations

(3-Minute extraction periods. Organic/aqueous vol. = 1)
No lithium 0.3N lithium carbonate

CS134 CS134

extd., % pH extd., %
1.0 12.1 5.0

16.5 7.95 56.6
7.45 71.5
7.4 85.2
7.3 87.1
7.2 89.9

Diluent
Trichloroethylene
Chloroform
Amyl acetate
2:4 Pentanedione
2-Butanone
Diisobutylcarbinol
Dibutyl carbitol
Nitromethane
Xylene

Table II.

TTA concn.
in hexane, jl,iI

0.05
0.5
1.0
2.0
2.5
4.0

TTA reacts with most metal ions to
form unionized chelate compounds solu­
ble ;,n organic solvents and immiscible
in water of the form:

RESULTS AND DISCUSSION

Table I. Cesium-134 Tracer Extracted
with a.25M TTA in Hexone
[Diluent (1: 1) at pH 8.5]

,M/no '0
IIU-CII C-CF~S·' .-:9 3

"C::::'"

tilled water. The cesium-134 was then
taken up in 20 ml. of IN sodium hy­
droxide, quantitatively transferred to a
250-ml. volumetric flask and made to
volume with IN sodi.um hydroxide.
This stock solution, containing 5 X 105

gamma counts per minute per mI., was
used in the extraction studies.

Procedure. Pipet a suitable ali­
quot of the cesium tracer solution
containing approximately 5 X 105

gamma counts per minute per ml. into a
50-ml. centrifuge tube. Add 5 ml. of
IN lithium hydroxide and make up to
10 ml. with 2N sodium carbonate.
Extract for 3 minutes with an equal
volume portion of O.5M TTA-nitro­
methane or 0.5M TTA-nitrobenzene,
using a Votex mixer or other suitable
extraction technique. The final equili­
brated pH should be in the pH range
8.7 to 9.0. Centrifuge for several
minutes in a clinicaJ centrifuge. Care­
fully pipet I-ml. aliquots of the phases
into 75-mm. culture tubes. Cork the
tubes and count the gamma radio­
activity on a well-type scintillation
counter. The above procedure gave
cesium extractions of 98.0% for both
the llitromethane and nitrobenzene
systems.
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By analogy to the previously mentioned
behavior of alkali {3-diketone compounds
of forming extractable 4 or 6 coordinated
compounds (.~), it would seem reasonable
to postulate that the cesium might be
extracted in the form

Table III. Extraction of Cesium-134
Tracer with O.5M TTA-Nitromethane

as a Function of Time

(Organic/aqueous volume = 1)

~~~C~S_13_4extd., 91a
Time, No 0.'3N-lfthium
min. lithium carbonate

1 74.4 97.9
5 73.0 980

15 70.1 97,3
30 67.9 97.3

Figures 2 and 3 showthe variation of
the per cent cesium-134 extracted into It

nitromethane-xylene (I: 1) mixture at
varying concentrations of lithium and
TTA. The percentage extracted bears
a linear dependence to the logarithm of
the lithium concentration. Finally, the
effect of nitromethane concentration,
first with no lithium present and, second,
under optimum lithium conditions is
shown in Figure 4. Here again the
strong influence of lithium upon the ex­
traction is clearly seen.

The addition of lithium has another
important effect in that the unfavorable
reduction of extraction coefficients due
to hydrolysis is apparently inhibited.
This effect is shown in Table III where
the percentage cesium-134 extraction is
shown to decrease with time in the
absence of lithium.

In this system, maximum extraction
is attained at a pH of 8.7. Care must be
taken not to exceed a pH of 9, whcre
visible decomposition of the. 1'1'A oc­
curs. The aqueous phase eventually
turns dark brown, probably due to the
decomposition of some dissolved nitro­
methane. This may be compared with
no visible aqueous reaction in the TTA­
nitrobenzene system described below.

Strongly anionic groups, such as cnIo­
ride, sulfate, and nitrate, depress the ex­
traction of cesium-134 slightly. The
effect of these anions is given in Table
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Cl
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slightly reduced by the addition of the
xylene, they were still high.

In Figure 1 the extraction of cesium­
134 as a function of pH is illustrated.
The effect of lithium here is twofold;
the extractions are greatly enhanced by
the addition of the lithium, and also the
pH at which equivalent extractions are
attained is substantially reduced with
increasing lithium concentration.
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tions of TTA were still, however, re­
quired for satisfactory extractions. Fur­
ther tests with various solvents revealed
the dramatic combined effect of lithium
and nitromethane.

TTA-Nitromethane Extraction Sys­
tem. When an equal volume portion
(10 m!.) of 0.5M TTA-nitromethane
and of aqueous phase 0.3N in lithium
are used, 98% extraction of the cesium
into the organic phase was obtained
at pH 8.7 in 3 minutes.

If we consider the organic nitro com­
pounds containing the grouping NOz,
with the N atom attached to a carbon
atom, they may be formulated as
follows:

The initial problem was to determine
the interrelation of the four parameter
variables, namely, the concentrations of
1'1'A, nitromethane, lithium, and pH.
Xylene, added to the organic phase,
served as diluent as well as to improve
mechanical behavior and to decrease the
aqueous solubility of the nitromethane.
While cesium extraction coefficients were

AT TTA M =0
Cs EXTRACTION. <.2 %40 L-_---'L-_---J.__-1.__-'-__-L__..l-_---'

0.1 0.2 0.3 0.4 0.5 0.6
AQUEOUS LITHIUM CONCENTRATION, M

Figure 2. Extraction of cesium-134 tracer as a function of
lithium concentration
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Figure 3. Extraction of cesium-134 tracer as a' function of
ITA concentration

Organic volume = 1
aqueous
Organic phase, O.25M TTA-nitromethane-xylene (I: 1)
Extraction period, 3 minutes

Organic
--- volume =
aqueous
Aqueous phase, pH 9; O.5M lithium citrate
Extraction period, 3 minutes
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Figure 5. Recovery and decontam­
ination of cesium-1 34, -1 37 with
O.5M TTA-nitromethane

A. Original gross spectrum
8. Organic phase spectrum

Figure 5 shows typical decontamination
data obtained by performing the
standard extraction procedure described
above with the addition of 5% EDTA.

TTA-Nitrobenzene Extraction Sys­
tem. The hi~h extractability found

from an aqueous phase of pH 8.7.
Under these conditions only 22% of the
sodium is extracted. With pure nitro­
methane as solvent for the TTA, the
cesium-134 extraction is raised to 98%
in the first extraction, but the percentage
sodium extracted is increased to 45%.
These facts suggest possible means of
effecting interesting separations of the
alkali elements from one another by
varying solvent ratios. Extraction
values for the different alkali elements
have been determined spectrophoto­
metrically and are shown in Table V.
The standard procedure described above
was used. The effect of cesium carrier
upon the extraction was also tested. No
significant deviation from cesium-134
tracer behavior was found at the 1 mg.
per ml. cesium level. Interestingly, the
extraction coefficients for the alkali
metal ions increase regularly with in­
creasing electrode potential (7).

A brief investigation of nitroethane,
nitropropane, and nitrobutane as sol­
vents for TTA gave slightly lower ex­
traction coefficients for cesium.

Use of a strong aqueous complexing
agent for most metal ions renders the
extraction higWy selective for cesium.
(Ethy lenedinitrilo)tetraacetic acid
(EDTA) complexes many metal ions
under the conditions recommended for
the extraction, thereby preventing their
interference either by coextracting or
hydrolyzing in the aqueous phase.
EDTA does not inhibit the extraction
of cesium. Probably weaker complexing
agents, such as citrate, tartrate, oxalate,
isobutyrate, or lactate, can be used in
place of EDTA in certain situations.

A

B
".

90

,
::E
::> 30 ­
in
w
u

10

60

70

~

• 60
o
w
I-
U
ii 50
I­
'X:
W

v 40
",

Organic volume = 1
aqueous
Aqueous -phase, pH 9
Organic phase, O.25M TTA-xyle,ne with varying

am.o\lnts of nitromethane
Extraction period, 3 minutes
A. a.tiM lithium citrate
8. No, lithium citrate

20 40 60 60
CONCENTRATION OF NITROMETHANE

IN XYLENE, volume %

Figure 4. Extraction of cesium-134
tracer as a function of nitromethane
concentration

IV u.sing the standard procedure de­
scribed above.

Two successive 3-minute extractions
with equal volume portions of O.5M TTA
in nitromethane--xylene (4: 1) cause
99.5% of the cesium-134 to be extracted

eet4t, t44

Element
Lithium
Sodium
Potassium
Rubidium
Cesium

Table IV. Effect of Strong Anionic
Groups on Extraction of Cesium-1 34

Tracer

COllcn., CSIU
Anion M extd., %

Control 94.8
Chloride 1 89.5
Sulfate 1 89.8
Nitrate 1 87.6

Table V. Extraction of Macro Amounts
of the Alkuli Elements

Amt. Recovery,
added, mg. %

13.6 91.4
112.0 44.8
10.8 82.1
6.2 92.2
7.4 99.5
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Figure 6. Recovery and
decontamination of ce­
sium-1 34, -1 37 with O.5M
TTA-nitrobenzene

A. Original gross spectrum
8. Organic phase spectrum
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for cesium in the TTA-nitromethane
system suggested an investigation of
the TTA-nitrobenzene system. In
the latter system, it was also found
possible to extract cesium essentially
quantitatively with excellent sepa­
ration from fission products. The
mechanical behavior. for nitrobenzene
was, however, not as good as for nitro­
methane. In a typical extraction, the
aqueous phase containing the fission
product mixture was adjusted to con­
centrations of 5M sodium hydroxide,
O.5M lithium hydroxide, and 5%
EDTA. This solution was extracted
for 3 minutes with an equal volume por­
tion of O.5M TTA-nitrobenzene. After
centrifugation for several minutes, the
gamma spectrum of each phase was
determined and compared with the
original gross gamma spectrum. (Suffi­
cient time must be allowed to elapse
after the removal of samples, so that the
equilibrium between the cesium-137
and its 2.6-minute barium-137 daughter
is attained.) Figure 6 shows the ex­
cellent cesium recovery and decon­
tamination possible in this system.
Interestingly, the peak at 794 k.e.v.
was shown to be due to a very slight
amount of cesium-134 present. It was
completely masked by the high ratio of
zirconium-niobium-95 in the original
gross spectrum. The decontamination
was somewhat better than that found
in the O.5M TTA-nitromethane system,
especially in regard to ruthenium whose
extraction in the nitromethane system
was unpredictable (Figures 5 and 6).

Under the described conditions for
the O.5M TTA-nitrobenzene system, a
slight amount of a fine suspended solid
formed in the organic phase. This sus­
pension did not separate on centrifu­
gation but could be readily dissolved by
the addition of small amounts of isoamyl
alcohol, after separation of the aqueous
phase. The addition of isoamyl alcohol
prior to the separation of the phases
tended to strip the major portion of the
cesium back into the aqueous phase.
Actually, the fine solid did not contain
cesium and was not an interference in
radiochemical measurements.

Among the advantages of nitroben­
zene over nitromethane as a solvent for
TTA are its negligible aqueous solubility
and somewhat higher decontamination
values. Furthermore, the hydrolysis of
the TTA is apparently completely in­
hibited in the nitrobenzene system,
even at concentrations as high as 5M
with respect to sodium hydroxide. On
the other hand, a vigorous reaction is

produced in the nitromethane system at
sodium hydroxide concentrations in ex­
cess of 1M. Mixtures of nitrobenzene
and nitromethane also proved impracti­
cal since the addition of even small
amounts of nitromethane to the nitro­
benzene system would trigger the rapid
decomposition reaction.

In the absence of EDTA the TTA
system, under alkaline conditions, offers
a possible means for the gross removal of
fission products.

The cesium is readily stripped from
the organic phase into acid media.

GENERAL APPLICATIONS

The new method described in this
paper provides a valuable solvent ex­
traction approach in two categories:

For the Analytical Chemist. Pre­
viously, chemists have found it neces­
sary to apply preliminary, tedious,
step-wise procedures of removing
other elements from the alkali ele­
ments. A major advantage of the
new method is the possibility of
extracting cesium and other alkali
elements directly away from many
other elements. This simplified rapid
separation provides the analytical chem­
ist with a useful tool in their determina­
tion or removal when they constitute
interferences. in other determinations.

The new method is potentially useful
for the direct isolation of cesium and
other alkali elements in an organic
phase for enhanced sensitivity by flame
spectrophotometry. The method pro­
vides the analytical radiochemist with
a simple, highly selective, nongravi­
metric technique for radiocesium in­
volving only the measurement of the
gamma radioactivity in the organic
phase. Ready adaptability to remote
control work is a distinct advantage over
precipitation methods.

For the Separations Technologist.
The separations technologist should
find profitable applications for this
method, both in the manufacture of
high specific activity radiocesium
and in the decontamination of waste
nuclear-fuel solutions prior to dis­
posal. In the former case, the use of
complexers such as EDTA to selectively
complex metal ions other than cesium is
indicated. In the latter case, omission
of the aqueous complexing agent pro­
vides the desired coextraction of both
cesium and other fission products.

While the highest extraction coeffi­
cients are found in the nitromethane and
nitrobenzene systems, it should be noted

that useful extractions of cesium are
possible in other systems, such as TTA­
hexone. In a several-stage separation,
this system may prove more practical.

Among the advantages of TTA over
tetraphenylboron are its considerably
higher stability and relative inexpen­
siveness. In addition, the TTA system
poses no stripping problems, as one finds
with tetraphenylboron, to prevent re­
cycling of the latter reagent.

Another appealing feature of the TTA
system is the possibility of applying it
in an integrated scheme for multisepara­
tions based on pH control (8, 9). Of
considerable advantage is the noncorro­
sive nature of the described method over
systems utilizing iodine, iodide, bromine,
bromide, and fluoride.
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Adsorption of the Elements on Inorganic Ion
Exchangers from Nitrate Media

WILLIAM J. MAECK, MAXINE E. KUSSY, and JAMES E. REIN

Atomic Energy Division, Phillips Petroleum Co., Idaho Falls, Idaho

Table I. Exchange Characteristics of Elements

able anions. The anion exchange
characteristics of the material are these.
Adsorption of anions decreases with
increasing pH; polyvalent anions are
more strongly adsorbed than are mono­
valent anions; negatively charged
metal complexe, are adsorbed; com­
plering reactions with the exchanger
can cause abnormally high adsorption
-Le., the D for fluoride on hydrous
zirconium oxide approaches infinity­
and the capacity of the exchanger is
on the order of 1 to 2 meq. per gram.
(The commercial exchanger used in
this study has a stated capacity of 1.05
meq. of Cr207-2 per gram at pH 1.)

At pH above the isoelectric point, the
hydrous zirconium oxide polymer is
negatively charged and is electrically
neutralized with exchangeable cations.
Its cation exchange characteristics are:
Increased pH gives increased cation
adsorption; the more strongly adsorbed
polyvalent cations are adsorbed at

relatively low pH values; and the
distribution coefficients for ammonia­
transition element complexes are extra­
ordinarily large.

Zirconium Acid Salts. The three
exchangers studied-zirconium phos­
phate, molybdate, and tungstate­
are sufficiently acidic to act only as
cation exchangers with the following
exchange characteristics: (1) With in­
creased pH, adsorption of cations in­
creases; (2) at low pH, the selectivity
for alkali metals is noteworthy, char­
acterized by increasing D values with
increasing number; (3) this high
selectivity for the alkalies and also for
the alkaline earths is lost at higher pH
(with the exchangers in the ammonium
form, the alkali metals can be eluted as
one group and the alkaline earths as
another group); and (4) the capacities
of the acid salt exchangers are on the
order of 1 meq. per gram. The capacities
of the exchangers used in this study

Pb separated from IVB, VB,
and VIB elements at pH 1

Potential analytical usefulness

TI(I) separated from IIIB ele­
ments at pH 3 to 5

Sc separated from IlIA elements
at pH 3 to 5

Be separated from IA and IIA
elements at pH 2: 5

Ag separated from most cations
at pH 1

Remarks

Low adsorption
Low adsorption

Adsorption increaaes with increaaing
pH, except Ag with high adsorption
over pH range 1 to 5

Adsorption increases with increaaing
pH. Sc and Zr most strongly ad­
sorbed. Zr added from fluoride soln.
may be adsorbed aa fluoride complex
or through heterogeneous exchange
reaction with exchanger

Maximum adsorption at pH 3 to 5 ex­
cept TI(I) which is low over pH range
1 to 5

Strong adsorption, aa anionic species,
over pH range 1 to 5 except Pb(II).
D of Pb(lI) maximum at pH 3

Nb and Ta added from fluoride media.
Increaaing D with increaaing pH
attributed to increaaing stability of
fluoride complexes

IIIB

VA

Periodic
group

IA
IIA

IB, lIB

IlIA, IVA
(rare earths)

IVB, VB, VIB

r> The distribution coefficients of 60
metal ions have been measured for
four inorganic ion exchangeni from
nitrate media over the pH range of 1
to 5. The exchangers are hydrous
zirconium oxide, zirconium phosphate,
zirconium tungstate, and z'irconium
molybdate. The data are presented
as plots of log distribution coefficient
vs. pH in a series of four periodic
charts. Separations of analytical in­
terest are presented.

T HE use of inorganic compounds for
ion exchange separation has been

gaining popularity. The emphasis in
research to date has been the synthesis
of various inorganic compounds and
experiments to characteriz.a the ion
exchange mechanisms. Thf' main use
has been in the nuclear energy industry
for the separation of selected nuclides
from dissolved, spent, reactor fuel
solutions.

Recently, four inorganic compounds­
hydrouB zirconium oxide, zirconium
molybdate, zirconium phosphate, and
zirconium tungstate--have become com­
mercially available for the express use
as ion exchangers. This paper presents
adsorption data for 60 metal ions for
these four exchangers from nitrate
media over the pH range of 1 to 5.
Potentially useful separations to the
analyst and radiochemist are pre­
sented.

Compared to the organic ion ex­
changers, the inorganic exchangers are
more stable to high temperature, radia­
tion damage, and oxidation; however,
the solubility of the hydrous oxide
exchangers becomes appreciable in acidic
media and the acid salt types are
appreciably soluble in basic media.

Based on the excellent studies of
Kraus et at. (5), Amphlett (1), Gal and
Gal (4), and others (B,3), the adsorp­
tion properties of the inorganic ex­
changers can be summarized as follows.

Hydrous Zirconium Oxide. In acid
(at pH levels below the isoelectric
point), the positively charged polymer
is electrically neutralized by exchange-
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Figure 1. Exchange characteristics of elements On hydroUs zirconium oxide

EXPERIMENTAL

Reagents. The four exchangers
(Bio-Rad Laboratories, Richmond,
Calif.) of 100 to 200 mesh were used
without treatment. Radiotracers either
were prepared by neutron irradiation in
the Materials Testing Reactor or were
purchased from the Isotopes Division of
Oak Ridge National Laboratory.

Procedure. To a 50-m!. polyethyl­
ene centrifuge tube were added 0.50
gram of one of the four inorganic ex­
changers and 10 m!' of a 0.005M solu­
tion of a metal ion and its radiotracer
in equilibrium. Oxidation-reduction
cycling was used to effect chemical iden­
tity for multivalent ions. The metal ion
solution had been preadjusted with ni­
tric acid or ammonium hydroxide to pH
1, 3, or 5. A polyethylene stopper was

(milliequivalent::; of Cs per gram at pH 4)
were:

Zirconium phosphate, 1.05
Zirconium molybdate, 1 .12
Zirconium tungstate, 0.77

Potential analytical- usefulness

Cr(III) separated from Fe, Co
andNi

U separated from Th

Remarks

D of W (as WO.-2) and Mo (as MoO.-2)
high and independent of pH. Cr
(III) adsorption pattern similar to
IlIA elements

Lower D for Tc(VII) and Re(VII) than
other anions attributed to singly
charged species. Adsorption of Mn
(II) similar to Group IIA

D of Co(II) and Ni(II) similar to IIA
elements. D of Fe(III) and Ru
(III) similar to IlIA elements. De­
creabing D with increasing pH for
Pd(II) may be due to formation of
nonadsorbing hydrolysis product.
Ir(IV), added from chloride media,
strongly adsorbed as chloride com­
plex

Decreasing D of Th(IV) with increas­
ing pH attributed to formation of
nonadsorbing hydrolysis product.
D values of U, Np, Pu present in
+6 oxidation state approach useful
high values at pH 5

VIII

VIA

VIlA

Actinides

on Hydrous Zirconium Oxide from Nitrate Media

Periodic
group
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Figure 2. Pc.change characteristics of elements on zirconium phosphate

Table II. Exchange Characteristics of Elements on

inserted and equilibration was made for
1 hour on a 3S-r.p.m. wheel. Moor
centrifugation, I-ml. aliquots were ana­
lyzed. The beta-gamma tracers were
counted in a well crystal; the alpha
tracers were plated on stainless steel
planchets and counted in a zinc sulfide
alpha chamber. Suitable radiotracers
were not available for several of the
elements. Aluminum, beryllium, lead,
magnesium, titanium, and vanadium
were determined by rotating disk emis­
sion spectrography, lithium by flame
photometry, and uranium by sodium
fluoride pellet fluorophotometry.

The distribution coefficient, D,
amount of metal ion adsorbed per gram
of exchanger/amount of metal ion per
milliliter of contacting solution, for the
above conditions, is:

D = 20 Cg: - 1)

in which Cb = counts of tracer or
amount of metal per milliliter, before
equilibration, and Ca =, Cb, after
equilibration.
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Periodic
group

IA

IIA

IB, IIB

InA
(rare earths)

IIIB

IVA

IVB

Remarks
Order of D i.e ZP>ZT>ZM." Sepa­

ration factors differ little for 3 ex­
changers, best at low pH

At comparable pH levels, D values are
approximately 10 times greater than
for IA elements. However, separa­
tion factors between members not as
high 8.8 for Group IA. D of Ba(II)
decreases at high pH especially on
ZP and ZT exchan~ers

D values generally Imcre8.8e with in­
creasing pH except for Ag on ZT.
Au, added from chloride solution, not
adsorbed

All members strongly adsorbed. With
ZT, D values decrease with increas­
ing pH differing from other two ex­
changers

D values of all members increase with
increasing pH, except Al on ZM

Zr added as fluoride complex. De­
cre88ing D with increasing pH
attributed to increasing stability of
fluoride complex

Increasing D value as atomic number
increases as expected for increasing
metal character

Potential analytical usefulness
Separation of individual alkali

metals

Ba separated from Sr on ZP at
pH5

Ag separated from other mem­
bers at pH 1 on ZM

Sc separated from other mem­
bers at pH 1 on ZP

Al separated from other mem­
bers on ZM at pH 5

Separation of members at pH 3
t050nZT



Figure 3. Exchange characteristics of elements on zirconium molybdate

DISCUSSION

a ZP = Zirconium phosphate.
ZT = Zirconium tungstate.
ZM = Zirconium molybdate.

The distribution coefficients, as de­
fined under Procedure, for 60 metal ions
in nitrate media from pH 1 to 5 are
presented in Figures 1 through 4, with
one figure for each of the four exchangers.
These data represent a total of 720 equili-

. brations; 4(exchangers) X 3(pH levels
of 1, 3, and 5) X 60(metal ions). The
pH range of 1 to 5 was selected because
below pH 1 the solubility of hydrous
zirconium oxide becomes appreciable
and above pH 5 hydrolysis reactions of
many of the metal ions become competi­
tive.

A nitrate medium was chosen for
its minimal complexing action and be­
cause nitrate media commonly are en­
countered in the nuclear energy in­
dustry.

Summaries of the exchange charac­
teristics of the elements for the four
exchanger materials are presented in
Tables I and II. Separations of po­
tential analytical usefulness also are
presented in these tables.

Separation of As from Sb on ZP
at pH 5. Separate Po from
Bi on ZM at pH <1

Potential analytical usefulness

Fe separation from 00, ~i, Ou
on ZP at pH 5. Ni separa­
tion from Pd, on ZT at pH <1

Th separated from U, Np, Pu on
ZM at pH <1

Separation of Or(IlI) from
Fe(Ill)on ZM at pH 4.
Separation of Or(IlI) from W
and Mo on ZT or ZP at pH 4

Positively charged Mn(II) most strongly
adsorbed

Hi~h D of Fe on ZP attributed to selec­
tIve phosphate complexing

Decreasing D of Pu(VI) with increasing
pH attributed to hydrolysis. High
D of Th and U on ZP attributed to
selective phosphate complexing

Remarks
Nb and Ta added from fluoride media.

Decreasing D values with increao­
ing pH attributed to increasing sta-
bility of fluoride complex ,

Increasing D values as atomic number
increases as expected for increasing
metal character. Decreasing D
value for As with increasing pH
attributed to increasing stability of
anionic form

Or(IlI) adsorption pattern similar to
Group IlIA. D values of anionic
Mo and Ware low

VIA

VIlA

VIII

VB. VIE

Actinides

Zirconium Acid Salt Exchangers from Nitrate Media

Periodic
group
VA
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Figure 4. Exchange characteristics of elements on zirconium tungstate
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The Application of Stripping Analysis to the
Determination of Silver(1) Using Graphite Electrodes

S. P. PERONE

Department of Chemistry, Purdue University, LafayeHe, Ind.

~ The extension of stripping analysis
to the determination of trace quanti­
ties of silver ion has been investigated.
The wax-impregnated graphite elec­
trode was applied in these studies
instead of the conventional hanging
mercury drop electrode, since, in
noncomplexing media, silver behaves
more nobly than mercury. During the
pre-electrolysis step a portion of the.
silver was electrodeposited on the
electrode at constant potential. This
step was followed by an anodic linear
potential sweep which resulted in the
quantitative stripping of the deposited
silver from the electrode. The quan­
tity of electricity involved in the anodic
peaks is directly proportional to the
product of the bulk concentration of
silver ion and the pre-electrolysis time
over a large range of concentrations.
The method was applied to solutions of
silver ion as dilute as 4.0 X 10-9M.
In addition, the general characteristics
of graphite electrodes for further
applications to stripping analysis were
evaluated.

THE TECHNIQUE of stripping analysis
is a very sensitive electroanalytical

technique. The method consists of two
steps. The first is the electrodeposition
of a small portion of the unknown
electroactive material at a micro­
electrode under controlled conditions of
mass transfer. The second step
involves the electrodissolution, or
stripping, of the deposit. Analytical
correlations are made between the
Faradaic signal obtained in the stripping
step, the bulk concentration, and the
plating time.

The technique has been most useful
in the application to the determination
of trace quantities of metal ions in
solution. In most of these applications
the mercury pool electrode (14) or
hanging drop mercury electrode (3, 8)
has been used. These electrodes have
been very satisfactory for applications
where amalgam formation is involved,
provided the stripping step occurs at
potentials where the electrode itself is
not oxidized.

However, the use of other types of
electrodes for stripping analysis has been
investigated recently to extend this
sensitive method to other electroactive

materials. For example, oxidizable
electrodes have been applied to the
determination of anions which form a
deposit upon anodization of the
electrode in solution (1, 17). Platinum
electrodes have been applied to the
determination of substances whose
electrodissolution potentials are more
anodic than that of mercury, whether
this be due to nobility (10) or to ir­
reversibility (12).

Unfortunately, whenever solid elec­
trodes are used for quantitative work,
the usual problems of surface prepara­
tion, contamination, and reconditioning
become very prominent. It is often
difficult to find a means of obtaining
reproducible surface conditions for the
application of the electrode to a partic­
ular system. If a satisfactory elec­
trode conditioning procedure is found,
it may be lengthy and inconvenient,
and often must precede each run for
best reproducibility.

Because of these difficulties, the ap­
plication of graphite electrodes to
electroanalytical chemistry had been
investigated previously. The general
electrochemical behavior of these
electrodes compared favorably to that
of platinum and gold (11), and re­
finements in their preparation-e.g.,
wax impregnation (4, 6)-and ap­
plication (5, 7) were developed. The
outstanding advantage of graphite
electrodes, of course, is that a new sur­
face may be exposed for each run, and
reproducibility is greatly enhanced by
this feature.

This paper describes the application
of wax-impregnated graphite electrodes
to the determination of silver ion by
stripping analysis. The method
involved the controlled-potential dep­
osition of metallic silver on the graphite
surface from a solution of silver ion.
The potential was selected cathodic
enough to be in the limiting-current
region for the silver reduction, but not
so cathodic as to cause significant
reduction of the solvent. Stirring and
other experimental variables were
maintained as constant as possible
during this pre-electrolysis step to en­
sure that a reproducible portion of the
silver was deposited during the timed
interval.

Mter the pre-electrolysis step was
completed, the deposit was stripped

from the electrode by anodic voltam­
metry with linearly varying potential.
One or more oxidation peaks were
obtained, and the amount of electricity
involved in these peaks gave a measure
of the amount of silver deposited and of
the bulk concentration. In this manner,
it was possible to analyze solutions of
silver ion as dilute as 4 X 1O-9M.

EXPERIMENTAL

Apparatus. The instrument used in
this work was the Sargent Model FS
Polarograph (E. H. Sargent Co.,
Chicago, Ill.). This instrument pro­
vides linear potential sweeps from
16.7 to 50.0 mv. per second in four
equal steps. In addition, the initial
potential can be set either by manual
adjustment of the slide-wire for the
potential scan or by an auxiliary
continuously variable low-voltage po­
tential source (+3.0- to -3.0-volt
range) incorporated into the instru­
ment.

The working electrode for all experi­
ments was a 12-inch spectroscopic
graphite electrode (National Carbon
Co., N. Y., No. L4309) prepared for
use by immersion in melted paraffin
wax (Parowax, U. S. P.) for 60 minutes.
With about 4 inches of the electrode
left submerged in the liquid, the wax
was allowed to cool slowly, and the
electrodes were removed when about a
1- to 2-mm. coating had formed about
the outside surface. This wax coating
acted as an insulation in the voltam­
metric experiments. The tip was broken
off to expose the circular graphite
surface, and this was conditioned by
sanding, first with medium grade flint
sandpaper, and then with fine grade
flint sandpaper. The surface was then
polished by rubbing on a piece of What­
man No. 1 filter paper on a flat surface
until no crevices were plainly visible
to the eye. The surface area was
approximately 0.32 sq. em.

The reference electrode was a large
saturated calomel electrode connected
to the cell through two ultrafine­
porosity sintered-glass junctions. Be­
tween these two junctions was placed
a 2M KNOa solution. This solution
acted as a bridge between the KCI solu­
tion of the saturated calomel electrode
(S.C.E.) and the silver ion solution in
the cell. It was periodically replenished
to minimize the chances of cross-con­
tamination by silver and halide ions.
The total cell resistance was 300 ohms.

The cell was a 125-ml. capacity poly-
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Silver ion concn. wos 4.0 X 10 -SM. Pre·
electrolysis time was 15 minutes. Doshed lines
are blanks.
A. Without pretreatment.
B. With pretreatment.
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to obtain reproducible stripping re­
sults. Furthermore, if the electrodes
were not mistreated their characteristics
did not deteriorate rapidly with time
and use. Numerous determinations
were made at the various concentration
levels over a period of several weeks
without the necessity of renewing the
electrode surface. (See Table 1.)

Despite the stability of electrode
characteristics, the effect of fresWy pre­
paring the electrode surface (sanding,
polishing, etc.) before each run was
investigated also (Table 1). The re-

Figure 2. Effect of pretreatment on
anodic stripping of silver deposits from
graphite electrode

1
2
3
4
5
6

Av.
ReI. std.

dev., %±2.6 ±3.4 ±6.1

A, B. Stripping analysis results for
4.0 X lO-sM Ag+ (5-minute pre-electroly­
sis time). Data in column B were ob­
tained 2 months after those in column A,
using same electrode, without resurfacing.
The electrode was used many times in
between for similar analyses. When not
in use, it was stored in deionized water.

C. These data were obtained for a 2.0
X lO-5M Ag+ solution (1 minute pre­
electrolysis), resurfacing the electrode
between each run.

El/2 = Const. + RT/nF In C*Ag+ (1)

Ag+ + 1e- ~ Ag

applied the graphite electrode to the
voltammetric study of silver reduction.

Thus, the objectives of this study were
to investigate the electrochemical be­
havior of micro deposits of silver at a
graphite electrode and to determine
whether this electrode could be used for
stripping analysis. This involved
experiments designed to show that re­
producible quantities of silver could be
deposited during the pre-electrolysis
step, and that the deposit could be re­
moved quantitatively by the subsequent
anodic electrolysis (stripping).

Pre-Electrolysis Step. SELECTION
OF PRE-ELECTROLYSIS POTENTIAL.
To select an electrolysis potential
which was sufficiently cathodic to be
in the limiting current region of the
silver reduction wave and yet not so
cathodic as to cause interference from
reduction of solvent, current-voltage
curves were obtained at the graphite
electrode. The conditions were iden­
tical to those used later, in the pre­
electrolysis procedure-e.g., stirring,
electrode, electrolyte, cell, etc. A
typical curve is shown in Figure 1.

The effect of dilution on the half-wave
potential also was considered in selecting
the electrolysis potential. If reversible
behavior is assumed for the reaction,

and an activity of unity is assigned to
the silver deposit, Nernst diffusion
theory (9) can be used to derive the
expression:

where C*Ag+ is the bulk silver con­
centration; El/2 is the half-wave
potential, and R, T, n, and F have their
usual significance. Thus, the half-wave
potential is expected to shift approxi­
mately 60 mv. cathodic for each 10-fold
dilution of silver ion.

At relatively high concentrations
(> 10-SM) the experimental behavior
closely followed the above prediction.
However, for the more dilute solutions
the half-wave potential apparently did
not shift cathodic with dilution as
rapidly as predicted, since considerably
more anodic electrolysis potentials could
be used than expected. This behavior
is similar to that observed by Rogers
and coworkers (2, 15, 16) who at­
tributed it to activity effects when less
than a monolayer was present on the
surface. Thus, by trial and error a pre­
electrolysis potential of -0.39 volt V8.

S.C.E. was found to be satisfactory and
was used throughout this study.

ELECTRODE PRETREATMENT. The
initial preparation of the graphite
electrodes was described in the Experi­
mental section. No further pretreat­
ment procedure was followed, except to
hold the electrode at a potential of
+0.90 volt V8. S.C.E. between runs

RESULTS AND DISCUSSION

styrene tumbler on which fit snugly a
machined Teflon lid. The lid had
various sized holes for the working elec­
trode, salt bridge, and nitrogen inlet
(also for a Teflon scoop designed for
hanging drops on a hanging drop
mercury electrode). In this work the
Teflon scoop was used to scrape nitrogen
bubbles off the surface of the graphite
electrode. To eliminate the photo­
reduction of silver in these experiments,
the cell was shielded from the light by
covering it with ali opaque material,
with provision for periodic observation.

Reproducible stirring was furnished
by a Teflon-covered, 3/4-inch magnetic
stirring bar and a Sargent synchronous
rotator (E. H. Sargent Co., Chicago,
Ill.) equipped with a magnet attach­
ment. No attempt was made to con­
trol temperature in these experiments.

Materials. All chemicals were rea­
gent grade and were w,ed without fur­
ther purification. The inert electro­
lytE. for all experiments was 0.2M
KN03• All solutions were prepared
in water purified by distillation and
passing over a mixed cation-anion
exchange resin bed. Silver nitrate
was used for stock solutions of silver
ion, and these were stored in the dark.
Silver solutions as dilute as lO-sM
could be stored for at least 1 month
in preconditioned polyethylene con­
tainers without any noticeable changes.
Stock solutions were not stored for any
longer than 1 month, and solutions of
silver ion more dilute than lO-sM were
prepared as needed. The preparation
and use of solutions more dilute than
lO-sM required the equilibration of all
volumetric vessels and the 'Jell assembly
with these solutions to minimize con­
centration changes due "he' adsorption
or desorption at the surfaces.

High-purity nitrogen was bubbled
through a gas-washing bottle containing
the inert electrolyte solution, and then
was dispersed through a coarse-porosity
sintered-,glass disk in the cell to remove
oxygen.

Extensive studies of electrodeposition
and stripping of silver deposits at a
platinum electrode had been carried out
by Rogers and coworkers (2, 15, 16),
and a coulometric method for the
determination of silver by electrolytic
stripping was developed (10). In
addition, Lord and Rogers (11) have

(()
CL

:40j/~
~20
cr
cr
;:)

() ~'-:::.5c------:':-O------O:::-.';:5------:-I""'"=.O
VOLlS, vs. S.C.E.

Figure 1. Current-voltage curve for
reduction of silver ion in stirred solution
2 X 10-4M Ag + in O.2M KNOa
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" Data refer to sx replicate determinations at each concentration.

Dashed lines are blanks. Concentrations and
pre-electrolysis times were:
A. 2.0 X 10-6M Ag+, 1 minute
8. 4.0 X 10-9M Ag+, 15 minutes

o 0 0.2 0:4 0.6 0.8

VOLTS, vs. S.C. E.

Figure 3. Anodic stripping of silver
from graphite electrode

ReI. std.
dev., %
±3.4
±2.7
±3.4
±2.6
±4.2

13.1
12.2
11.8
13.5
13.1

Q/Ct X
10-6

over the surface of the solution during
the rest of the experiment, and was
bubbled through the solution for 1
minute between replicate runs. The
graphite electrode was held at +0.90
volt vs. S.C.E. for a total of 2 minutes
between runs. Before the pre-electroly­
sis potential was applied the surface
of the electrode was gently scraped
with the Teflon scoop to remove the
adherent nitrogen bubbles. The elec­
trolysis potential of -0.39 volt vs.
S.C.E. was then applied to the working
electrode for an accurately measured
period of time. The length of the pre­
electrolysis step varied from 1 to 15
minutes, depending on the bulk con­
centration. Reproducible stirring ef­
fects were obtained by maintaining the
cell arrangement and geometry as
constant as possible for a series of runs.
The pre-electrolysis step was ter­
minated by opening the cell circuit.

Anodic Stripping Step. After com­
pleting the pre-electrolysis step, 30
seconds were allowed to pass so that
the solution came to rest. The un­
applied electrode potential was
changed to a value at the foot of the
wave; the cell circuit was closed
again, and the deposit was removed
from the electrode by an anodic po­
tential sweep. The height of the
anodic peak(s) obtained is not linearly
dependent upon the size of the deposit
because of the variation of the activity
during the stripping process (J 3).
Therefore, the relationship between the
number of coulombs of electricity
involved in the stripping peak(s), the
plating time, and the bulk concentration
was investigated. This approach was
used successfully for quantitative meas­
urements in previous studies of electro­
lytic stripping of deposits (10, 12, 13, 17).
The area under the peak(s) can be
determined with a planimeter and
readily converted to coulombs.

The selection of a rate of anodic
voltage scan was not critical. However,
better reproducibility was obtained and
no sacrifice of sensitivity resulted when
the slower rates of scan were used.
Thus, a scan rate of 16.7 mv. per second
was used for all runs except at the most

Table II. Anodic Stripping Analysis of Silver Ion"

Pre- Average
electrolysis quantity of

time, t electricity, Q
(min.) (J.lcoulombs)

1.0 262
2.0 48.8
5.0 11.8
5.0 2.71

15.0 0.79

B

Concn., C
(moles/liter)

2.0 X 10-6

2.0 X 10-8

2.0 X 10-7

4.0 X 10-il
4.0 X 10-9

4

3
(f)
Q.
~ 2
«
::)..

I-"' 0
z
W
0::
0::
:J

°.09

°(5
~06
«

.03

of the various experimental parameters
on the shape of the stripping curves
were carried out. No consistent im­
provement could be obtained by chang­
ing the pre-electrolysis time or potential.
Furthermore, the shapes of the curves
might vary somewhat as a function of
the aging of the electrode (observed,
primarily, as a variation in the relative
sizes of the various peaks). This
property of the system was not critical,
however, since the total stripping
coulombs always remained approxi­
mately constant (within experimental
error). Furthermore, the electrode
could always be returned to its original
state by resurfacing, although this was
rarely, if ever, necessary.

PRE-ELECTROLYSIS PROCEDURE. The
cell and electrode assembly were equili­
brated with aliquots of the sample
solution before a fresh portion of the
solution was added for analysis. Dis­
solved oxygen was removed by bubbling
nitrogen through the solution for 10
to 15 minutes. Nitrogen was passed

producibility was moderately good
(±6%) considering the extensive
additional operations between runs and
the probable variation of the electrode
surface with resurfacing. Thus, these
experiments showed that the electrode
CQuld be useful even. in cases where sur­
face deterioration occurred much more
rapidly than in this study.

An alternate pretreatment was inves­
tigated in an attempt to obtain better­
shaped stripping curves at the lower
concentrations. The multiple-peaked
curves obtained at these concentrations
(Figure 2, curve A) are not unusual,
since similar behavior had been ob­
served by Nicholson (12, 13) in studies
of the stripping of micro deposits of
nickel from platinum electrodes. In
addition, Rogers and coworkers (2, 15,
16), while studying non-Nernstian be­
havior of submonolayer silver de­
posits on a platinum electrode, noticed
that a small portion of the silver deposit
adhered so strongly to the electrode sur­
face that it could be removed only by
anodic electrolysis in cyanide solution.
Both investigators concluded that the
activities of these deposits could vary
with the extent of surface coverage, and
this could cause the observed non­
Nernstian behavior. Moreover, they
concluded that bonding forces between
the electrode and the deposit could be
stronger than those between the atoms
of the deposit, and that some portions
of the deposit might be bonded quite
firmly to the electrode surface. These
phenomena could cause the multiple­
peaked stripping curves observed in
Nicholson's work and also in this work.

On the assumption that problems
similar to those encountered by Rogers
and coworkers were causing the
anomalous stripping curves at low con­
centrations in this study, the graphite
electrode was pretreated before each of
a series of runs by anodic electrolysis in
concentrated ammonium hydroxide
using O.IM KN03 as the supporting
electrolyte. The electrolysis was carried
out simply by imposing 0.6 volt between
the working electrode and a graphite
counter electrode for 1 minute.

When electrodes pretreated in this
fashion were applied to 4 X lO--8M
silver solutions, well defined double­
peaked stripping curves were obtained.
The shapes and sizes of these curves
were reproducible when the pretreat­
ment was performed before each run.
Figure 2 compares these curves to those
obtained without the pretreatment.
The total quantity of stripping coulombs
is nearly identical in both cases, but
residual currents were slightly different.

It was decided not to use this pre­
treatment in the analytical method,
since the overall results were not
changed, and the omission of time­
consuming steps was highly desirable.
However, further studies of the effects
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dilute concentrations. At 4 X lO-oM
silver ion, the stripping scan rate was
increased to 33.3 my. per second, and
sharper peaks were obtained. Thus,
sensitivity was increased, and cor­
respondingly shorter electrolysis times
could be used.

Typical stripping current-voltage
curves are shown in Figure 3. The
residual current line was determined by
carrying out the pre-electrolysis and
stripping procedure on blank solutions.
The analytical results are summarized
in Table II. The dependence of the
stripping coulombs on the product of
bulk concentration ltnd electrolysis
time is linear over a wide range. The
relative error is not as small as would be
desired (±4.7%), but this is due
probably to the difficulty in preparing
and handling the very dilute solutions.
The reproducibility, however, is much
better, as pointed out in Table II.

The correlation between the total
stripping coulombs and that predicted
from the convection-controlled cathodic
limiting currents is very good. For
example, in 2 X lO-SJf silver solution,
the limiting cathodic current was
4.2 }.La. For a 60-second pre-electrolysis,
then, a silver deposit corresponding to
252 J.lcoulombs should be formed; the
stripping results show 262 /Lcoulombs of
electricity. This is further evidence that

approximately all of the deposited silver
is removed by the subsequent stripping
procedure.

An entirely unexpected advantage of
the graphite electrode found in this
study is that the residual currents are
not significantly greater than those
observed under similar conditions with
the hanging drop mercury electrode (3).
This is despite the fact that the surface
area (0.32 sq. cm.) of the graphite
electrode used in these studies is about
6 times as large as that of a typical
hanging drop electrode (ca. 0.05 sq. cm.).
Thus, the ratio of the Faradaic signal
to the residual signal is greater, and
sensitivity is increased by a factor of
about 6. This is obvious from the
fact that only 15 minutes' plating time
was required to obtain the stripping
data for 4 X 10--9M silver ion. More­
over, when the pre-electrolysis was
carried out for only 5 minutes, sen­
sitivity was not found lacking, but the
results were less precise.

Thus, it is reasonable to speculate that
this method might be applicable to the
determination of silver ion somewhat
more dilute than 4 X lO-oM, perhaps
as low as lO-loM. No attempts were
made to study such dilute solutions in
this work, since the preparation and
handling of these solutions is con­
siderably more difficult and time
consuming.
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Polarographic Determination of Nitrite
as 4-Nitroso-2,6-xylenol

A. M. HARTLEY and R. M. BLYI

Department of Chemistry and Chemical Engineering, University of 1I/inois, Urbana, 11/.

~ Phenols react with nitrosonium ion
under mild conditions to produce
the corresponding nitrosophenols. In
5: 4:1 (volume ratio) sulfuric acid­
water-acetic acid, 2,6-xylenol reacts
with nitrite to produce 4-nitroso-2,6­
xylenol. The reaction is rapid, repro­
ducible, and nearly quantitative. The
product is polarographkally reducible
with a single diffusion-ccmtrolled wave
which merges with the (modic dissolu­
tion of mercury at 0.0 volt vs. the
mercury-mercurous sulf(]te reference
electrode. The diffusion current at
-0.15 volt vs. the reference elec­
trode is linearly concentration depend­
ent in the range 0 to 14 p.p.m.
nitrite in the reaction mixture. De­
terminations may be made directly on
the sample within 10 minutes. Side
reactions, one of which produces
3,3/,5,5/-tetramethylindophenol limits
the yield to approximately 92%.
Nitrate constitutes an interference since
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it forms the corresponding 4-nitro­
2,6-xylenol which is also polaro­
graphically reducible. However, the
appropriate potentials for diffusion
current measurement of the nitroso­
and nitroxylenols are sufficiently sepa­
rated that a 1DO-fold excess of
the latter can be tolerated without
interference. The overall reproduci­
bility of the method is less than 1%
(expressed as relative standard devia­
tion).

N ITRATE AND NITRITE react repro­
ducibly with 2,6-xylenol to produce

4-nitro-2,6-xylenol and 4-nitroso-2,6­
xylenol, respectively (1). These re­
actions have been utilized in spectro­
photometric procedures for nitrate and/
or nitrite (7) and for polarographic
determination of nitrate (8). The
characteristics of spectrophotometric
measurement compared with polaro-

graphic measurement are sufficiently
different with respect to interferences,
simplicity of procedure, and the like
that development of a complimentary
polarographic procedure for nitrite
would be useful.

EXPERIMENTAL

Apparatus and Reagents. Polaro­
graphic apparatus and techniques
were essentially those previously re­
ported by Hartley and Curran (8).
Reagents and solutions were prepared
according to the directions reported for
the spectrophotometric methods (7).
The Hg/Hg2S04 reference electrode
was prepared in the 5:4:1 (v';v.)
H2S04 :H20:HOAc solvent determined
to be the optimum composition of re­
action solvent. The dropping mercury
electrode was of the common stand-tube

1 Present address, California Research
Corp., P.O. Box 1627, Richmond, Calif.



Current axis for curves (b) and (c) has been shifted by 0.50 p.a.

this solvent 4-nitroso-2,6-xylenol pro­
duces a single diffusion-controlled wave
which merges with the anodic dis­
solution of mercury at 0.0 volt V8.

the mercurous sulfate reference elec­
trode used throughout this work (Figure
1). The potential of this electrode at
25° C. is +0.450 volt V8. the hydrogen
electrode when measured in the cell:
Pt/H2 1 atm, 5:4:1 H2S04:H20:HOAc,
H~04(sat.)/Hg (10). Logarithmic
analysis of the current-voltage curve in
the region of 0.0 volt yields an extra­
polated half-wave potential of +0.05
volt. At the rotating platinum elec­
trode (600 r.p.m.) the wave is asym­
metric and drawn out over a 20o-mv.
potential range with a half-wave po­
tential of -0.06 volt. The potential
of -0.15 volt was chosen for analysis
as the optimum point between the
anodic oxidation of mercury and the
reduction of oxygen. At this potential
the current due to the reduction of
oxygen in air-saturated solutions is, for
most cases, negligibly small and con­
stant; the half-wave potential for
oxygen in this system is -0.60 volt.
Hartley and Curran have found the
half-wave potential for the 4-nitro-2,6­
xylenol in 6:3:1 H2S04:H20:HOAc to
be -0.27 volt V8. the Hg/H~S04

electrode prepared in the same solvent;
in the present solvent the value is
-0.32 volt and the current due to
reduction of this compound at -0.15
volt is negligible. All data reported
in the present work were obtained in
air-saturated solutions.

The diffusion current at -0.15 volt is
linearly concentration-dependent up to
a concentration of 5 X 1O-4M 4-nitroso­
2,6-xyleno!. A plot of diffusion current
(measured at maximum pen deflection
with a I-second recorder) when cor­
rected for a small oxygen contribution
in this range has a slope of 5.375 pa.
per mM per liter and zero intercept.
Above 5 X 1O-4M the slope decreases;
at 1O-3M the current is 4% less than
expected from the initial linear slope.
The decrease is believed to be due to
the formation of a dimer (6) according
to the equation:

The diffusion current constant, (id)rrax/
Cm2/ 3t1/ 6, for 4-nitroso-2,6-xylenol in
6:3:1 H~04:H20:HOAcat -0.60 volt
is 1.60. Curran obtained a value of
3.24 for the corresponding nitro com­
pound in the same solvent. Bergman
and James (4) studies of controlled
potential electrolysis of nitro com­
pounds in H~04 solvent and HOAc
solvent identify the process as: ArN02+
4H+ +4~ = ArNHOH. Gowen-

I--toom..j

d

c

b

upon acidity. Polarographic behavior
was determined by preparing deter­
minate solutions of the pure compound
in the mixed solvent, 5:4:1 H2S04:
H20:HOAc, which had been deter­
mined by Hartley and Asai (7) to be
optimum with respect to minimal side
reactions. The ternary ratios reported
throughout this work represent the
ratios of original volumes taken and do
not refer to the final composition. In

centration is known. Nitrate may be
determined conveniently by the pro­
cedure of Hartley and Curran (8).
Chloride, an interference in the nitra­
tion but not the nitrosation reaction,
can be removed by the Hg2S04 meta­
thesis procedure given in (8).

Divide an aqueous sample into three
portions. To one add 1.0 gram of
sulfamic acid and proceed with the de­
termination of nitrate. To a second
portion add an amount of stock nitrite
solution estimated to approximate the
nitrite originally present. Determine
the diffusion current of this and the
third portion according to the pro­
cedure given in (A). The original
nitrite concentration may be found
from the data by the usual calculations
of standard addition procedures.

CHa

2H0-P-NO
CHa

RESULTS AND DISCUSSION

A. Polarographic Characteristics of
4-Nitroso-2,6-Xylenol. The reaction
of nitrite with 2,6-xylenol has been
shown by Asai (1) to yield 4-nitroso-2,6­
xylenol as the major product with
3,3',5,5' - tetramethyldiphenoquinone
and 3,3',5,5'-tetramethylindophenol as
side or consecutive products dependent

-E vs Hg/Hg,SO.

T
t,uA

1

Figure 1. Polarograms of (a) residual current of 5:4: 1
v./v. sulfuric acid-water-acetic acid electrolyte, (b) 7.40 X
10-4M 4-nitroso-2,6-xylenol in air-saturated solution, (c)
7.40 X 10-4M 4-nitroso-2,6-xylenol, and (d) 5.03 X
10-4M 4-nitro-2,6-xylenol (concn. based on nitrate taken)

leveling bulb construction and had
capillary characteristics of t = 3.180
seconds at 50-em. height of mercury
and -0.15 volt V8. the Hg/Hg2S04 ref­
erence electrode and m = 2.153 mg.
per second.

Procedure. A. PREPARATION OF
WORKING CURVE. Prepare aqueous
samples of sodium nitrite in the range
5 X 10-4 to 1O-2M. To a 100-m!.
electrolysis beaker add 40 m!' of a 5: 3
H2S04:H20 mi.xture (prepared by
adding 5 volumes of concentrated acid
to 3 volumes of water). To this solu­
tion add, with good stirring, 5.00 m!'
of aqueous standard nitrite solution and
5.00 m!' of O.IM 2,6-xylenol in glacial
acetic acid in that order. Place the
beaker in a water bath maintained at
25° C. and stir until the bath tem­
perature is obtained in the beaker.
Record the diffusion current at -0.15
volt V8. the Hg/Hg2S04 reference elec­
trode. Record the residual current of a
blank solution prepared by destroying
the nitrite in an aqueous sample by
adding 1.0 gram of sulfamic acid and
proceeding as above. The slope and
intercept of the working curve are
slightly dependent upon reaction tem­
perature, temperature of the polaro­
graphic solution, order of reagent ad­
dition, and the time sequence of op­
erations. However, for a fixed set of
these conditions the curve is linear.
If nitrate is present in equivalent or
greater amount it is an interference
and the procedure given below must
be used.

B. PROCEDURE FOR SAMPLE CON­
TAINING NITRATE. The reaction con­
ditions given above produce the nitro­
soxylenol in an amount greater than
can be accounted for on the basis of
nitrite present if nitrate is also present
in the sample. As shown in the text
this error can be several-fold if nitrate
is in overwhelming excess. If the
samples are such that the nitrate con­
centration can be regarded as constant,
the resulting nonlinear working curve
can be used provided the nitrate con-
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a Results calcd. on basis of diffusion
current constant or molar absorptivity of
4-nitroso-2,6-xylenol in ench solvent mix­
ture.

ReI. std. dev. b

0.32
0.26
0.32
0.37
0.60
2.54

Yield, %a
89.0
89.0
88.5
87.2
83.7
79.6

T., 0 C.

16.0
45.7
55.0
64.9
74.1
83.6

of reagent and thus allows a test of the
alternatives.

Forty milliliters of a 5: 3 H.BO.: H20
solution was heated to a desired tem­
perature in the range 20° to 40° C. and
5.00 mI. of an aqueous nitrite sample
was added. This solution was main­
tained at the temperature for 1 minute
and then cooled rapidly in an ice bath.
When the solution temperature reached
25° C., 5.00 mI. of the stock O.IM
reagent was added. The solution tem­
perature was readjusted to 25° C. and
the diffusion current at -0.15 volt
measured after 5 minutes' reaction.
The results, given in Table II, are the
averages of three or more replicates at
each temperature.

The effect of temperature on the
reaction itself was determined by It

set of experiments in which the solutions
were maintained at slightly elevated
temperatures until the reaction was
complete. Forty-milliliter portions of
the 5:3 solvent were heated to a tem­
perature between 10° and 40° C. such
that the subsequent addition of aqueous
sample would not increase the tem­
perature to more than 45° C. Five
milliliters of stock nitrite in water was
added to each and t.he resulting solution
cooled to a specified temperature be­
tween 20° and 40° C. When the desired
temperature had been reached, 5.00
mI. of the reagent solution was added.
Since the heat of dilution had been
largely dissipated in the initial dilution
the addition of the acetic acid did not
appreciably change the temperature.
Mter 5 minutes' reaction time the
solution was cooled (or heated) to 25° C.
and the diffusion current was meas­
ured. Triplicate determinations in this
manner gave identical average maxi­
mum currents at reaction temperatures
of 20.0, 30.4, and 40.0° C.

The first two entries of Table n in­
dicate no detectable loss of nitrite
provided the temperature of the reac­
tion solution does not exceed 45° C.
Since the second set of experiments was
so designed that the maximum tem­
perature was always less than this
value, the latter results show that the

a Based on diffusion current of 4-nitroso­
2,6-xylenol equivalent to nitrite added
(2.02 X lO-3M).

b Calcd. from triplicate measurements.

Table II. Effect of Temperature on
Stability of Nitrite in 5: 4: 1

H2S04 : H20: HOAc

nitrite concentration and cannot be
more than minimized. Asai found the
optimum solvent to be 5: 4 :1.

The relative rates for these two
reactions are reflected in Asai's findings
that the order of addition of sample
and reagent was significant. If nitrite
was added to the solution after the
addition of the reagent the spectro­
photometric results were lower than
for the reverse procedure and of poorer
precision. Preliminary polarographic
results confirmed these observations
and all experiments cited in this work
were performed by adding the reagent
last.

EFFECT OF ACIDITY. Asai's studies
of the effect of solvent composition on
the rate and yield of the reaction
showed that the figure of merit for the
solvents H2S04;H20: HOAc and H2S04:
HaP04:H20:HOAc was the acidity as
measured by Hammett's acidity func­
tion, Ho. When these solvents were
composed so as to have the same
nitration rates and yields, the acidities
as measured with the indicator, 2,4­
dinitroaniline, were closely similar.

The nitrosation reaction is affected
by acidity in three ways; nitrosation
rate which is proportional to - H o;
decomposition of nitrite which is max­
imal in the 5: 4; 1 solvent (2); and loss
of product by condensation with excess
reagent which is proportional to H o
(10). The yield of nitrosoxylenol was
determined polarographically in three
solvent mixtures in the region of
optimum acidity reported by Hartley
and Asai: 6:3; 1, 5:4: 1, and 9:9:2
H.B04:H20:HOAc. The data shown in
Table I were obtained according to the
directions given in the Procedure
section with a constant recording time
of 5 minutes after the addition of the
reagent. Spectrophotometric results
for the same conditions are included
from the work of Hartley and Asai for
comparison. In agreement with the
more extensive studies reported by Asai
(1) the yield passes through a maximum
at about the 5:4: 1 ratio solvent. The
slightly higher yields found for the
polarographic procedure are due in
part to a somewhat easier and more
precise volumetric technique and to a
fundamental difference in the effect
of side reactions which is discussed in a
later section of this article.

EFFECT OF TEMPERATURE. Asai (1)
reported an apparent effect of tem­
perature on the nitrosation yield as
measured spectrophotometrically. Be­
cause the spectrophotometric technique
cannot be carried out rapidly enough to
follow the reaction in its initial stages
it was impossible to determine whether
the effect resulted from loss of nitrite
or from a change in the reaction per se.
The polarographic procedure as pres­
ently developed is capable of following
the reaction within seconds of addition

81.9
82.7
77.2

83.0
92.8
85.7

Polaro- Spectro-
graphic photometric

6:3:1
f;:4: 1
1):9:2

lock and Luttke (6) state that the
polarographic reduction of nitroso com­
pounds proceeds according to: ArNO +
2H+ + 2e = ArNHOH. The pos­
itive half-wave potential of the ni­
troso compound in the present solvent
precludes a test of reversibility, but the
ratio of the above diffusion current
constants, 2.02, supforts an inference
of a 4-electron reduetion of the nitro
compound and a 2-electron reduction
of the nitroso compound. The dif­
fusion current constant for the nitroso
compound in 5:4:1 solvent is 2.66 at
--·0.15 volt. If "n" is taken to be 2
the simple Ilkovic equation yields a
diffusion coefficient of 4.0 X 10-6

em. 2 per second. The temperature
coefficient of the diffusion current in
the range 20° to 40° C. is +2.1% per
degree which is slightly less than
that reported for the nitro compound
(8). The difference is believed to be
due to the difference in viscosity­
temperature behavior between 5: 4: 1
and 6: 3: 1 solvents.

B. Reaction of Nitrite with 2,6­
Xylenol. Asai has made an extensive
study of the reaction of 2,6-xylenol
with nitrate and nitrite (1). He has
shown that the reaction with nitrite
yields at least one side product at all
acidities. In solutions of low acidity­
e.g, 10% aqueous acetic acid-nitrite
reacts oxidatively with the reagent to
produce 3,3',5,tl'-tetramethyldipheno­
quinone in addition to the major
product, the 4-nitroso-2,6-xylenol. At
higher acidities :3uch as 6: 3: 1 H2S04 :

H20: HOAc oxidation is minimal but
the nitroso compound condenses with
excess xylenol to produce the 3,3',5,5'­
tetramethylindophenol. The oxidation
reaction leads to loss of nitrite pro­
portional to (N02-)l/2 at constant
lI:ylenol concentration (9). The nitro­
sation reaction rate is linear with
nitrite concentration while the oxidation
rate is proportional to (N02-)l/2. The
rate constant for the oxidation reaction
is approximately 10% of that for the
nitrosation reaction. Hence the loss of
nitrite at constant xylenol concen­
tration is relatively independent of the

Table I. Effect of Solvent Composition
on Nitrosation Yield

Solvent
composition

('1./'1.
H!SO~;H20:

HOAc)
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G Constant final volume and composition: 50 m!' of 5:4:1 H,S04:H,O:HOAc.

Table IV. Reproducibility of Nitrosation 'in Cooled 5: 4: 1 v./v.
H2S04 : H20: HOAc

" Corrected for zero intercept (0.023 JLa.) of id (max) VB. C curve.
b Yields calcd. as in Table I.
- Calcd. from duplicate measurements; all others are from triplicate measurements.
d Variation in current expressed as average deviation.

Yield, %
74.9
87.0
86.5
87.4
84.7
85.7
91.2
92.0
92.0
86.4
93.4
94.5
89.8
98.5

ReI. std. dev.­
1.44
0.98
1.02
0.58
0.19
0.64
0.69
0.92
0.74
0.51

ReI. std. dev.
2.22­
0.14
0.32­
0.53
0.44

Yield, %b
107.4
96.3
92.1
92.3
92.8
87.3
90.3
893
93.9
93.4

Yield, %b
77.8
92.2
91.3
91.8
94.1

REPRODUCIBILITY OF NITROSATION.

When nitrite is determined by this
method using the directions given in
the Procedure, results typified by those
in Table IV are obtained. If the pro­
cedure is modified to omit all tempera­
ture control prior to final adjustment
for polarographic measurement, the re­
sults of Table V are typical. A re­
gression analysis of these data yields a
"least squares" equation, i d = 0.480C +
0.020 for the first procedure and i d =
0.482C + 0.023 for the second. The
residual term in each equation rep­
resents the small contribution of oxygen
to the residual current at -0.15 volt.
The precision of the method (average

Maximum temp.
of solution (0 C.)

94-97
31-33
27-29
26-27
25-26
93-96
48-51
34-36
29-30
95-97
50-51
35-37
94-98
51-52

Effect of Sample Size on Nitrosation YieldG

Diffusion
current at
-0.15 volt

(JLa. )
0.181
0.187
0.186
0.188
0.182
0.921
0.980
0.989
0.989
1.857
2.009
2.031
3.738
4.098

Diffusion current".d
at -0.15 volt (JLa.)

0.029 ± 0.001
0.052 ± 0.001
O. 197 ± 0.002
0.348 ± 0.002
0.499 ± 0.001
0.943 ± 0.006
1.946 ± 0.014
2.828 ± 0.026
3.912 ± 0.029
4.824 ± 0.025

Sample
size

(mI.)

20
4
2
1
0.5

20
10
5
2.5

20
10
5

20
10

Table III.

Nitrite
taken
(roM)

0.100
0.499
1.00
2.00
3.99
0.499
1.00
2.00
3.99
1.00
2.00
3.99
2.00
3.99

Nitrite taken
(mM)

0.050
0.100
0.401
0.701
1.00
2.01
4.01
6.02
8.02

10.00
• Corrected for zero intercept (0.020 I'a.) of i" (max) VB. C curve.
b Yields calcd. as in Table I.
- Calcd. from triplicate measurements.
d Variation in current expressed as average~deviation.

Table V. Reproducibility of Nitrosation in Uncooled 5:4: lv./v. H2S04:H20: HOAc

Nitrite taken Diffusion current",d
(mM) at -0.15 volt (JLa.)
0.050 0.021 ± 0.001
1.00 0.496 ± 0.001
6.02 2.893 ± 0.009
8.02 3.824 ± 0.020

10.00 4.858 ± 0.022

member of each series is somewhat more
dilute than the rest because this non­
ideality of solution has been removed
in succeeding experiments by the prior
dilution with water. The yields were
calculated using a reference solution of
4-nitroso-2,6-xylenol prepared deter­
minately from the pure compound to
correspond to 100% yield based on
the nitrite taken. This solution was
prepared with 5.00 m!' of aqueous
nitrosoxylenol solution, 5.00 ml. of
acetic acid and 40.00 ml. of 5:3 H2S04:
H20. In comparison, the solutions of
experiments 2, 8, and 12 are most
similar to the reference solution in this
respect.

procedure can be carried out at any
temperature less than 45° C. without
significant loss. The negligible effect
of moderate temperatures on the reac­
tion itself indicated that the reaction
is not a primary source of low yields
and the major effect is decomposition
or loss of nitrite before reaction can
take place.

EFFECT OF SAMPLE SIZE. The fore­
going results are applicable only to
samples containing nitrite in suffi­
ciently high concentrations that a ten­
fold dilution with respect to final
composition can be tolerated. In these
experiments a 2.02 X 1O-3M stock
solution of nitrite was used. When
5.00 m!' of this solution is added to
40.00 m!' of the 5: 3 acid mixture and
5.00 m!' of the reagent solution the
final composition is 5: 4: 1 H2S04:H20:
HOAc and about 1.8 X 1O-4M in
4-nitroso-2,6-xylenol which produces a
diffusion current of about 1 p.a. How­
ever, if samples are more dilute in
nitrite a large fraction of the water in
the final solution must come from the
aqueous sample with a resulting in­
creased heat of mixing with a more con­
centrated acid. As shown in Table II
such extremes of temperature resulting
from heat of dilution prior to reaction
cannot be tolerated. This effect of
.sample size dictated by concentration
is shown in Table III. In these ex­
periments a series of nitrite samples in
water was prepared in the concentra­
tions given in column 1. The H2S04:
H20 ratio of the initial solvent was
adjusted such that when 5.00 m!' of
the reagent and the sample volumes
given in column 2 were added the final
solution was 50 m!. of 5: 4: 1 H2S04:
H 20: HOAc. The temperatures in
column 3 are those of the solution after
addition of the sample to the acid.
Four series were run at final concen­
trations expressed as nitrite of 0.04,
0.20, 0.40, and 0.80 mM.

The results of these experiments
show that if a significant (about 50%)
fraction of the water in the final solution
can be added prior to adding the sample
the effect of heat is removed and yields
are significantly higher. The results
of experiments 2 to 5 are somewhat
low because of difficulties in meas­
uring the small volumes of sample
used and the correspondingly low dif­
fusion currents; the precision of these
data is, as expected, the least of the
set. The yields for the first member
of each series are somewhat low because
of the method of solution preparation
and the method of calculation. In each
case the solutions were prepared by
addition of known volumes of each
solution without regard for final volume.
Since these solvents are not ideal the
concentration of nitrite is dependent
upon solvent composition. The first
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p(NO;)

Figure 3. Diffusion current at - 0.15 volt vs. p(N03-) for (t.) pure nitrate sam­
ples, (o) 3 X 10-3M nitrite samples, and (.) 5 X 10-3M nitrite samples

+4+3

solutions with respect to nitrate were
prepared in this solvent and in 9: 9: 2
solvent, which had been previously
shown by Asai to be satisfactory for
nitrosation although the rate of reac­
tion was somewhat slower and in which
nitration is much slower. Diffusion
currents were measured at -0.15 volt,
the analytical potential for the nitroso
compound and at -0.60 volt, the poten­
tial on the diffusion plateau for the nitro
compound used previously by Hartley
and Curran (8). Inspection of the early
portions of curves d and b of Figure 2
indicates that for reaction times of
less than 15 minutes (compared to 3-5
minutes needed for nitrosation) the
contribution of nitrate is less than 0.1
p.a. for 1O-4M solutions. A nitrite
solution of the same concentration
yields a diffusion current of 0.96 p.a.
at this potential.

Preliminary work using the nitrate­
nitrite ratios used by Asai (1) failed to
substantiate the reported favorable
effect of added nitrate. Repetition of
the spectral investigation using the
exact reported procedures and con­
centrations also revealed no effect
other than a deleterious one. We now
conclude that the previous observations
must have been due to slightly longer
cooling periods, necessitated by the
additional pipetting, and to an increased
manipulative skill since these experi:'
ments were carried out near the end of
the spectrophotometric investigation.

If the ratio of nitrate to nitrite is
increased beyond equimolar proportions,
the current at -0.15 volt increases
beyond that calculated for the amount
of nitrite present. This "exaltation"
effect can be as large as 16% of the ex­
pected current as shown in Figure 3.
In the experiments shown in Figure 3
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of less than 100: 1 the diffusion current
at -0.15 volt due to the latter is not
affected by the presence of the nitroxyl­
enol.

In the earlier work the ratio of nitrate
to nitrite was not investigated beyond
approximately equimolar amounts.
Since the polarographic characteristics
allow a much higher ratio the effect of
these higher ratios was studied with
the object of developing a method for
samples which contain both nitrate and
nitrite with the former in much larger
concentration.

The magnitude of diffusion currents
obtained for nitration in the 5: 4: 1
solvent is shown in Figure 2. Identical

10

Nitrate concn. is 5.0:1 X 10 -4M in solvent mixture

4

«
~

I- 3
z
W
0:
0:
:::>
u 2.
z
Q
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u..
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0 20 30

TIME (MINUTES)

Figure 2. Diffusion current vs. time for nitration in 9:9:2 v./v. H2S04:H20:HOAc
(0) at -0.15 volt, and (t.) at -0.60 volt; and in 5:4:1 v./v.H2S04:H20:HOAc
(.) at -0.15 volt, and (o) at -0.60 volt

(relative standard deviation = 0.70) is
sufficiently small that the temperature
coefficient of the diffusion current mllst
be taken into account. In the 5:4:1
solvent the temperature coefficient is
+2.1% per degree in the interval 20°
to 30° C. Con:3tant temperature con­
trol to ±0.1° C. is desirable.

EFFECT OF KITRATE. It has been
shown previously that nitrate reacts
with 2,6-xylenol to produce the polaro­
graphically (8) or spectrophotomet­
rically (7) measurable 4-nitro-2,6­
J..'Ylenol in these mixed acid solvents.
The acidity requirements for nitration
are greater than for the nitros!~tion;

in the 5: 4: 1 solvent nitrosation is
essentially complete in 2 mmutes
whereas the nitration reaction is scarcely
5% complete in 5 minutes. AEai (1)
showed that it was possible to de­
termine both nitrate and nitrite in the
same sample simultaneously albeit with
less precision than for either separately.
In this work Asai observed the curious
effect that the presence of small quan­
tities (less than 1% relative to the
nitrite) of nitrate improved the yield
and precision of the nitrosation.

The possiblity of simultaneous
polarographic determination of nitrate
and nitrite is attractive because, in
contrast to the spectrophotometric
characteristics, the polarographic waves
for the two products do not overlap.
In the 5: 4: 1 solvent the nitI'osoxylenol
shows onlv a diffusion-limited current
plateau at 0.0 volt whereas the cor­
responding nitro compound has a half­
wave potential of -0.27 volt VB. the
Hg/Hg2S04 reference eleet.rode. In
solutions containing both eompounds
it has been found (cf. Figure 1) that for
ratios of nitrox:'ylenol to nitrosoxylenol
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H0-Q-N=C)=0 + 2H+ + 2e =:;: HO--O-~-Q-OH (3)

(4)

(1)

(2a)

(2b)

+ NO?

CHs

H0-P-NHOH

CHs

CHs CHs

H0-Q-N=Q=0

CH3 CHs

spectrophotometric solution. After 30
minutes the former has suffered less
than 1% decrease in diffusion current
while the latter has undergone a
14% loss as measured by the absorb­
ance.

When nitrite is allowed to react with
2,6-xylenol under conditions favoring
rapid condensation-i.e., 6:3:1 H 2S04 :

The nitrosoxylenol electrochemical re­
action at mercury in these solvents is
believed to be:

H20: HOAc-until spectrophotometric
examination shows no nitrosoxylenol
present, the resulting deep red solution
gives a polarogram qualitatively identi­
cal to 4-nitroso-2,6-xylenol in the same
solvent. Thus the indophenol is po­
larographically reducible in the same
potential region as the nitrosoxylenoI.
Quantitative evaluation is difficult be­
cause both compounds have half-wave
potentials positive to the dissolution
of mercury; both limiting currents are
diffusion-controlled. The indophenols
are difficult to obtain in sufficient
purity for quantitative determination
of the polarographic parameters. Willis
(10) has shown that the corresponding
tetrachloroindophenol when purified to
constant molar absorptivity by alumina
chromatography yields a polarographic
diffusion current constant comparable
to that calculated for the tetramethyl
compound if it is assumed that the
in situ production of the latter is 100%
efficient. The indophenols have been
shown (5) to have 'reversible redox
characteristics in aqueous solution
according to the reaction:

~
~ _CH3

° °- -
CHs CHs

When the reaction is followed by spec­
trophotometric measurement of the
nitroso compound the other products,
3,3',5,5/ - tetramethyldiphenoquinone
(Reaction 1) or 3,3/,5,5',-tetramethyl­
indophenol (Reaction 2b) decrease the
yield of 2a but do not seriously interfere
with the spectrophotometric measure­
ment. Reaction 1 occurs only in weakly
acid solution-e.g., 10% aqueous acetic
acid-while 2b occurs in strongly acid
solutions such as the present 5: 4: 1
H2S04 : H20: HOAc. The solvent used
in the present work was selected such
that reaction 2b occurs only slowly.
Since reaction 2b can occur only after
reaction 2a the apparent yield is de­
pendent upon the time of measurement.
Asai showed that the absorbance at 307
m,u of the 4-nitroso-2,6-xylenol passed
through a maximum 5 minutes after
mixing the reagents. This did not
occur when the reaction yield was
measured polarographically. If a re­
action mixture is prepared and a por­
tion immediately diluted to correspond
to the spectrophotometric method con-

centration in the original sample may
be calculated by the usual methods of
standard addition analysis.

EFFECT OF SIDE REACTIONS. Previ­
ously Hartley and Asai (7) showed that
the principal reaction between nitrite
and 2,6-xylenol to produce the 4-nitroso­
2,6-xylenol is accompanied by either or
both of two side reactions:

CHs

OH9

CHs

ditions, the portion measured polaro­
graphically shows a maximum yield
approximately 2% higher than the

a series of nitrate solutions were pre­
pared in the concentration range of
10-4 to 10-1111 and added to the xylenol
reagent and the acid solution as for
nitrite samples. After 5 minutes' re­
action time the current at -0.15 volt
was measured to give the lower curve
in Figure 3. The data are a~ expected
on the basis of the reaction time­
concentration behavior shown in Figure
2. Two additional series containing
the same concentrations of nitrate at
two levels of added nitrite were ex­
amined in the same fashion. The ex­
pected diffusion current for the nitrite
added was determined from separate
experiments in the absence of nitrate.
The observed currents for the second
and third series were corrected for the
expected currents for (a) the nitrite
present and (b) the current for the
nitrate present. If there were no
secondary effect of nitrate on the reac­
tion with nitrite the latter two corrected
series should have produced a net zero
current. Figure 3 shows that this is
hardly the case. We have investigated
this reaction kinetically (9) and find
that the reaction is complex. Initially
the reaction of nitrite with the xylenol
proceeds as in the absence of nitrate,
although at an enhanced rate, accom­
panied by the formation of the dipheno­
quinone which in turn decomposes to
the diphenol. Kinetically the reaction
obeys the rate law: d(ArNO)/dt =
keNO. -) (NOa-) 3/. until the nitrite
is nearly consumed. Beyond this point
the increase in nitroso compound pro­
ceeds at a slower rate with the appear­
ance of the nitro compound. The
rate of appearance of the latter species is
greater than would be estimated from
the rate of nitration in pure nitrate
solutions. These observations tenta­
tively suggest the formation of a species
of +4 nitrogen oxidation state with an
equilibrium constant for the formation:

HNO. + HNOa = (N20.) + H 20

of less than 100; the formalism written
in the equation does not imply identifica­
tion of the exact species.

Since the reaction of nitrite in the
presence of nitrate does produce such
a large deviation from simple behavior,
the estimation of nitrite in mixed sam­
ples containing more than equimolar
amounts of nitrate is best determined
empirically. An estimate can be ob­
tained by a three-step procedure in­
volving prior determination of the
nitrate, which can readily be done by
the procedure of Hartley and Curran,
followed by measurement of the nitro­
soxylenol diffusion current using the
method described in the Procedure
for the sample alone, and for a sample
to which has been added a known
amount of nitrite. From the three
currents, all measured under constant
reaction conditions, the nitrite con-
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by comparison with other nitroso aro­
matic compounds in similar solvents
(3) and comparison of the diffusion
current constant with that of the cor­
responding nitro compound (vide infra).
Comparison of reactions 2a and 4 with
reactions 2a, 2b, and 3 shows the
reason the polarographic diffusion cur­
rent suffered such a small loss compared
to the spectrophotometric measure­
ment is that the indophenol product
essentially replaces the nitroso com­
pound as depolarizer. Willis (10) has
measured the rate of condensation of
2,6-A-ylenol with the 4-nitroso-2,6­
xyle:uol by photometric means and
found it to be 0.49 liters per mole per
minute. When this value is used in con­
nection with accurate current-time mea­
surements the decrease in diffusion cur­
rent with :time can be accounted for
solely by differences in diffusion coeffi­
cients between the two species.

The diphenoquinone is probably po­
larographically reducible in these sol­
vents :'l,lthough no polan)!~raphic wave

is obtained. Spectral measurements
indicate that the solubility limit of the
compound in these solvents is slightly
less than the minimum detectable
polarographic limit, 10--6111. In ad­
dition, the quinone is unstable in
these acidic solutions and is converted
to the reduced form, the diphenol, at a
rate approximately equal to the rate of
indophenol formation. At the rotating
platinum electrode, the compound yields
a wave with a half-wave potential of
+0.6 volt V8. the Hg/Hg2S04 reference
electrode. This potential is somewhat
lower than that obtainable from po­
tentiometric cell measurements. The
potential of the diphenoquinone-di­
phenol system in 6: 3: 1 solvent at
platinum V8. Hg/Hg2S04 reference elec­
trode is approximately +0.8 volt. The
system at equilibrium favors the di­
phenol by a factor of more than 1000: 1
This large ratio coupled with the solu­
bility limits of the two components
rendered accurate measurement im­
possible (9).
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The Tubular Platinum Electrode
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I = nFJ, or

The volume flow rate may be found
by a simple integration.

(5)

(4)

Vo is the maximum linear (i.e., axial)
velocity of the stream flowing through
the tube.

If C is electroactive and if the applied
potential is in the diffusion controlled
region, the electrolysis current is given
by

where n is the number of electrons in­
volved in the electrode reaction and F
is the Faraday.

For purposes of measurement, it is
convenient to use a volume flow rate,
V f which may be expressed in terms of
Rand Vo. The velocity profile for a
laminar stream flowing through a tube
is of parabolic shape, where the linear
velocity V at any point r from the center
axis of the tube is

THEORY

Levich (5) has given a theoretical
analysis of convective diffusion to the
surface of a tube where the total flux,
J, can be expressed as

J = 2.01 1r CD2I3R2I3X218Vg1l3 (1)

when conditions of laminar flow exist.
Here C is the bulk concentration of sub­
stance diffusing to the surface, D is its
diffusion coefficient, R is the inside
radius of the tube, X is its length, and

trochemical measurements in flowing
streams.

The TPE also has promise as a tool in
hydrodynamic voltammetry. To date,
the best defined methods for performing
voltammetric measurements in hydro­
dynamic systems are based on the rotat­
ing wire electrode (3, 4), the rotating
disk electrode (5), and a conical elec­
trode placed in a flowing stream (2).
Other hydrodynamic electrodes include
a "bypass" electrode (a platinum wire
penetrating to the interior wall of a
4-mm. i.d. tube, with an area of 0.3
sq. mm.) (6), and a "string" electrode (a
rigidly held segment of platinum wire,
0.2 em. long and 0.02 mm. in diameter,
rotated about a center which lies 12 cm.
from the wire and on its axis) (1).

This paper presents the theory and
electrochemical properties of the TPR

~ The tubular platinum electrode
offers considerable promise as an
analytical tool, because it permits
electrochemical measuremenls to be
made on a solution that flows through
it. The construction and properties of
the TPE are described. II' is easy to
fabricate and to use. It is stable, has a
well de'Aned geometry, and gives re­
producible measurements. Solution
holdup is low (2-1 a JL.). Sensitivity
is high, electroactive substances being
detectable at concentrations below
1a-8M. The dependence of current
upon electrode parameters is derived
theoreric:ally and confirmed experi­
mentally.

1 Present address, College of Pharmacy,
Ohio State University, Columbus, Ohio.

2 Visiting the United States as a
U.S.A.1.D. (Technical Mission) partici­
pant, on leave from the Department of
Chemical Engineering and Technology,
Punjab University, India.

I N THE EXPANDING area of continuous
analysis, there is an increasing need

for sen:5ors that will operate continu­
ously in flowing streams. A tubular
platinum electrode (TPE) through
which the solution flows offers low solu­
tion holdup and high sensitivity, and
thus appears suited for continuous elec-
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Figure 3. Dependence of current upon
concentration

Dato from Figure 2

1.006
1.006
1.006
0.506
0.266
0.104

Below 10 Above 10

0.32 0.48
0.34 0.48
0.35 0.47
0.34 0.47
0.32 0.47
0.33 0.47
0.335 0.473

0.020
0.015
0.010
0.010
0.010
0.010

I
II

III
IV
V

VI

K.Fe(CN)e
molarity

lO-s
2 X 10-5

4 X lO-s

5 X lO-s
7 X lO-s

10 X lO-s
Median

-'

electrodes of Table 1. Some!of these
data are shown in Figure 4. In all
cases, the slopes of the log I -log V I plots
atJow flow rates were straight lines with
slopes ranging from 0.32 to 0.40.
A definite correlation between the
smoothness of the bore and the value
of the slope was observed; electrodes
whose inlet tubes were smooth in the
region of the platinum gave slopes
approaching 1/3, while roughly con­
structed electrodes gave higher slopes.

Dependence of Current. upon Con­
centration. The data of Figure 2
are used at three flow rates (2.5, 5,
and 8 m!. per minute) to give the
I VB. C plots shown in Figure 3. Exam­
ination of Figure 3 reveals two favor­
able analytical potentialities of the
TPE. If other parameters are con-

Table II. Slopes of the Log I-Log VI
Plots of Figure 2

(Electrode II, R = 0.015 inch, X = 1.006
inches)

Slope, ml./min.

Table I. Dimensions of Tubular
Platinum Electrodes

Electrode Radius (R), Length (X),
inches inches

Figure 2. Dependence of current upon
flow rate

Electrode II, R = 0.015 inch, X = 1.006 inches

I !--.L---±----'---l....;cJ.---'---.;
I 4 10 40

Vf' ML/MIN

this transition represents a change from
laminar to turbulent flow in the TPE.
For flow rates of 10 ml. per minute,
in Figure 2, Reynolds numbers are
20G-300, far below the critical values
of 200G-7000 that are required for
turbulent flow in smooth tubes. How­
ever, the edges of the TPE may be
quite irregular, and it is known that
turbulence appears at protrusions for
Reynolds numbers as low as 2G-50.
At such low Reynolds numbers, the
turbulence is local, being rapidly
damped out within short distances past
the protrusion, and the flow in the TPE
may still be largely laminar, accom­
panied by small turbulent end effects.

At intermediate Reynolds numbers
(10G-200), the local eddies may break
away from the protrusions, and may
be propagated 'downstream, imparting
turbulence for large distances beyond
the protrusion (5). The Reynolds
numbers at about 10 ml. per minute are
just in this intermediate region, so it
seems probable that the breaks in the
curves of Figure 2 represent a transition
from laminar to turbulent flow. Two
observations are in support of this
hypothesis. When a kinked platinum
wire obstacle was placed close to the
inlet end of the TPE, the break in the
log I-log VI plot came at a lower flow
rate. Electrodes that were not smootWy
constructed showed higher slopes, rang­
ing up to 0.40 instead of the theoretical
1/3.

Much more data similar to that in
Figure 2 was obtained for the other

(R = 0.015 inch, X = 1.006 inches).
Below a flow rate of 10 m!. per minute,
the plots are good straight lines, with
slopes ranging from 0.32 to 0.35 (Table
II). The median slope is 0.335, giving
almost fortuitously good agreement
with the theoretical value of lis, ac­
cording to Equation 6.

At about 10 ml. per minute, a break
appears in the plots, and the slopes in­
crease to 0.47-0.48 above 10 m!.
per minute. It should be noted that
the line segments are definitely straight,
indicating an abrupt transition at about
10 ml. per minute. It is probable that

CURRENT MEASUREMENTS

The oxidation of l{J'e(CN)6 in 1M
KCI was used for all current measure­
ments. A stock solution of 1O-2M
~Fe(CN)6 was prepared by dissolving
reagent grade ~e(CN)6 in deaerated
1M KCl. All other solutions were
made by diluting aliquots of the stock
solution with deaerated 1M KCl. Grav­
ity feed at constant head provided a
constant flow of solution through the
TPE. The outlet of the TPE dipped
into a small beaker to which a saturated
calomel electrode was bridged. The
flow rate, VI> was obtained by meas­
uring the time fOT the overflow of 25
m!. of solution from the beaker. Flow
rate measurements were reproducible
to about 1%. A constant potential
of +0.75 volt VB. SCE, well out on the
diffusion plateau for the oxidation of
Ue(CN)6, was applied to the TPE.
Currents were measured with a Sargent
Model XXI polarograph. All work
was done at room temperature, with
no attempts at temperature control.

Dependence of Current upon Flow
Rate. Figure 2 is a log-log plot of
current VB. flow rate at six different
concentrations of K 4Fe(CN)6 ranging
from 10-,4 to 1O-5M, for electrode II

Figure 1. Tubular platinum electrode

DESIGN AND CONSTRUCTION OF THE TPE

Figure 1 gives the general form of the
TPE. Platinum cylinders were cut
from seamless platinum tubing of vari­
ous diameters (10-mil wall thickness),
the ends being finished squarely and
smoothly. In sealing the electrode into
the soft glass tubing, care was taken
to keep the inside of the assembly
smooth, and not to have bumps or
twists at the glass-to-platinum inter­
faces; but these efforts were not suc­
cessful in all cases. Several electrodes
with the dimensions shown in Table I
were constructed. To lend strength,
the inlet and outlet tubes were bridged
with a 6-mm. glass rod for all electrodes
except the shortest. For the shortest
electrode, the platinum tube was com­
pletely embedded in the glass, elec­
trical contact being made by a plati­
num leadout wire wrapped around the
electrode before sealing.

Equations 2 and 5 yield I as a function
of VI:

I = 5.24 X lOs nCD2/3X2/3V/1/3 (6)

Experimental verification of the cur­
rent dependence upon the parameters
expressed in Equation 6 is given in the
following paragraphs.

PLATINUM

('

CYLINDER

-----> C-------,

~~======:::::;5=-=C~~<::::==:::J
'-..J INLET OUTLET

TUBE, 10/2 TUBE,
BALL JOINT 6mrn. 1.0.
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CONCLUSIONS

when the solution is switched from blank
to ferricyanide and back to blank again.
The residual current was 0.012 p.a,
too large to balance out with the re­
corder zero adjustment, so a bucking
voltage was applied to the recorder to
bring the blank solution response onto
the chart.

The stability of the steady-state cur­
rents is such that concentrations well
below 1O-8M KsFe(CN)6 should be
easily detectable.

It was not possible to dilute ~­

Fe(CN)6 solutions. Attempts to do so
led to loss of the ferrocyanide at dilu­
tions at about 1O-6M, probably owing
to air oxidation. The KCl-Na2HP04
buffer solution was chosen as a support­
ing electrolyte because of prior ex­
perience with the stability of KsFe(CN)s
in this medium.

Figure 7. Response of TPE to 5] X
10-8M KaFe(CN)6

G CB A

-'

o
~

'"ooo

Figure 6. Nondependence of current
upon electrode radius

Electrodes I, II, III

A principal advantage that accrues to
the use of the TPE in a flowing solution
is high sensitivity, since transport of

FED

A. Steady-state current with blank solution
B. 5 X 10 -8M ferricyanide introduced
C. 5 X 10-8M ferricyande reaches electrode
D. Steady-state current with 5 X 10 -aM ferri-

cyanide
E. Blank solution introduced
F. Blank solution reaches electrode
G. Steady-state current with blank solution
TPE, 0.040-inch i.d., and )/2 inch long; residual
current, 0.012 p.a.; flow rate, 8.4 ml./min.

not be expected to be as good as the
precision with which the exponent of
VI is determined (Figure 2), where all
data were taken for a single electrode.

Dependence of Current upon Ra­
dius. Figure 6 is an [ VB. C plot for
electrodes I, II, and III, of radii O.OlD,
0.015, and 0.020 inch, respectively. It
may be seen that data for all three
electrodes fall upon the same straight
line, showing that [ is independent of the
electrode radius, in accord with Equation
6.

Calculation of D. According to
Equation 6 the slope of an [ VB. C
plot permits a calculation of D.
The three plots in Figure 3 give 0.75,
0.73, and 0.75 X lD-5 sq. cm. per
second for flow rates of 2.5, 5, and 8
mI. per minute. The plot of Figure
6 gives 0.70 X 10-5 sq. cm. per second,
which may be regarded as an average
of the data from three I-inch electrodes
of different radii. These values are
very consistent, indicating that D is
independent of flow rate. The median
value of 0.73 X 10-5 sq. cm. per second
is in good agreement with von Stackel­
berg's value of 0.63 X 10-5 sq. cm.
per second (7), indicating that the
conditions under which Equation 6
holds may be approached fairly closely
with good electrodes.

It would be expected that values of
D calculated from TPE data would be
high; any turbulence would bring elec­
troactive material to the electrode
faster than accounted for by Equation
6, resulting in higher currents and higher
apparent values of D. Actually, D-val­
ues can also be calculated from data
other than that in Figures 3 and 6.
Values of D calculated from Figure 5
fall at about 0.9 X 10-5 sq. cm. per sec­
ond, which is in line with the greater
turbulence that is suspected to occur in
the shorter electrodes used to obtain the
data of Figure 5.

Proof of High Sensitivity. The
high sensitivity of the TPE was shown
by preparing a "blank solution"
containing O.lOM KCl and O.lOM
Na2HP04, neutralized to pH 7.5 with
NaH2P04• A portion of the blank solu­
tion was then made lO-sM in KsFe­
(CN)6. Two 100-fold dilutions and a
twofold dilution of the lO-sM Ks­
Fe(CN)6with the blank solution gave a
ferricyanide solution that had the
same composition as the blank, but in
addition contained nominally 5 X
lO-BM KsFe(CN)6.

The blank was pumped with a peris­
taltic pump (Model 500-1200, Harvard
Apparatus Co., Dover, Mass.) through
the TPE (0.040-inch i.d., and 1/2 inch
long) from a two-way stopcock that
permitted alternation between the blank
and the 5 X 10 -8M ferricyanide.

A potential of 80 mv. was applied
across the TPE (cathodic) and a sat­
urated calomel electrode. The current
through the TPE passed through a
1O,000-ohm resistor, and the voltage
drop was measured with a microvoltam­
meter (Model 425A, Hewlett-Packard
Co., Palo Alto, Calif.) and recorded
(Model G-lO, Varian Associates, Palo
Alto, Calif.).

Figure 7 is a record of the response

-
-

C=IXIO-,l M
R=O.OIO"

I \--__....L..__~-JIL....JI',_;;I0----"---I____:~
.I .4 1.0 4.0

X, INCHES

Figure 4. Dependence of current upon
electrode length

Electrodes III, IV, V, VI

I
1f--L--~....l-J...~,----..1--4-o-!O

40,------,---,---,�-.1,.,-1---,----,

C=ll(i0-4 M
R 0,010"

trolled, the relationship between [ and
C is linear and reproducible, which
means that .l may be med as a very
convenient measure of C. According
to Figure 3, a lO-sM ~Fe(CN)6

solution gives a current of 1 to 2 p.a.,
at moderate flow rates" This current
does not show the fluctuations that a
dropping mercury electrode or a rotat­
ing platinum electrode does. Fluc­
tuations in the TPE current appeared
to be much less than 1%, which means
that concentrations below 10-7M should
be detectable (vide infra)"

It is of interest that [ depends linearly
upon C also in the region of high flow
rates, above 10 ml. per minute.

Dependence of Current upon
Length. Figure 4 is a series of log [­
log V I plots.similar to those of Figure 2,
but for a set of electrodes of differing
lengths. Data were taken from Figure
4 at two flow rates (2.5 and 5 mI. per
minute) and plotted on a log-log basis in
Figure 5 to show the effect on current.of
length of the electrode.

The log [-log X plots of Figure 5 are
straight lines with slopes of 0.61,
in reasonably good agreement with the
theoretical value of 2/S, according to
Equation 6. Since the exponent of
X must be obtained from data from
different electrodes, the precision can-

Figure 5. Dependence of current upon
electrode length
Data from Figure 4
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electroactive material to the electrode
is aided greatly by convection. A
typical TPE can detect concentrations
of electroactive substances below lO-sM
in streams of moderate velocity. Other
advantages are simplicity of construc­
tion and reproducibility of measure­
ments, under turbulent as well as
laminar flow conditions. For continu­
ous analysis in flowing streams, the low
holdup volume (2-10 ILL) may prove to
be a great advantage.

At applied potentials well out into the
diffusion limiting region, experimental
currents obtained with the TPE are in

agreement with theory. No measure­
ments have been made in the potential
limiting region, where the dependence
of current upon electrode parameters is
not yet clear.
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Polarography in Fused Alkali Metaphosphates

ROY D. CATON! and HARRY FREUND

Department of Chemistry, Oregon State University, Corvallis, Ore.

t> Polarograms were obtained with a
cell consisting of a platinum micro­
electrode inserted in a melt contained
in a platinum crucible. No reference
electrode was employed; the plat­
inum crucible served as a massive and
nonpolarizable anode. Electrolyses
were carried out in fused NaPOa at
750 0 c., or LiPOs-NaPOs at 730 0 C.
in which a potential span of 0.95
volt was available between the solvent
decomposition processes. Twenty ox­
ides and compounds were studied.
UaOs, CuO, FeO, Fe20s, and V20S
gave redox waves. Silver was the
only species that could be reduced to
the metal. These data are interpreted
with respect to probable electrode
reactions.

F USED alkali metaphosphates are
well known for their ability to

dissolve metal oxides; moreover, they
have been used from time to time to
"open up" complex minerals to make
them water-soluble. The sodium meta­
phosphate bead test has been used for
some time as a means of qualitative
analysis in determinative mineralogy,
since the fused salt enters into chemical
combination with many metal oxides to
give characteristic colors (14). Little
is known concerning the nature of the
species present when metal oxides are
dissolved in such solvents, although
some work is now being done' by Soviet
electrochemists. Andreeva (1) deter­
mined the decomposition potentials of a
series of metal oxides dissolved in fused
sodium metaphosphate and fused

1 Present address, Department of Chem­
istry, University of New Mexico, Albu­
querque, N. M.

sodium pyrophosphate at 10000 C., and
Delimarskil and Andreeva (3, 4) used
sodium metaphosphate as a solvent in
studies of galvanic concentration cells.
Delimarski! and Kaptsova (5) con­
ducted a polarographic study of solu­
tions of titanium dioxide in molten
sodium metaphosphate and found that a
two-step reduction wave was obtained.
The two steps were ascribed to reduc­
tion of titanium(IV) to titanium(III)
and thence to the metal. Most work on
decomposition potentials involved
relatively concentrated solutions of the
oxides, however, and no discussion or
evidence of the formation of inter­
mediate oxidation states was given by
the authors. Preliminary experiments
in this laboratory indicated that inter­
mediate oxidation states did exist, and
that the electrode reactions of metallic
ions in more dilute solutions did not
necessarily involve simple deposition of
the metal.

The chemistry of alkali metaphos­
phates is complicated by the fact that
the . compounds are polymerized in
varying degrees (8). The molecular
formulas of most of the metal meta­
phosphates have not been determined;
therefore, only empirical formulas are
used throughout the discussion in this
section. The metal oxide, when dis­
solved in a metaphosphate melt, prob­
ably undergoes one of the following
types of reactions:

M20 + NaPO.-. NaM2PO, (1)

MO + NaPO. -. NaMPO, (2)

M20. + 3 NaPO. -.
2 MPO, + Na3PO, (3)

MOl + 6 NaPO. -.
2 NaaPO, + M(P03), (4)

Other equations could be written for
oxides having different formulas. The
reactions are oversimplified, since
various complex ions are probably
formed. Van Wazer provides ample
evidence for the complexity of phos­
phate systems (15). Many reactions
are acid-base in nature, as exemplified
by the reaction of sulfates in the melt:

MSO, + NaP03 -.

NaMPO, + SO. (5)

The techniques of polarography in
molten salts have been amply describ~d

and reviewed by several workers (7, 10,
12) and are not discussed here unless
deviations from established practices
were made. .

The objective of the present study is
an evaluation of the use of fused alkali
metaphosphates as a solvent in which to
conduct electrochemical studies. The
polarographic work was undertaken to
lay the groundwork for future e.mJ.
studies and possible coulometric deter­
mination of metals dissolved in ·the
melt.

EXPERIMENTAL

Microelectrodes. Platinum micro­
electrodes used to obtain the polaro­
grams were constructed by sealing
30-gauge wire in Supremax glass
tubing. This tubing is manufactured
by the Jenaer Glaswerk Schott of
Mainz, West Germany, and was ob­
tained from the Fish-Schurman Corp.,
New Rochelle, N. Y. It appears to
be nearly identical to Corning No.
1720 glass, an aluminosilicate glass
used for ignition tubing. Good seals
between the glass and the platinum
wire were obtained, probably because
of the small diameter of the wire used.
Two types of electrodes were used, one
consisting of a small tip of straight
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Applied Potential, volts

Figure 1. Analysis of polarograms for uranium(VI) in fused alkcili
meta phosphates

RESULTS AND DISCUSSION

Limiting Electrode Processes of
Melt. The two melts had a potential
span of 0.95 ± 0.01 volt between the
solvent decomposition proceS:les.
When the melts were electrolyzed with
two platinum electrodes, the electrode
reaction at the anode appeared to be

2 P03 - <=% 1/2 O2 + P20 S + 2e- (6)

Continuous evolution of gas occurred at
current densities above 5 rna. per sq.
em. Identical results were obtained
with graphite anodes. The cathodic
process was complicated and appeared
to involve the reaction

4 P03 - + 5 e- <=% P + 3 Po.-a (7)

Reactions yielding products such as
phosphite and phosphide ions could

Weighed amounts of the metal oxides
or salts were added to weighed amounts
of solid solvent and the mixtures fused
in a platinum crucible until all the oxide
or salt had dissolved. The crucible,
with its contents, was then pL;,ced in
the Vycor container and polarograms
were taken at a microelectrode. A
weight dilution method was used in
some of the work. A prepared solution
was poured out onto a polished stainless
steel slab in the form of beads which
were then weighed and added 1;0 the
pure solvent as needed.

The microelectrodes were imerted
until the glass tip just touched the
surface of the melt. At the high tem­
peratures employed some conducti.on of
the glass itself was observed, but such
errors were minimized by not inserting
the glass into the bulk of the melt.
H too rapid scanning rates were u~ed
peaks were observed for the reductIOn
of metal ions in the melt; c,)nse~

quently, slow scan rates were employed.
Scan rates of 50 mv. per minute were
used during most of the work. Some of
the work was done in an atmosphe:~e of
air, but an inert atmosphere of a:~gon

was employed whenever easily oxidized
species were being determined.

:=5'
I
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PROCEDURE

fusing the reagent grade alkali di­
hydrogen phosphates in platinum
dishes and heating at 9500 C. for 4
hours.

Lithium metaphosphate was prepared
by adding the stoichiometric amount
of phosphoric acid to lithium car­
bonate, evaporating to dryness, and
fusing in a platinum dish at a tem­
perature of 9500 C.

Anhydrous silver metaphosphate was
prepared by precipitating the salt from
a solution of lithium metaphosphate,
filtering, washing, and fusing in a plat-
inum dish at 9500 C. .

All metal oxides and salts added to
the phosphate melts were of reagent
grade quality.

Argon was passed through copper
wire and titanium sponge heated at
6000 C. to remove any oxygen present.
The gas was then dried by passing
through columns of magnesium per­
chlorate.

Purification of Solvents. Basic im­
purities were removed by adding a few
drops of phosphoric acid and igniting
the melts at temperatures high enough
to drive off water and phosphorus
pentoxide. The LiP03-KP03 eutectic
(64 mole %-36 mole %), having a
melting point of 5180 C. (2), was used
for a solvent in some of the work.
The mixture was prepared by melting
the required portions in a platinum
dish, igniting at 9500 C. for a few
hours, and pouring out onto a polished
nickel slab to solidify. The product
was then crushed and stored in screw­
capped bottles.

Sodium and lithium metaphosphates
form glasses when melted, and if cooled
rapidly they do not crystallize; hence
the melts are viscous, even at tempera­
tures several hundred degrees above
their so-called melting points.

Initial work was done using sodium
metaphosphate at 7500 C., but the
LiP03-KPOa eutectic described previ­
ously was used at 7300 C. during most of
the work.

wire protruding from the glass, and the
other a small bead of platinum on the
end of a 2-mm. length exposed portion
of wire. Electrode areas were measured
with the 113e of a microscope and cali­
brated micrometer eyepiece.

Cell. The polarographic cell con­
sisted of It platinum microelectrode
inserted into the melt which was con­
tained in a platinum crucible. No
reference electrode was employed;
the platinum crucible served as a
massive and nonpolarizable anode (6),
connection to the outside of the cell
being made with a piece of 18-gauge
platinum wire. The crucible was placed
in the bottom of a Vycor container
measuring 6~7 X 260 mm. and was held
in place with a ring of ceramic wool.
The Vycor container extended about 3
inches above the furnace and terminated
with a flat-ground flange. The cover
was a borosilicate glass head with three
standard-taper joints through which a
thermocouple, microelectrode, and plat­
inum lead were placed. One of the
joints was fitted with a gas inlet tube,
through which an argon flow was main­
tained to provide an inert atmosphere
in the cell. Since all experiments were
conducted at, temperatures in excess of
7000 C. it was necessary to cool the
upper portion and cover of the con­
tainer with two jets of compressed air.
Kel-F No. 90 lubricant was used in all
glass-ground joints.

Furnaces and Temperature Control.
A multiple-unit electrical furnace, 660
watts, manufactured by the Electrical
Heating Apparatus Co., was used
for all the wc·rk, with the exception
of the melt purification. The furnace
was modified by installing an auxiliary
heating coil in the bottom of the cav­
ity. This coil accounted for 10%
of the total heating capacity and was
regulated by the temperature controller.
Voltage to the main coils was adjusted
with a variable transformer such that
the furnace operated about 100 C.
below the desired temperature. The
auxiliary coil was operated through
another variable transformer which was
connected to the controller. This
arrangement allowed the temperature to
be controlled to within ±1° C. A
stainless steel beaker was placed in the
cavity to protect the heating cell in
the event the oell broke. The beaker
was grounded to ::I, water pipe to remove
the possibility of any induced voltages
being formed within the cell by the
furnace coils. Temperature control was
provided by a Minneapolis Honeywell
potentiometer pj'Tometer, Model No.
156CI6PS-21, from which the tem­
perature could be read directly. A
Chromel-Alumel thermocouple was used
as the sensing element for the con­
troller as well as for measuring the tem­
perature.

Miscellaneous ~&quipment. Polaro­
grams were recorded using a Sargent
Model 21 polarograph. Scan rates
of 50 to 75 mv. per minute were em­
ployed. Applied potentials were mon­
itored occasionally with a Gray Model
E-3042 potentiometer.

Reagents. Potassium and sodium
metaphosphates were prepared by
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Table I. Relationship between Limiting
Current and Concentration of

Uranium(VI)

Concn., C, id
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NaPO. for residual) idle
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also shown in the figure, gave least
squares slopes of 0.110 and 0.087 in
sodium metaphosphate and the LiPO:r
KP0 3 eutectic, respectively, compared
to theoretical slopes of 0.102 and 0.0995
for a 2-electron electrode reaction.
The reduction appeared to be

The limiting current was proportional
to concentration. Table I shows the
relationship of diffusion current as a
function of concentration, using a
microelectrode of 3.0 sq. mm. area.
The reproducibility of the data is better
than that usually obtained in fused
salts; however, the high viscosity of
the melt undoubtedly minimizes the
usual large errors due to convection.

Copper. Cupric oxide produced re­
duction waves in both melts. Ad­
dition of cuprous oxide or cuprous
chloride caused an anodic wave to
appear as shown in Figure 2. The

plots of applied potential V8. log~.
~M

had least squares slopes of 0.198 and
0.182 in the sodium metaphosphate and
eutectic melts, respectively, compared
to theoretical values of 0.203 and 0.199
for a I-electron reduction process. No
deposition of copper metal was ob­
served at the highest concentration

Both curves: 22 mg Fe /q LiP03- KPO,3

I. NaP03 solvent, t.750·

2. Li P03- KP03 SOlvent, t. 730 0

-1.0

-0.4

-0.8

Figure 3.

so

25

-so

The assumption that the platinum
crucible served as a nonpolarizable
electrode was justified by the fact that
its surface area was at least 1000 times
that of the microelectrode:

Uranium. Weighed portions of
U30 S were added to both metaphosphate
melts and produced a well defined wave
which was partially anodic in character.
The solidified solution was emerald
green, indicating the presence of
uranium(IV), but the characteristic
yellow-green color of the uranyl species
was produced when the melts were
heated in the open air and then solidified.
The solid exhibited the typicalfluores­
cence of uranyl salts when exposed to
ultraviolet light. In another experiment
addition of uranyl nitrate to the meta­
phosphate melts produced reduction
waves which were completely cathodic.
The nitrate appeared to decompose
immediately upon addition. Typical
curves are shown in Figure 1. The
half-wave potential is -0.3 volt.

Plots of applied potential V8. log J-.
~M

-0.4 -0.6
Applied Potential, volls

-0.2

Analysis of polarograms for copper in fused alkali metaphosphatesFigure 2.

occur, but the only one observed was
the evolution of phosphorus, which
ignited spontaneously in the air. The
white fumes obtained during the burn­
ing of the gas bubbles evolved at the
cathode were collected, dissolved in
water, and gave a positive test for
phosphoric acid. DelimarskiI and Kapt­
sova stated that the cathodic reaction
was the deposition of alkali metal, but
this was not observed, even at current
densities as high as 250 rna. per sq. em.
Zinc metal reacted with the melts to
produce phosphorus and a solution of
the zinc salt. Other active metals
exhibited the same behavior, including
aluminum, iron, and nickel. Platinum
cathodes were severely attacked when
phosphorus was evolved, but no dis­
coloration or corrosion was noted during
the polarographic work. This could be
due to the formation of other products
at lower current densities.

In the following discussions the re­
ported half-wave potentials of redox
systems were taken from the cathodic
current-voltage curves obtained in solu­
tions containing the metal in its highest
oxidation state only. When securing
anodic or anodic-cathodic curves, the
voltage scan was started at an initial
potential sufficiently positive to obtain
the anodic decomposition of the solvent
at the microelectrode. This was neces­
sary since the current-voltage curve,
starting at zero volts applied between
two platinum electrodes, will originate
on the wave itself when both species of
a reversible redox couple are present.
Thus, for the anodic and composite
curves shown in Figures 2; 3, and 4, the
point at which the solvent anodic curve
originated was taken as an arbitrary
"zero applied volts" in order to make
the curves and their half-wave potentials
directly comparable to those obtained in
other solutions. This procedure pro­
vided reproducible results in the ab­
sence of a true reference electrode.
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2 Ag+ + 803 - 2 + 6 e- P

Ag~ + 3 0-2 (9)

LiPO...KPOa solvent to give the dep­
osition curves shown in Figure 5.
No analysis of the waves could be
made, since the upper portion of the
curves became obscured by the cath­
odic decomposition of the solvent.
The stability of the silver metal in the
melt indicates that a silver-silver
metaphosphate reference electrode could
be used for future studies in this melt.

Sulfur(VI). Two waves were pro­
duced when sodium sulfate was added
to the melts. The first wave appeared
to be the reduction of sulfate ion to
sulfite ion, and the second the re­
duction of sulfite to sulfur or sulfide
ion. Liu (11) showed that the electrolysis
of sulfate melts produced sulfide ion
instead of sulfur, but the poor repro­
ducibility of the second wave in the
metaphosphate solvents frustrated any
attempts to deduce the nature of the
product formed. A few milligrams of
silver sulfate were added to another
portion of the melt, and polarograms of
the kind shown in Figure 6 were re­
corded. The second wave was well de­
fined and was accompanied by the de­
position of a black compound which was
soluble only in hot, concentrated nitric
acid. Analysis of the waves by means

. i
of a plot of E v8.log .,.-. for the first wave

~d~ .

and a plot of E V8. log (id - i) for the
second wave gave least squares slopes of
0.094 and -0.0328, respectively. The
theoretical slopes should be 0.102 and
-0.0338 for a 2- and ~electron process,
respectively. The deposit, which was
apparently silver sulfide, could be
stripped off anodically by reversing the
voltage scan at approximately - 0.8 volt.

The stripping curve, shown by the
dotted line in Figure 5, indicates that
the electrode process taking place here
is reversible. Two possible reactions
yielding silver sulfide are

~o

0.5

-05

-1.0
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2. 4.6 mg Agl
3. 8.6 mg Ag
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0t---- ----''--L-L-L_...L/
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reaction. The half wave potential was
-0.46 volt.

When vanadium(V) oxide was added
to the melt it went into solution, ac­
companied by the evolution of gas.
A portion of the oxide decomposed· to
give vanadium(IV). This was con­
firmed by allowing the melt to solidify,
dissolving a portion in water, and
testing for the presence of reduced
species. The yellow-orange glass dis­
solved to form green solutions which
contained both vanadyl and vanadate
species. Solutions of the reduced melt
were cooled, dissolved in water, and
found to contain only vanadium(IV).
It must be assumed that a small amount
of vanadium(III) must have oxidized
during solution of the glass in water.
Thus the initial wave should be due to
the vanadium(V)-(IV) system while
the second wave, at half-wave potential
-0.46 volt, is due to the vanadium(IV)­
(III) system.

Silver. Weighed portions of silver
metaphosphate were added to the

Figure 5. Current­
voltage curves for d

silver in fused ~

liP03-KP03 eutectic .~
:; 50
u

Electrode area: 0.7 mm2

I. 10mg V20s/g LiP03-KP03
2 Some, after reducllon

Applied Potential, valls

Analysis of polCirograms for vanadium in fused alkali metaphosphates

e

Figure 4.

level, 2% copper by weight. The
half-wave potential is abouL -0.4 volt.
The heights of the waves appeared to be
proportional to concentration.

Iron. Both ferric and ferrous
oxides produced waves in the two
melts. The waves for ferrous oxide
were anodic when care was taken to
exclude oxidation in the air. When
air was admitted into the cell the
waves slowly shifted upward until
they were identical to ones produced
by ferric oxide. Typical polarograms
and the analyses of the waves are
shown. in Figure 3. The least squares
slopes of the plots were 0.179 and 0.216
for waves in sodium metaphosphate and
the LiPO...KP03 solvent, respectively,
implying a l-electron elec;;rode reaction.
The half-wave potential i:3 about -0.37
volt.

Vanadium. Vanadium(V) oxide
was dissolved in a metaphosphate
melt by heating in an e!.ectric furnace
under an atmosphere of air. Curve 1
of Figure 4 shows a polarogram ob­
tained with this solution. The initial
anodic wave was largely obscured by
the anodic dissolution. of the solvent.
However, a well defined cathodic wave
was observed. On cooling, a yellow
glass was formed. When this ex­
periment was repeated, using a Meker
burner to heat the melt, a green glass
was formed on cooling. The polarogram
is shown by curve 2 of Figure 4. Ap­
parently the gases from the burner were
able to reduce the vanadium in the melt
to a lower valence state. The addition
of a small piece of ziw} to the original
oxidized melt caused a shift of the
polarogram from type 1 to 2. The
anodic dissolution of the solvent ob­
scured the first wave and made an
analysis impossible. The second wave
showed a least squares slope of 0.193,
corresponding to a I-electron electrode
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Figure 6. Analysis of polarograms of silver sulfate in fused NaP03

2 Ag+ + 80.-2 + 8e- P

Ag28 + 40-2 (10)

Johnson and Laitinen (9) have shown
that current-voltage curves of some
metal ions in sulfate melts represent the
process shown in Equation 10. This
process occurs only for those metals
which will reduce the sulfate solvent to
insoluble sulfides, however. Since silver
metal does not reduce sulfate, it appears
that silver sulfide will not be formed on
an electrode surface until silver metal is
first deposited, and sulfide ion is pro­
duced at the electrode surface. The
shape of the current-voltage curves
obtained in the metaphosphate solvent
and the slope of -0.0328 obtained by
the plot of E vS. log (id - i) indicate that
the second reduction wave is represented
by Reaction 9.

Other Metals Studied. Chromium
(VI) oxide and potassium chromate
reacted vigorously with the melt,
with evolution of oxygen to give melts
which contained chromium(Ill). No
reduction waves or cathodic currents
were observed.

Manganese dioxide reacted vigorously
with evolution of oxygen to give dirty­
violet solutions which became clear­
violet upon cooling. The solid was
amethyst colored. No reduction waves
were observed, but a steady cathodic
current, proportional to the manganese
concentration, was assumed to be due to
the oxidation of Pt by Mn(Hl).

Manganese(II) sulfate gave violet
solutions when the melt was heated in
the air, but the melt became colorless in
the reducing flame. The violet solutions
appeared to be manganese(III). Red­
violet manganese(IIl) complexes formed
in concentrated phosphoric acid have
been reported (13).

Zinc oxide, lead oxide, nickel oxide,
cobalt chloride, zirconium dioxide, nio­
bium pentoxide, and sodium tungstate
did not produce noticeable waves or
cathodic currents. Not all metals were
studied, but it appears that most of
them are not deposited as the metal be­
cause of their activity in the melt.
Undoubtedly many metals could be
plated out when present at sufficiently
high concentrations, since the de­
composition potential of a metal will be
shifted to more positive values as the
concentration is increased. Copper
metal did not react with the solvents,
but no deposition of the metal was noted
except at relatively high concentration
levels. It appears that species forming
redox couples are the only ones which
provide diffusion-limited current­
voltage curves at relatively low con­
centrations in the metaphosphate melts.
The difficulty in obtaining similar waves
for the metals may well be caused by a
highly stable complex formation which
shifts the decomposition potentials of
t.h~ metals in the negative direction. A

o -1.0

-1.0

2.0 1.0

LiPO,·KP03,

730° C.
0.0995
0.199
0.199
0.199
0.0995

-0.8
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NaPOa,
750° C.
0.102
0.203
0.203

-0,6-0.4
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0.087
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0.216
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0.090
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0.198
0.179
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Table III. Summary of Polarographic Studies of Metallic Ions and Sulfate in
Molten NaP03 and LiP03-KP03 Eutectic at 750 0 and 730 0 C.

Table II. Least Squares Slopes Measured from Plots of Log -._i_. vs. Applied
la -,

Potential for Polarograms of Metallic Ions and Sulfate in Fused Alkali
Metaphosphates

Observed

U(VI)
Cu(II)
Fe(IlI)
V(IV)
80,-2 0.094
80a- 2 -0.033a

a From plot of log (id - i) vs. E.

Number
of

electrons Color
Compound Nature in of melt

added to of electrode El/ 2, when
melta wave(s) reaction volt colda Remarksa

UaOs Anodic-cathodic 2 -0.30 gr.
U02(NOa)2'6H2O Cathodic 2 -0.30 y.-gr. Fluorescent under

(d.) UV
CuO Cathodic 1 -0.4 blue
Cu20, CuCI Anodic 1 pale gr.
Fe20a Cathodic 1 -0.37 y.
FeO Anodic 1 c.
V20 S (d.) (1) Cathodic 1 -0.42 y.-or. Color green after

(2) Cathodic 1 reduction. V20 S

d. o~ partially

Cathodic
to V( V)

AgPOa 1 c. Ag metal deposits
Mn02 (d.) Continuous v. Mn(IlI) formed

cathodic
current

Na280, (1) Cathodic 2 -0.45 c.
(2) Cathodic 6 -0.61

CrOs (d.) None gr. Cr(IlI) formed
K2CrO, (d.)
Ti02 High residual c.

current only
CoCh None red
NiO None y.
PbO None c.
Nb20 s None c.
Zr02 None who Oxide appears in-

soluble
Na2WO. None c.

a d. -decomposes.; gr. -green; y. -yellow; c. -colorless; or. -orange; v. -violet.
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survey of the properties of silver com­
pounds shows that most silver salts de­
compose before melting, but silver meta­
phosphate solutions in sodium meta­
phosphate were stable up to, if not
above, 9500 C. This is probably another
example of increased stability due to
complex formation. Therefore, the ex­
istence of current-voltage waves for
redox couples may be due to the fact
that the oxidized and reduced species are
both complexed to nearly the same
degree.

CONCLUSIONS

Polarographic studies of several metal
oxides and sulfate ion in fused alkali
metaphosphates demonstrated the for­
mation of several stable species which
exhibited diffusion-controlled current­
voltage curves. The wave heights of
the uranium(VI) reduction wave were
proportional to the concentration of
uranium, thus demonstrating the
analytical utility of polarography for the
determination of the metal in the melts.

The other metallic ions studied gave
diffusion currents proportional to con­
centration, but the relationship was
only observed qualitatively. The re­
sults obtained from the analyses of the
polarograms are summarized in Table II
and a summary of all observations is
given in Table III.
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Polarography of Lanthanum(III), Praseodymium(III),
and Ytterbium(1I1) in Anhydrous Ethylenediamine
LARRY C. HALL and DAVID A. FLANIGAN!

Department of Chemistry, Vanderbilt University, Nashville, Tenn.

~Anhydrous conditions are necessary
to avoid compliCllted rare earth
polarography. Problems of aqueous
systems are reviewed. Anhydrous
Yb(lll), La(lll), anel Pr(III) acetates in
anhydrous ethylene,diamine gave a
double irreversible wave for Yb
(-- 0.4 11, - 0.747 volt) and single
irreversible waves for La and Pr
(-0.565, 0.571 volt). A zinc refer­
ence and tetrabl!Jtylammonium per­
chlorate electrolyte were used. Cou­
lometry established' 1- and 2-electron
steps for Yb and 3 e,lectrons for La and
Pro Metal amalgams were shown by
chemical tests. Yb(ll) gave no anodic
waves, since a transfer rate of 1.15 X
'/0-9 em. sec. -1 at 0.0 volt caused
(modic overvoltages beyond Hg.

T HE aqueous polarography of the
rare earths has been characterized

by three types of behavior. The first
ease, Ce(IV)-Ce(III), has been studied
extensivelY and there is no doubt about
the validity of the redox behavior
(5, 13). The second group includes
those ions reduced to the divalent
8tate followed by reduction to the
metallic state-i.e., Eu(III), Yb(III) ,
and Sm(III) (9, 11,13,22,26,41,42).
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The remaining elements are reported
to reduce to the metallic state in a
3-electron process (10, 13).

While the I-electron reduction of
Eu(III), Yb(III), and Sm(III) is a
valid change, contradictions, lack of
information, and recent studies cast
doubt upon reduction of the rare
earths to the metallic state. Several
phenomena produce complicating fea­
tures. The rare earths are very acidic
and react with water to produce free
hydronium ions and hydroxy or oxy
species whose composition is variant
and as yet uncharacterized. The fact
that hydronium ion reduction (-1.5
volts V8. SCE) follows the first waves of
Eu(III) and Yb(III) and precedes the
reduction of Sm(III), Sm(II) , Eu(II),
Yb(II), and the remaining rare earth
(III) elements has led some workers to
postulate species such as La(II) (31,
45). The composition of hydroxy rare
earth species varies with pH of solu­
tions and concentration of the rare
earths. As a result, reliable correlations
between diffusion current and con­
centration can be obtained only with
rigidly defined solution conditions.
Therefore, reproducible polarographic
analyses of the rare earths [other than

Eu(III) , Yb(III), and Sm(III) 1 are
difficult to obtain from laboratory to
laboratory. Finally, Yb(II) and
Sm(II) are capable of being oxidized
by hydronium ions, making their
polarography potentially unreliable.

Recent studies have indicated that a
substance such as La(III) may never
really reduce to the amalgam in water.
Treindl (40) used classical, pulse, and
oscillographic polarography in a study
of lanthanum chloride in aqueom,
lithium chloride. He concluded that,
the lanthanum wave corresponded te·
the reduction of hydrogen via inter·,
mediates such as LaHs and LaHCb.
Onstott (27, 28, 29) has reported that.
differential rates of gross electrolysi8
of rare earths in methanol are due to
differences in intermediate hydride
species. However, metal amalgams do
form in ethanol. Liu, Budov, ane!
Zhdanov (15) reported a current ef­
ficiency of only 0.1% for preparation of
lanthanum amalgams at -2.1 volts.
Misumi and Ide (21) concluded that
Yb(III) waves in unbuffed media are
due to hydrogen evolution. Gorokh-

1 Present address, Thiokol Chemical
Corp., Huntsville, Ala.
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trodes in ethylenediamine (En). Drop
times and rate of flow of mercury were
determined for each rare earth studied,
since exposure of an electrode at the
negative potentials encountered dam­
aged the tip after 15 to 20 polarograms,
causing streaming of mercury.

The polarographic cell top in Figure 1
was constructed so that En could be
distilled into the assembled cell through
A, which also guided the DME. Pre­
purified grade nitrogen was introduced
through B. The bubbling tube was
adjusted vertically by means of a rubber
tube slip joint. The reference electrode
was contained in C, solution contact
being provided through a fine, 10-mm.
frit. The bottom of C was enlarged to
25 mm. to provide a large electrode area.
The use of a simple, nonisolated, mer­
cury pool reference electrode proved
unsuccessful in this solvent (2). Pro­
vision was made for a bubbling tube, D,
or a platinum electrical contact, E, to be
inserted through C-2. The arms, C-l
and C-3, were used to pass nitrogen over
the reference solution and to keep the
solvent level in the reference compart­
ment at any desired level. The cell
bottom (not shown) was long enough to
hold 100 ml. of solution. Resistances
were measured with a Serfass conduc­
tivity bridge, Model ROM15Bl (Arthur
H. Thomas Co.). Accurate potential
measurements were made with a Leeds
and Northrup 7655 potentiometer. All
studies were made at 30° ± 0.02° C. in a
water bath. Half-wave potentials were
calculated on an IBM 650 computer
using a program of McMasters and
Schaap (16).

Solutions and Chemicals. Anhy­
drous En was prepared by refluxing 98%
Eastman Organic material over molten
sodium for 4 hours under nitrogen,
followed by three distillations over

sodium and under nitrogen. The third
distillate (specific conductance of 1 X
10-6 to 2 X 10-7 mho em. -2) was re­
fluxed over molten sodium until needed.
Then, En was distilled directly into the
cell under nitrogen. Such a solvent had
an average specific conductance of
5 X 10-7 mho cm.-2

The supporting electrolyte was anhy­
drous tetrabutylammonium perchlorate
(TBAP) (12) and was prepared by
neutralizing 50 ml. of 1.0M tetrabutyl­
ammonium hydroxide (Southwestern
Analytical Chemicals) with the stoichi­
ometric amount of dilute perchloric acid.
The precipitate was stirred for 15 min­
utes, filtered, washed with copious
amounts of cold water, dried at 100°,
and stored in a desiccator. Drying at
this temperature and grinding in a mor­
tar at room temperature produced no
explosions. However, one should be
aware of the general hazard of organic
perchlorates. Of the common quater­
naries reported for polarography (39),
TBAP is the easiest to prepare and the
most stable in En. The iodides are
particularly susceptible to decomposi­
tion in En.

Anhydrous rare earth acetates were
used because of their favorable solubility
in En (25), ease of preparation (18, 44),
and nonhydroscopicity. Twenty-five
grams of 99.99% lanthanum oxide (code
528, Lindsay Chemical) were mixed
with a 20% mole excess of glacial acetic
acid and 500 ml. of water. The mixture
was stirred at 100° C., maintaining con­
stant volume, until all the oxide dis­
solved. The solution was evaporated
to dryness and the resulting cake ground
to a powder, dried for 24 hours at
150° C., and stored in a desiccator.
Praseodymium and ytterbium acetates
were prepared similarly, starting with
99.9% oxides (codes 729.9 and 1202,
respectively, Lindsay Chemical).

Hydroxy- and oxoacetates (1) were
excluded on the basis of acetate analysis
(30) and EDTA titration of the rare
earth content (3). At least four de­
terminations were performed for each
analysis.

ANHYDROUS LANTHANUM ACETATE.
Theoretical, 43.95% La, 56.05% ace­
tate; found, 43.85% La, 56.01% ace­
tate, 99.85% total.

ANHYDROUS PRASEODYMIUM ACETATE.
Theoretical, 44.31% Pr, 55.69% ace­
tate; found, 44.19% Pr, 56.04% ace­
tate, 100.23% total.

ANHYDROUS YTTERBIUM ACETATE.
Theoretical, 49.42% Yb, 50.58% ace­
tate; found, 48.97% Yb, 50.32% ace­
tate, 99.29% total.

The reference electrode was prepared
before each polarographic run by pour­
ing 2 grams of saturated zinc amalgam
into the bottom of part C, Figure I,
followed by 0.2 gram of dried (150°)
zinc chloride (J. T. Baker) and 20 ml. of
0.25M lithium chloride (J. T. Baker).
The two-phase zinc amalgam (about
2%) was prepared by electrolyzing
aqueous zinc sulfate at a stirred mercury
pool, drying, filtering through a pinhole,
and storing under nitrogen. Only a
bright shiny material was used. The
0.25M lithium chloride solutions were
expedited by heating En to 90° C. All

DC-3
C-2

Figure 1. Polarographic cell

avakaya (8) claims the La(III) re­
duction wave precedes the hydrogen
wave. Flanigan (6) has given a critical
discussion of these and other peculiari­
ties of rare earth polarography.

A nonaqueous solvent which can
solvate rare earth ions to produce
solution species of definite and re­
producible composition without produc­
ing electrochemically active solvolysis
by-products should be of interest for
the rare earths. Such a solvent,
ethylenediamine, has been applied to
the polarography of over 30 elements
(2, 34-37). Only Pr(III) has been
studied and reported as not giving a
wave (35). Bayer (2) developed the
reversible reference electrode, Zn/Zn­
(Hg) (saturated), ZnCl2 (saturated),
LiC] (0.25M), and achieved good
results with the alkali metals in eth­
ylenediamine. Under gross electrolysis
conditions, Moeller and coworkers (23,
24, 25) found nonmetallic deposits on
cathodes of platinum and copper from
so~utions of Nd(III), Sm(IIl) , Gd(III),
La(III), and Y(III) in ethylenediamine,
pyridine, N,N'-dimethylformamide, and
acetonitrile. Kolthoff and Coetzee (12)
studied the polarography of seven rare
earths in acetonitrile. Neither the
solvent nor the rare earth perchlorates
were anhydrous and in the case of
La(III) an irregular section on the
rising portion of the reduction wave was
found at a DME. This behavior was
attributed to metal ion solvolysis with
acetonitrile resulting in an insoluble
acetonitrile-metal ion film and hy­
drogen evolution. Coetzee and Siao
(4) have reported hydrogen inter­
ference when aquated rare earth per­
chlorates are used in acetone.

Much information about the rare
earths in the literature has been ob­
scured because controlled potential
coulometry and chemical tests to
verify electrode products have been
omitted. Thus far, controlled potential
coulometry has been used only to
verify electrode mechanisms of rare
earths in acetonitrile (12) and for
quantitative determinations of euro­
piumandytterbiumin methanol (43) and
europium in water (38).

Lanthanum, praseodymium, and yt­
terbium embrace the known electro­
chemical behavior of the rare earths
and, since they are also among the
least expensive of these elements, they
were chosen for the present study.

EXPERIMENTAL

Apparatus. A Sargent XXI polaro­
graph was used for all studies. Capil­
laries for the DME were constructed
from 25-cm. long pieces of tubing that
Sargent and Co. uses for its S-29417, 6­
to 12-second electrodes. A longer capil­
lary is needed, since low viscosity, lower
interfacial tension, and negative poten­
tials cause streaming with ordinary elec-
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Figure 2. Residual currenI' behavior in ethylenediamine

A. Impure, 0.1 M quaternary supporting electrolytes
8. Wet solu.tions of 0.11\01 TBAP in En
C. Pure dry 0.1 M TBAP in pure, dry En

Figure 3. Polarogram of Yb(lIJ) and PrOIl) mixture

Yb(lII) = 3.20 X 10-3 M
Prllll) = 4.63 X 10 -4 M

potentials in this work are reported
against the zinc reference electrode and
are designs.ted E vs. Zn. Based upon
relative values of cesium potentials in
water and En (2), the estimated poten­
tial of this reference is -1.9 volts vs.
aqueous saturated calomel.

Procedure. The polarographic cell
and related parts were thoroughly
washed with dilute hydrochloric acid,
rinsed, and dried in an oven. The cell
was cooled to room temperature by
flushing with a heavy stream of nitro­
gen. About 100 m!. of purified En was
distilled into the cell under nitrogen.
The reference electrode was simultane­
ously prepared. A previously weighed
capsule of TBAP (3.40 grams) was
added to the cell and the assembly
transferred to the water bath. The
solution was stirred with nitrogen for 15
minutes. All polarograms were run
under a nitrogen blanket. If the resid­
ual current was less than 1.0 p.a. out to
-1.0 volt, the solvent was judged satis­
factory. A weighed amount of the rare
earth acetate was added and dissolution
aided by nitrogen bubbling. The re­
sistance of the cell was measured next
(usually 12 to 18 kohms). After mak-

ing the proper polarographic measure­
ments, the volume of the solution in the
cell was measured accurately in order to
establish the rare earth concentrations.
A careful account was kept of movement
of En through the reference frit and,
since all glass surfaces are uniformly
wetted by En, the volume measurement
was accurate to 0.5 ml. or less.

The number of electrons for each
polarographic step was established by
the pilot ion coulometric procedure of
Meites and Cover (19). Cadmium
acetate (EII2, 0.53 volt) was used as the
pilot ion and was prepared by drying
reagent grade material (J. T. Baker) at
1100 C. for 24 hours and then at 1700 C.
for 24 hours.

The formation of rare earth amal­
gams was verified by electrolysis at a
stationary mercury drop (O.06-sq. cm.
area) for 8 to 10 hours at a potential on
the diffusion limited plateau correspond­
ing to the reduction of the rare earths to
the metallic state. The electrolysis
current was followed with the polaro­
graph and decayed exponentially with
time (nitrogen bubbling). The hanging
drop was carefully removed and washed
with distilled water, and any rare earth

was stripped out by boiling the drop in
concentrated hydrochloric acid for 1
hour. The solution was evaporated to
dryness and the residue taken up in 15
m!. of water. The qualitative Alizarin
Red S test of Rinehart (33) was used to
identify each rare earth. Blanks run on
nonelectrolyzed mercury drops gave
negative tests.

RESULTS AND DISCUSSION

Figure 2 illustrates the residual
current behavior when the supporting
electrolyte was impure (curve A), when
either En or TBAP was wet (curve B),
and when En and TBAP were prop­
erly purified (curve C). The solu­
tions were extremely sensitive to mois­
ture, oxygen, and carbon dioxide and
had to be protected properly. Tetra­
alkyl and aryl ammonium iodides,
bromides, and chlorides never gave
satisfactory residual currents in spite
of repeated purifications.

Polarographic maxima of the first
type were encountered when the rare
earth solutions were more than 1O-3M.

Table I. Polarographic Behavior of La(III), Pr(III), and Yb(lII) in Ethylenediamine

Concn., id (corr.), idle, E1I2 (corr.), Av. E1/2'
Rare earth mole/1. pa. pa./mole X 104 volt V8. Zn Av. I volt V8. Zn

La(III) 3.13 X 10-' 0.82 0.262 -0.5585
(one wave) 5.44 X 10-4 1.40 0.263 -0.581

6.75 X 10-4 1.74 0.261 -0.560
7.54 X 10-' 1.92 0.255 -0.557
9.44 X 10-' 2.46 0.260 Maximum 4.15 -0.565

Pr(III) 3.30 X 10-4 0.90 0.273 -0.574
(one wave) 5.76 X 10-4 1.56 0.271 -0.566

6.24 X 10-4 1.74 0.279 -0.561
1.83 X 10-3 4.90 0.268 Maximum
2.84XlO-a 7.40 0.261 Maximum 4.88 -0.571

1st 2nd 1st 2nd 1st 2nd
¥b(III) 2.80 X 10-4 0.34 0.69 0.095 0.193 -0.406 -0.763

{two waves) 6.20 X 10-4 0.60 1.20 0.097 0.193 -0.415 -0.756
9.75 X 10-' 0.90 1.92 0.093 0.197 -0.419 -0.756
1.29 X 10-3 1.24 2.52 0.096 0.195 -0.412 -0.758
2.48 X lO-a 2.50 4.70 0.101 0.189 Maximum 1.51;3.13 -0.411; -0.747
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Attempts to eliminate the maxima
were abandoned, since successful sup­
pression led to contamination of the
solvent to such an extent that well
defined polarographic waves were not
obtained. Where the situations existed,
it was assumed that maxima did not
change the diffusion currents. All
reduction waves were totally irrevers­
ible and had diffusion-controlled limit-
ing currents (id V8. v'htest).

Tables I and II give selected results
of individual solutions of La(IlI),
Pr(IlI), and Yb(IlI) acetates. Table
III shows the results of various mix­
tures of the ions. Table IV is a
summary of the data needed to deter­
mine the number of electrons using
Equation 1 of Meites and Cover (19):

ia,
R.E.2,

p.a.
Calcd.
3.60
2.75

2.93;5.85
2.34;4.55

Table II. Summary of Capillary Conditions for Table I

Drop time at Hg flow rate Ht. of Hg Capillary
potential E at potential E (corr.), length.

Wave Sec. Volt Mg./sec. Volt em. cm.

La(III) 3.3 -0.80 0.368 -0.80 35.3 25
Pr(III) 3.7 -0.82 0.302 -0.82 35.4 25
Yb(III - II) 8.6 -0.52 0.295 -0.52 32.4 28
Yb(Il - 0) 6.2 -0.87 0.298 -0.87 32.4 28

Table III. Polarography of Rare Earth Mixtures in Ethylenediamine
id,

R.E.l,
Concentration, mole/liter p.a.
R.E. 1 R.E. 2 Exptl. CaIed. ExptL

a6.35 X 10-4, La 1.22 X lO-a, PI' 1.72 1. 71 3.56
a4.15 X 10-4, La 8.70XlO-a,Pr 1.12 1.04 2.64
b4.63 X 10-4, PI' 3.20 X lO-a, Yb 1.34 1.33 2.90;5.88
b9.90 X 10-4, La 2.52 X 10-a, Yb 2.42 2.39 2.40;4.71

a t and m at -0.80 volt were 3.62 sec. and 0.341 mg. sec. -I, respectively.
b t and m at -0.56, -0.70, -0.87 volt were 5.7,4.3,3.8 sec. and 0.308,0.317,0.316

mg. sec. -1, respectively.
(1)

= log ~d);'., X
~d),.•.

ia )~d n,.e. C;.o.
i d ):.0. n~d C~

Table IV. Pilot Ion Coulometry of Rare Earths with Cadmium

E of Electrol.
electro!., time, id)a, id)', n for rare

Ion concn., mole/l. voltvs. Zn hr. p.a. p.a. earths

Cd+> 1.41 X lO-a -0.87 12 4.68 1.68
Yb(IlI) 2.92 X 10-3 -0.87 12 2.64 1.56 1. 09 1st wave
Yb(Il) 2.92 X 10-3 -0.87 12 5.20 2.68 1.89 2nd wave
Cd+> 8.70 X 10-4 -0.82 4 3.32 2.64
Pr(IlI) 1.57 X 10-3 -0.82 4 4.24 3.78 2.88
Cd+2 1.61 X 10-3 -0.82 6 4.90 2.48
La(IIl) 7.74 X 10-4 -0.82 6 2.00 1.34 2.87

where j!d) 0 and id)' are diffusion cur­
rents initially and after electrolysis
times t, n is the number of electrons, and
Co is the initial bulk concentration.
Only one reduction wave involving
three electrons was found for La(IlI)
and Pr(IIl). The half-wave potentials
are not sufficiently different to dis­
tinguish mixtures of the two. How­
ever, Table III verifies additive wave
heights for admixtures. It is certain
that both lanthanum and praseodymium
reduce to metal amalgams, since pro­
longed electrolysis at a stationary
mercury drop gave positive chemical
tests for both elements in the mercury
phase. Polarographic waves due to
lyonium ion reduction (-0.25 volt) were
not found.

Preliminary studies of Eu(IlI) ace­
tate produced two, irreversible well
defined waves, the first at -0.20
volt and the second at -0.57 volt.
Comparing these potentials with the two
Yb(IIl) waves (-0.411 and -0.741
volt), we find markedly different be­
havior from that reported for ace­
tonitrile (12) and water. In all three
solvents Eu(IIl) reduces earlier than
Yb(IlI). However, the second waves
for Eu(Il) and Yb(Il) are at the same
potential in acetonitrile and water.
Actually, the evidence for the second
Eu(II) wave in water has not been
satisfactorily presented. In En, under
strict anhydrous conditions, the first
waves of Eu(IIl) and Yb(IlI) are
separated by the same amount and
are in the same order as their second
waves. The second wave of ytterbium
leads to amalgam formation, as shown
by a positive Alizarin Red S test.
In mixtures of Pr(IlI) and Yb(Ill) ,
three waves could be observed only
when the Yb(IIl) concentration was
five times as large as Pr(IlI) (Figure 3).
At smaller ratios, the Pr(IlI) wave
blended in with the second wave of

Yb(Il), but wave heights were still
additive.

After prolonged reduction of Yb(III)
at the DME, no oxidation wave for
Yb(Il) could be observed, even though
the limiting current for Yb(III) de­
creased. Rate of electron transfer
studies (14, 20) established a value
of 1.15 X 10-9 em. sec. -1 at 0.0 volt, for
the reductive rate and 0.48 for the
transfer coefficient, a. Assuming the
reverse oxidative rate to be equal to the
forward rate and a value of 0.52 for
(I-a), the calculated current at the
anodic limit of +1.0 volt in En is 0.13 fJa.
for equal concentrations of Yb(IlI) and
Yb(Il). Therefore, no anodic wave
can be observed due to such large
anodic overvoltages. Gierst (7) and
Randles (32) have reported unusual
effects for the anodic polarography of
Eu(II). These effects are reflected in
values of a close to 1.0 and have been
attributed to charge distribution in the
Helmholtz layer. Little interest has
been paid to hydroxyeuropium species.
Where double layer effects are en­
countered, studies under completely
anhydrous conditions should shed some
light upon the importance of aqueous
reactions such as the electrically neutral
Reaction 2 which has been reported (17):

Eu(OH)+3 + e- - Eu+3 + OH- (2)
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Anodic Stripping Voltammetry of Gold and Silver

with Carbon Paste Electrodes
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Jackson Laboratory, E. I. d'u Pont de Nemours & Co., Inc., Wilmington 99, Del.
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Figure 1.

~ Carbon paste electrodes have been
applied to the determination of sub­
microgram quantities of gold and silver
using the general technique of anodic
stripping voltammetry. The effects of
electrode material, electrode area,
supporting electrolyte, deposition po­
tential, deposition time" deposition
solution volume, stirring rate, and
anodic voltage scan rf.lte are dis­
cussed. A simple, easily prepared
carbon paste electrode provides the
determination of as little as 1.0 p.p.b.
of gold and 0.25 p.p.b. of silver with
approximately 10% relative error.
A modified Sargent Model XXI Po­
larograph was used for these anal­
yses.

A~WDIC stripping techniques have
ft been a subject of renewed interest
during the past few years, due in part to
the remarkable sensitivity that can be
obtained with this electroanalytical
method. In these analytical applica­
tions the metal to be determined is
electrodeposited from a dilute solution
onto a microelectrode and is then
stripped from this electrode by anodic
oxidation. The stripping has been
carried out using linear voltage scan (4),
current-step procedures (7), and square
wave polarography (8). Generally some
form of a mercury electrode has been
used. Platinum and gold electrodes
have been employed (5) to provide
greater sensitivity because of more
complete recovery of the deposited
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metal and at the same time provide a
more positive potential range.

One real difficulty with the noble
metal electrodes has been the inability
to treat them properly, so as to give
reproducible results, either qualitative
or quantitative. This is due to the oxide
films formed in oxidizing and non­
complexing media (2) and chloride films
formed by platinum in hydrochloric
acid solutions (6).

This paper reports on the use of a
carbon paste electrode (C.P.E.) for use
in the anodic stripping voltammetry of
the noble metals, gold and silver.
Adams (1) first reported the use of a
C.P.E. for organic polarography in
1958; however, its application to
inorganic stripping analysis reported in
this paper is new.

The carbon paste electrode has a
number of characteristics which make
it very good for anodic stripping
voltammetry.

It is a relatively inert electrode,
whose surface can be easily renewed to
give reproducible results and the electro-
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deposited metal can be completely re­
covered by anodic stripping. The
electrode is almost entirely free of
residual currents and has a wide range of
anodic potential use.

EXPERIMENTAL

Apparatus. A Sargent Model XXI
Polarograph was used for all anodic
stripping analyses. The recorder was
modified to give a 2.5-second full­
scale pen response and the linear
voltage drive was increased for most
of the work from 2 to 15 r.p.m. To
run more analyses per day, a simple
four-position electroplater (Figure 1)
was used during the plating cycle. This
freed the polarograph for recording the
anodic stripping current-voltage curves.
The electrolysis cell shown in Figure 2
used a saturated calomel electrode
(S.C.E.) as a reference electrode. This
cell had a resistance of about 800 ohms
with a solution of O.IN hydrochloric
acid. A small magnetic stirrer was
used to agitate the solutions. The cell
was not thermostated for this work.

The various carbon paste electrodes
used in this study are shown in Figure 3.
All were easily prepared from femaJe
glass joints of different sizes, and the
area of each size proved to be repro­
ducible from one joint to another.
Electrical contact is made to the carbon
paste by means of a copper wire sealed
to the glass with De Khotinsky cement.

Materials. All chemicals were rea­
gent grade and were used without
further purification. Stock solutions
of each metal ion were prepared at 10-3

and 1O-6M concentrations, and diluted



These determinations were made with
a 0.283-sq. em. C.P.E. from 100 m!'
of solution stirred at 1400 r.p.m. and
electrolyzed for 15 minutes. The back­
ground for each metal ion was deter­
mined by anodic stripping after a 15­
minute electrolysis of the electrolyte
solution. The E p (peak potential) be­
came slightly more positive with the
smaller dissolution waves.

To investigate the variables, pre­
cision, and applicability of this method,
gold and silver ion concentrations were
measured over a range of 5 X 10-7 to
5 X 1O-9M.
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Fig ure 4. Current-volta g e
curves for anodic stripping of
gold and silver on C.P.E.

-- IO-7M
---10-8M
- . - Baekgraund

SILVER

the best medium for gold for the
same reasons. Nitric acid was used for
analysis of mixtures of these metals.
The useful potential range of the C.P.E.
in either of these two solutions was from
approximately -0.4 to + 1.25 volt VB.

S.C.E.
Deposition Potential. A general

rule of thumb for anodic stripping
voltammetry iii to operate the poten­
tial of the working electrode during
the plating cycle at a value about 0.2
volt more cathodic than the polaro­
graphic half-wave potential. Since
the reduction half-wave cannot be
measured for values below lO-sM, it is
necessary to predict the reduction
potential from the Nernst equation.
At values of lO-sM and lower this
prediction may not be strictly obeyed
on all electrode surfaces, so it was
necessary to determine the optimum
plating potential experimentally. In
general, the reduction potentials of both
silver and gold became more negative as
the concentration of the metals
decreased.

Figure 5 shows a plot of the plating
potential VB. the relative amount of
metal plated within 30 minutes for
solutions of gold and silver at several
concentrations. The amount of each
metal plated was determined by anodic
stripping determinations made on each
metal at the various indicated
potentials. The amount plated at
-0.4 volt VB. S.C.E. was taken as 100%.

The conclusions drawn from this
figure are that it is possible to plate gold
and not silver at the expense of losing
some sensitivity for determining gold.
Actually in practice we were not able to
plate gold without plating some silver.
This is possible only by very carefully
controlling the cathodic potential, which
was not attempted. From the curves

BCD

Carbon paste electrodes

A. 0.1 96 sq. em.
B. 0.2B3 sq. em.
C. 0.502 sq. em.
D. 1.32 sq. em.

A

Figure 3.

After the appropriate electrolysis time
had elapsed, the electrodes were dis­
connected from the electroplater and
connected to the polarograph. The
C.P.E. was connected to the normal
D.M.E. lead and made positive with
respect to the S.C.E. After about 20
seconds for the current to decay to a
constant value, the anodic stripping
wave was recorded by linearly varying
the voltage over a range of +0.3 to
1.3 volt VB. S.C.E. for gold, -0.3 to
+0.7 volt VB. S.C.E. for silver, and
-0.3 to + 1.3 for mixtures of gold and
silver. The optimum rate of voltage
scan was 1200 mv. per minute.

Typical current-voltage dissolution
curves for silver and gold at different
concentrations are shown in Figure 4.

VARIABLES

Besides the electrode material at
least seven other variables affect the re­
sults of an anodic stripping determina­
tion.

Supporting Electrolyte. The po­
tential range for the C.P.E. as well as
the plating potential for each metal
will differ for each supporting elec­
trolyte. A solution of O.IN nitric
acid proved to be the optimum elec­
trolyte for silver, since it gave the
greatest plating rate and the most
reproducible results. A solution of
O.IN hydrochloric acid proved to beFigure 2. Eledrometric cell

as necessary, immediately prior to
use. All solutions were made with
double-deionized water.

A nitrogen gas purge was used to
remove oxygen from the solutions before
determining silver. Because of the
positive reduction potentials used for
gold, it was unnecessary to remove the
oxygen before gold determinations.

All glass apparatus and Teflon stirrers
were cleaned prior to each determina­
tion with aqua regia and rinsed with
double-deionized water. The tip of the
calomel electrode was cleaned with
chromate-sulfuric acid cleaning solution
and then rinsed with double-deionized
water prior to each determination.

The carbon paste was prepared by
mixing 50 grams of Acheson's No. 38
graphite powder with 20 m!' of Nujol
to obtain a thick uniform paste. If
the amount of Nujol was decreased,
the sensitivity of the electrode was in­
creased, but the paste became too dry
to permit the preparation of reproduc­
ible surfaces.

The carbon paste electrode was re­
surfaced with fresh paste prior to each
determination. Usually about 3 days'
experience was needed before a tech­
nician became proficient enough to
prepare electrodes which would give
results with only 2 to 3% relative
standard deviation.

METHOD

The anodic stripping method involves
plating gold and/or silver onto a carbon
paste electrode from a stirred solution
for a predetermined length of time,
usually 15 minutes. The stirring must
be reproducible; thus, placement of the
electrodes, volume of solution, and
stirring rate must be fairly reproducible.
The potential of the C.P.E. during the
plating cycle was held at a predeter­
mined value, usually +0.1 volt for gold
and -0.3 volt VB. S.C.E. for silver and
mixtures of silver and gold.
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Table n. Effect of Electrode Area on Residual Current and Amount of Gold
Found at Constant Plating TIme

Electrode Peak Peak height! Residual current!
area, sq. em. height, /loa. electrode area electrode area

Figure 5. Effect of deposition
potential on amount of metal
plated

/I Ep • T 0.98 V.
11 .
II

I
I
I
I I
I I
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Ep ' +0.85 V.
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Figure 7. Effect of stirring during
anodic stripping of gold

- - - Umtirred
--Stirred

of the same solution. Since all of our
work was done with at least 100 ~l. of
solution, the volume required to achieve

.a worthwhile increase in the amtmnt
plated was much larger than pra<rt.ical
for general use.

Electrode Area. The larger the
area of an electrode the greater 'was
the amount of metal deposited within
a given time period. To deterIl'tine
the optimum electrqde area for plating
and stripping, gold' was plated d'om
a 2.5 X 10-7M solution onto C.P.E.'s
whose apparent surface area varied
from 0.196 to 1.32 sq. cm. for 30 min"tes
at a potential of +0.1 volt V8. s.a.E.
The amount plated was determined by
measuring the anodic stripping peak
height. Under these conditions (line
would expect the ratio of the amo1lIlt
plated (peak height) to the electrode
area to be a constant,.and the ratio of the
residual current during the stripping
cycle to the electrOde area to be conS~t.
This was only partly true, as shown by
the results in Table II. The small~t

electrode had a larger plating rate and a
greater residual current in proportion to
its area. Also, the largest electrode had
the lowest plating rate and a hign
residual current in proportion to its are4\.
Thus it would seem ~t there is a lower
and a highex: limit to,the electrode ar~
and the optimum a~ for analysis
should be about 0.3 sq. cm.

Stirring Rate. The sensitivity of
this method depends on the amount d/.
metal plated, which in turn depends
on the diffusion of the metal ion W
the cathode during plating. StirrinJ!;
the solution will increase the rate of
diffusion, as shown in Table III.
A stroboscope was used to' measure
revolutions per minute.

Although high~r values for the peak
height are obtained with each successive
increase in the rate, 1400 r.p.m. is the
practical limit~ Above this value the
peak height was not reproducible, be­
cause of formation of bubbles in the

0.68
0.49
0.60
0.64

43.5
38.1
36.2
32.8

~~40 ~~D

20t;-~

60 120 180
DEPOSITION TIME, MIN.

080.......
5 60
Q.

C.P.E. However, these are general
curves' and they represent the rate of
plating for these metals at any con­
centration onto a carbon paste electrode.

It is obvious from this plot that it is
impractical to plate all of the metal in
an analytical procedure. For a gold
concentration of 1O-7M a period of 15
minutes is sufficient to plate about 0.1
/-lg. of gold and this is equivalent to 50
microcoulombs or a flow of 5 /-la. for 10
seconds, which can be measured by the
apparatus used in this study. The re­
sults for anodic voltammetric deter­
mination of gold and silver represented
by peak height V8. concentration for a
15-minute electrolysis time (Table I)
I!how that the peak current is linearly
related to the concentration. Generally
the peak area in coulombs is used to
measure the amount plated, but in
these analyses the peak height measure-

Figure 6. Effect of plating time on
amount of metal plated

100'-

ments were just as precise as the area
measurements.

Deposition SolutionVolume. While
the rate of plating is proportional to
the concentration, it is possible, in the
case of extremely long deposition
periods, to increase the amount of
metal plated by plating from very
large volumes of solution. The rate
of change of concentration during
electrolysis is changed by going to
larger volumes, since the ratio of the
amount of metal plated out to the
amount remaining in solution is
smaller. For example, the amount of
gold plated from 100 ml. of a lO-BM
solution of gold during a I-hour period
can be doubled by plating from 1200 m!.

0.12
0.21
1.34
2.78
7.00

0.19
0.36
1.81
3.68
9.39

8.52
10.7
18.2
43.4

Conen.,
mole/Iiter

5.0 X 10-9

1.00 X 10-8

5.00 X 10-11
1.00 X 10-7

2.50 X 10-7

5.00 X 10-9

1.00 X 10-11
5.00 X 10-11
1.00 X 10-7

2.50 X 10-7
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1.32
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Ion

Au+' (O.IM HCI)

Ag+ (O.IM HNO.)

for these metals a value of +0.1 volt
was selected' for gold and -0.3 volt V8.

S.C.E. for silver and mixtures of' gold
and silver .as operating plating
potentials.

Deposition Time. The amount of
metal plated from a solution of a
certain concentration is directly pro­
portional to the time of electrolysis,
as shown by Figure 6. The amount
plated was determined from the
coulombs of electricity represented
by the area under the anodic stripping
peak. The per cent plated was de­
termined by comparing these anodic
stripping anal~sis values to the theo­
retical amount initially present in the
plated solution. These results were
obtained from determinations made on
IO-7M solutions with a O.5-sq.-cm. area

Table I. Peak Current as a Function
of Concentration

(Electrolysis time, 15 minutes)
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I = 1.01"0

Ep' to.80
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Ep ' +0.28
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Figure 9. Current-voltage curve for
anodic stripping of a mixture of gold
and silver

Gold Concn. = 1 X 10-8M
Silver concn. = 1 X 10-7M
Plating time = 15 min.
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but identical samples, run by two
operators, using three different elec­
trodes in separate cells, over a period
of 2 days are given in Table IV.
The precision of the method at this;
level of concentration is extremely
good.

Mixed Compounds. The current­
voltage curve shown in Figure 9
illustrates the possibility of determin­
ing two components simultaneously.
The little pip at 0.06 volt tl8. S.C.E.
is due to a trace impurity of copper.

literature have used quiet solutions
during the dissolution cycle, in order to
avoid vibrations and obtain the best
precision. However, the current­
voltage curves shown in Figure 7
indicate that stirring during the anodic
stripping cycle with carbon paste
electrodes gave greater sensitivity, more
symmetrical peaks, and more negative
peak potentials. A relative precision
of 2 to 3% was maintained in our
analyses. The stirring rate used during
the dissolution cycle was the same as
that used for plating the metal.

Voltage Scan Rate. The effect of
the voltage scan rate during the
stripping cycle is demonstrated by
the curves shown in Figure 8. These
are the results of a 30-minute plating
period from a 1O-7M silver solution onto
a 0.5-sq.-cm. area C.P.E. Not only
does the peak height increase with the
scan rate but the shape of the peak be­
comes more symmetrical. While it is
probable that greater sensitivity for
silver could be achieved with faster
linear scan rates, this represents the
fastest practical rate for gold, since at
faster rates the gold peak cannot be
separated from the background.

Calibration. The method was cali­
brated by plating each metal ion onto
a 0.283-sq.-cm. C.P.E. from 100 ml.
of a standard solution for 15 minutes.
The solution was stirred at 1400 r.p.m.
during the plfJ.ting and stripping
cycles. The results of peak height
measurement of the anodic wave ob­
tained by stripping the metal at
1200 mv. per minute as compared to
the molar concentration are given in
Table I.

Precision. The results of anodic
stripping analyses on eight separate,

A

Ep= +0.25

-t~l
B

Ep = t 0.25

- -i~'
C

___A"
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'"oll:
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-0.3 t 0.3 to.9
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Figure 8. Effect of linear
voltage scan rate On anodic
stripping of silver

A. 150 mv./min.
B. 562 mv./min.
C. 1200 mv./min.

solution and on the surface of the carbon
paste electrode.

Most of the investigations with anodic
stripping voltammetry reported in the

Table III. Effect of Stirring Rate on
Amount of Gold Plated

Stirring rate, Peak height,
r.p.m. p.ll..

400 4.5
600 6.2
800 7.5

1200 8.7
1400 9.6
1600 10.2

Over-all
Av. peak height, p.a.
Std. dev., p.a.
ReI. std. dev., %

Table IV. Precision of

No. of detns.
Av. peak height, p.ll..
Std. dev., p.a.
ReI. std. dev., %

Anodic Stripping Analysis with Carbon

(Gold concn. = 2.5 X 1O-7M)

CPE-l CPE-2

8 8
11.60 11.44

±0.60 ±0.37
±5.17 ±3.21

11.64
±0.39
±3.34

Paste Electrode

CPE-3

8
11.88

±0.29
±2.44
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Determination of Some Heavy Metal Ions by
Complexom'etric Titration with Sodium Azide Indicator

F. G. SHERIF and B. I. RAAFAP

Chemistry Department, FaclJlfy of Science, University of Alexandria, Alexandria, Egypt, U.A.R.

I. Cu(II), 0.6354 mg.; wavelength, 400 mIL
II. Fe(III), 0.4468 mg.; wavelength. 450 mIL

Figure 1. Spectrophotometric titration
of copper(ll) and iron(lII)

for a visual end point, direct and
reverse, against EDTA, together with a
spectrophotometric end point, were
studied. The possibility of determining
metal ions such as Zn, Al, and Ni by
back-titrating the excess EDTA with
a standard solution in the presence of
azide indicator is introduced.

-1.12
-1.90

000
-1.98
+0.45

0.00
+006

0.00
000

-3.33
-1.33
-2.96
-0.60
+007
-0.60

Relative
error,

%
0.00

+015
0.00

-0.14
0.00
0.00

Found,
mg.

1.271
6.364
0.635
6.345
6.354
0.635
2.198
4.383
6.702
8.760
4.488
0.447

15.028
15.018
7.509
3.911
3.992
0.261
8.751
8.810
8.751

Taken,
mg.

1.271a

6.354a

0.635a

6.354b

6.354'
0.635d

2.234a

4.468a

6.702a

8.937b

4.468c

0.447d

15.018c

15.018'
7.509"
4.046'
4.046'
0.269c

8.804'
8.804c

8.804c

a Direct titration.
b Reverse titration.
c Back titration.
d Spectrophotometric titration.

Ele­
ment

Zn(II)

Cu(II)

chrome black T as an indicator to
prepare a 0.02.111 solution of EDTA (6).
A 1M sodium azide solution was pre­
pared and analyzed by titration against
standard silver nitrate, using potassium
chromate as an indicator.

Procedure. Copper Determination.
Ten milliliters of a O.OIM copper
sulfate solution were mixed with 25
ml. of O.OIN HCl, and 2 ml. of 1M
sodium azide indicator were added.
The EDTA solution was added drop­
wise to the intense brown copper solu­
tion. This brown color is due to the
copper azide complex formed in pres­
ence of excess azide. The color
changed gradually to olive green and
suddenly to blue at the equivalence
point. The titration was reversible.
The blue end point is due to the forma­
tion of copper EDTA complex. Back­
titrations were also carried out by
adding 0.01.111 Cu(II) from a buret to a
solution containing 10 ml. of O.OIM
Cu(II), 2 ml. of azide, 25 ml. of O.01N
HCl, and 10 ml. of 0.02.111 EDTA. The
blue color of the mixture changed to
green at the end point. Spectrophoto­
metric titrations were carried out be­
tween EDTA added in 0.05-ml. portions
and solutions containing 1 ml. of 0.01.111

Ni(II)

Al(III)

Fe(III)

Table I. Results of the Determination
of Copper, Iron, Zinc, Aluminum, and

Nickel
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EXPERIMENTAL

Apparatus. A Unicam spectropho­
tometer, Model SP 500, with l-cm.
glass cells was used. The pH was
measured using a Marconi pH meter,
type TF 511C.

Reagents. A stock solution of
Cu(II), 0.1.111, was prepared from
crystallized copper sulfate. The cop­
per content was determined gravi­
metrically as the thiocyanate. A
stock solution of Fe(III), 0.08.111, was
prepared from AnalaR ferric chloride.
The iron content was determined
gravimetrically as the oxide. Other
concentrations were prepared from
these by appropriate dilutions. AnalaR
AlCla·6H20 was used for the prepara­
tion of a solution 0.01.111 in Al(III).
The Al(III) content was determined
gravimetrically as the oxide. The
nickel solution was prepared from
NiC12 ·6H20 and analyzed gravimet­
rically as the dimethylglyoxime com­
plex. AnalaR zinc metal was dissolved
in dilute hydrochloric acid and a solu­
tion 0.1148.111 in Zn was obtained.
This zinc solution was utilized for the
standardization of EDTA, using Erio-

~ Copper and iron can be deter­
mined in acid solution by titration
against (ethylenedinitriloltetraacetic
add (EDTA) using sodium (Izide as an
indicator. The end point depends
upon the difference bEltween the
colors .:>f each of the metal azide
complexes and the corresponding che­
late with EDTA, and up()n the fact
that the instability constlJnts of the
former are greater than that of the
latter. Zinc, aluminum, and nickel
can also be determined by back­
titrating the excess EDTA added to
each of these ions against a standard
copper solution, using the: azide as an
indicator.

1 Present address, Misr Rayon Co.,
Alexandria, Egypt, U. A. R.

D mUNG THE investiga,tions of the
orange uranyl (4) and green

chromi.um(III) (5) complex ions with
the azi.de as a ligand, it was found that
small amounts of (ethylenedinitrilo)­
tetraacetic acid, EDTA, would reduce
the interference of Fe(III) and Cu(Il)
ions appreciably. The blood-red color
of the ferric azide complex and the
olive green color of the copper azide
ion disappeared completely. These
observa,tions suggested the possible use
of EDTA as a titrating agent for these
ions, using the sodium azide as an
indicator. The end point would be
dependent upon the difference between
the color of the metal azide complex ion
and that of the EDTA metal chelate,
and also upon the fact that the
instability constants of the azide com­
plexes (1, 2) are greater than that of the
EDTA chelates (3). Very few inorganic
substances have been used as indicators
in eomplexometric tit,rations. For
example, iodide has bem used in the
titration of bismuth, and thiocyanate in
the titration of iron. Sodium azide,
besides being a simple inorganic reagent,
has the advantage of offering a buffering
medium in presence of suitable amounts
of a strong acid such 113 HCl, and thus
the method is comparatively insensitive
to variations in the pH values of the
solutions.

In this work, the d,etermination of
CuCH) and Fe(III) in 13mall quantities
in solution is presented. Conditions
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Cu(II) and the same acid and azide
mentioned before. Optical measure­
ments were taken at 400 mjL, which is
in the vicinity of the wavelength of the
maximum absorption of the copper
azide complex, 380 mjL.

Iron Determination. A mixture of 5
mI. of 0.008M Fe(III), 2.5 mI. of O.IN
HCI, and 0.2 mI. of 1M azide indicator,
diluted to 25 mI. with distilled water,
gave an intense red color. It is im­
portant to emphasize here that the
amount of azide should not exceed the
above limit, otherwise the titration
mixture would become turbid because
of the formation of the basic ferric
azide. Even in cases where more acid
was added to prevent the formation of
the basic salt, increased azide concen­
tration would render the end point
obscure. The addition of 0.02211 EDTA
to the above mixture masks the red
color and the end point is reached when
the solution turns from orange-red to
faint yellow. The pH of these titra­
tions should be below 3. Back-titra­
tions were carried out by adding excess
EDTA to the iron solution and back­
titration with 0.008111 Fe(III). The
end point in this case is sharper and is
obtained when the solution turns from
faint yellow to orange-red. Spectro­
photometric titrations were also carried
out using 1 mI. of 0.008M Fe(III) and
the color was measured at 450 mjL,
which is the wavelength of maximum
absorption for the ferric azide complex.

Zinc Determination. A known excess
of EDTA, 17.5 mI. of 0.02111, was added
to 2 ml. of 0.1148111 Zn solution, and
2 mI. of 1M sodium azide was added.
The mixture was titrated against 0.02M
Cu(II) solution. As the copper ion
was introduced, it reacted with the
EDTA, forming the blue chelate. The

. blue color increased gradually, and
when the end point was reached, the
solution turned suddenly to green, the
color of the copper azide complex.

Aluminum and Nickel Determination.
A mixture containing 15 ml. of 0.01111
Al(III), 17.5 ml. of 0.02111 EDTA,
and 1 ml. of 1111 azide indicator, was
titrated against 0.02111 copper solution.
The end point was detected as above.
In a similar fashion, the known excess
of EDTA added to the nickel solution
and sodium azide indicator was back­
titrated against the standard copper
solution.

RESULTS AND DISCUSSION

The data are depicted in Figure 1 and
compared with volumetric results in
Table 1.

In the determination of copper,
changes of pH within a range of 4 to 6
were permissible in both forward and
back EDTA titrations. Slight varia­
tions in either the acid or the azide
concentration were found to have no
effect on the sharpness and/or quan-

tity of the titrant at the end point.
The zinc titrations couldbe carried out
in solutions of pH ranging from 2 to 5,
with no effect on the results. The
amount of azide indicator could also be
varied widely. In fact, the larger the
amount of indicator, the more obvious
was the end point. However, it is
advisable not to increase the acid con­
centration, as volatile hydrazoic acid is
irritating to the mucous membranes of
the nose and eyes.

Attempts were made to determine
Pd(II), Pt(IV), Cr(III), and U(VI) by
titrating the excess EDTA against
copper, but the color produced by these
ions with the azide masked the end
point.
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Extraction of Submicrogram Amounts of Molybdenum
with Cupferron-Chloroform Using Molybdenum-99

W. B. HEAlYl and W. J. McCABE

Soil Bureau, and Institute of Nuclear Sciences, Department of Scientific and Industrial Research, Wellington, N. Z.

... Extraction of Mo at 0.0 1- to O.l-f.J.g.
levels with cupferron-chloroform has
been followed using M0 99. The ex­
traction is most efficient, giving a
distribution ratio of over 200 between
the chloroform and aqueous phases.
Over 90% of Mo can be separated in
one extraction when only 0.1 jLg. is
present in 1 liter of aqueous phase.
Phases must be separated within an
hour of extraction, otherwise break­
down of cupferron results in return of
Mo to the aqueous phase. Bone
samples in preparation for extraction
can be ashed at temperatures up to
850 0 C. without loss of Mo.

THE USE OF cupferron (ammonium
salt of N-nitrosophenylhydroxyl­

amine) to extract a number of ele­
ments, including molybdenum, from
acid and neutral solutions into organic
phases has been recently reviewed
(Morrison, G. H., Freiser, Henry, "Sol­
vent Extraction in Analytical Chem-

istry," p. 169, 1957, Wiley, New York,
N. Y.). In this laboratory, analysis of
various materials, including teeth, bone,
soft animal tissues, urine, and water, for
submicrogram amounts of molybdenum­
has necessitated a preliminary ex­
traction of molybdenum from acid
solutions into an organic phase. This
paper reports the use of M0 99 to check
on the effectiveness of cupferron in com­
plexing molybdenum and facilitating its
extraction into a chloroform phase when
molybdenum is present in the range
0.013 to 0.13 jLg

EXPERIMENTAL

Apparatus and Materials. Cup­
FERRON. Freshly prepared 6%
aqueous solution of analytical grade
cupferron (ammonium salt of N­
nitrosophenylhydroxylamine).

Mo91. Solution of sodium molyb­
date containing 1.3 jLg. of molybdenum
for each microcurie of M0 99.

CHLOROFORM. C.P.
COUNTING ApPARATUS. A Philips

(Model PWA032) Scalar was used with
a Geiger-Muller Liquid Counting Tube
(20th Century Electronics Type M.6H).

Four solutions were used for these
extraction studies:' (1) 2N HCI. (2)
T550 Solution. Twenty grams of oven­
dried human teeth were ashed in a
platinum crucible at 550 0 C. for about
6 hours. The ash was dissolved in
concentrated HCI, diluted, and filtered
through a No. 542 paper into a 250-mI.
flask. The residue and filter paper was
re-ashed for 4 hours at 550 0 C., dis­
solved in a few milliliters of concentrated
HCI and added to the volumetric flask,
which was made up to volume. The
final solution was approximately 2N in
HCI. (3) B550 Solution. Seventeen
grams of oven-dried bone (femur of
sheep) were ashed at 550 0 C. for 6
hours, dissolved in concentrated HCI,

1 Present addressl Analytical Chemis­
try Division, Oak RIdge National Labora­
tory, Oak Ridge, Tenn.
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Extraction of Mo from Water.
One liter of water was made approxi­
mately 0.25N by the addition of 5
m!. of concentrated HCl, 0.13 p.g. of Mo
was added followed by 5 m!. of 6% cup­
ferron and 25 m!. of CHCla. Following
shaking for 1 minute (not too vigorous,
otherwise phases take a long time to
separate), the chloroform phase was
counted within 5 to 10 minutes. Re­
sults for distilled and city water samples
are given in Table IV.

Results show that 94 to 98% of the

The results of extraction of Mo f~om
the four solutions is given in Table 1.
All count rates have been corrected for
background and decay. While transfer
of Mo to the CHCla phase in one extrac­
tion was promising, the results were
somewhat variable. To lessen the
possibility of contamination, the lower
activity aqueous phases were counted
first, followed by the CHCla phases.
There was, therefore, some time elapse
between the measurement of activity
in aqueous and organic phase of a
particular sample. The 0.13-p.g. Mo
series had the greatest time elapse
between extraction and counting, and
these show lower extraction efficiencies.
This suggested that the Mo-cupferron
complex might be unstable and break
down with time, the Mo returning to the
aqueous phase. The fact that in some
samples the sum of activities in the two
phases fell short of the known activity
--e.g., in T550, 0.13 p.g. Mo, 25% of
M099 activity could not be accounted
for-supported this possibility.

When a 0.13-p.g. level of Mo (0.1 p.c.
M099) and the extraction procedure are
used, the activity of the aqueous phase
was followed over several hours. Mter
initial separation of the two phases, a
sample of the aqueous phase was re­
moved, centrifuged, and counted.
Following counting, the sample was
returned to the separatory funnel and
reshaken for 1 minute. This operation
was repeated several times and the post­
extraction activities are given in Table
II. Mter 5 hours, when the bulk of the
Mo had returned to the aqueous phase,
a further 1 ml. of 6% cupferron was
added and the operation was repeated.
It can be seen that fresh cupferron re­
sulted in extraction of Mo back to the
chloroform phase. It appears that the
Mo-cupferron complex breaks down
rapidly after about 1.5 hours, probably
as a result of free cupferron breaking
down and falling below a certain mini­
mum concentration.

Extraction of the 0.13-ILg. Mo series
was repeated and in all cases counts
were made within 5 minutes of extrac­
tion, the CHCla phase only being
counted. Results are given in Table
III. It would appear that better than
98% of the Mo is removed in the first
extraction, indicating a distribution
coefficient of over 200.

Mo ex­
tracted,

%
50
53
51
64
99

Chloro­
form

phase,
c.p.m.
1800
1900
1820
2290
3560

0.13 }Lg. Mo

240
91

180
180
56

4060

Aqueous
phase,
c.p.m.

Mo ex­
tracted,

%
87
82
63
79

100

RESULTS

Two standards are included in the re­
sults to serve as reference points for
extraction efficiency. In the "aqueous"
standard, the activities of the two Mo
levels used, 0.013 and 0.13 p.g. (0.01 and
0.1 p.c. M099, respectively) were meas­
ured in the liquid counter in 11 m!. of
H20. In the "extracted" standards,
the M099 activities were measured in the
CHCla phase made up of two successive
extractions of the 2N HCI aqueous
phase to which M099 had been added.
Fresh cupferron reagent was added at
each extraction, and the final volume of
the CHCla phase made up to 11 ml.
Prior experiments had shown that no
M099 activity could be detected in a
third extraction. The lower activity in
the "extracted" standards would appear
to reflect the greater beta absorption in
the CHCla phase. Extraction ef­
ficiencies were calculated by expressing
the M099 activity in the CHCla phase of
a sample, as a percentage of M099
activity in an "extracted" standard
(CHCla phase).

and made up to 250-m!. volume as for
T550 solution. (4) B650 Solution.
Fifteen grams of oven-dried bone were
ashed at 650 0 C. for 6 hours, dissolved
in concentrated HCI, and made up to
250-ml. volume as for T550 solution.

Extraction Procedure. Aliquots
(50 m!.) of each of the four solutions
were placed in separatory funnels,
followed by 1 m!. of 6% cupferron
solution and 10 m!. of CHCla. This
was shaken for 1 minute and the two
phases were allowed to separate.
The CHCla phase was drawn off and
discarded. This was repeated three
times so that the solutions were Mo­
free, or nearly so, prior to addition of
M099. The appropriate amount of
M099 was added plus 1 m!. of 6% cup­
ferron, followed by 11 m!. (to ensure
sufficient volume to fill liquid counter)
of CHCla. The separatory funnel was
shaken for 1 minute and allowed to
stand. Where several extractions were
made a further 1 m!. of cupferron and
11 m!. of CHCla were added in each
case. Where the CHCla phase did not
separate cleanly, it was transferred to a
centrifuge tube and centrifuged. The
clear CHCla phase was then removed
by pipet and placed in the counting
tube.

330
aID
~~40

aoo
:380

Chloro­
form

phase,
c..p.m.

94
98

M099 in
first

extrac-
tion,
%
99
98
98
98

M099 in
first

extrac­
tion,
%

Ashed
850 0 C.

1040
540

1110

3
o
2
3
o

410

110
45

Second
extrac-

tion
CHCla
phase,
c.p.m.

27
60
58
56

Aqueous
phase,
c.p.m.

First
extrac-

tion
CHCI.
phase,
c.p.m.
3170
3410
3310
3360

1790
1960

Extraction of Mo (0.013 end 0.13 ILg.) from 2N HCI and from Extracts
of TI~eth and Bone

0.013 JLg. Mo

Postextraction time
Aqueous
phase,

h Min.. c.p.m.
11 15
35 2]

1 3
1 25 ..'>;;,.,

1 55 110
2 25 700
2 45 780
4 35 920

Sample
2NHCI
T550
B550
B650

1010
560

1090

Ashed
550 0 C.

Table V. Effect of Ashing
Temperatures on Mo99 Content of

Bone Ash, c.p.m.

Ashed Ashed
650 0 C. 750 0 C.
1010 1040
570 570

1070 1110

Table I.

2NHCI
T550
B550
B650
Standard (extracted)
Standard (aqueous)

Fresh Cupferron Added
5 25 28
5 50 27

Table III. Extraction of 0.13 ILg. Mo­
Phases Separated within 5 Minutes

of Extraction

Table II. Breakdown of Mo-Cupferron
Complex (0.13 ILg. Mo)

Sample
Distilled

water
City water

Table IV. Extraction of 0.13 ILg. Mo
from 1-liter Water Samples

First Second
extrac- extrac··

tion tion
CHCb CHCh
phase, phase,
c.p.m. c.p.m.

2118 • ANALYTICAL CHEMISTRY



Mo in the aqueous phase is removed to
the c.hloroform phase in the first ex­
traction. It could well be that the
efficiency is even higher, for the aqueous
phase still contained fine droplets and
surface lenses of CHCla difficult to settle
out. The activity levels for the second
extraction are probably somewhat high
on this account.

Ignition Temperatures for Bone
Samples. Bone and teeth samples are
not easily ashed free of organic matter
at temperatures (500° to 550° C.)
normally used. Moreover, when the
ash is dissolved in acid in preparation
for extraction with cupferron a portion
of the organic matter appears to
dissolve also, imparting a brown color
to the solution. Even if residual
carbon is re-ashed and dissolved, this
does not, of course, prevent organic
matter from being taken up when the
bulk of the sample is first dissolved in
acid. Traces of organic matter prevent
clean separation of the chloroform
and aqueous phases after shaking and so
interfere seriously with Mo extraction.
The bone samples (B650) used in the
extraction studies were free of this
interference because of the higher (650 0

C.) ashing temperature, and phases
separated cleanly and quickly.

Other studies being carried out in this
laboratory involved injection of M0 99

into rats. When the animals were
sacrificed, it was possible to obtain a
number of femurs containing quite
considerable amounts of M0 99, and as
this M0 99 had been taken up by meta­
bolic processes it was most likely in a
form normal to bone. The femurs were
cleaned of soft tissue and three groups of
femurs were ashed in platinum bas.ins

for 18 hours at 550 0 C. The three
samples were then ground and counted
in metal planchets. Four counts were
taken for each sample, the planchet
being rotated 90° between counts.
Mean counts are recorded, but the four
separate counts agreed well. After
counts were made at 550° C., the sam­
ples were returned to the platinum
basin and ashed at 650° C. for 2 hours.
The samples were transferred to the
planchets and recounted. This opera­
tion was repeated at temperatures of
750 0 C. and 850° C. Results are given
in Table V, counts being corrected for
decay. These showed that at tempera­
tures up to 850 0 C. no M0 99 was lost
from the bone samples.

DISCUSSION

Submicrogram determinations may
be affected by sample variation in
cations and anions apparently without
effect at higher microgram levels.
Quantitative separation of the elements
concerned from the sample matrix
minimizes such effects and may be es­
sential for accurate determinations by
helping to reproduce standard curve
conditions. Extraction of an element,
usually in the form of a complex by a
solvent immiscible with water, is an
especially valuable separation tech­
nique, not only because of the selectivity
possible with the choice of complexing
agents, pH optima, and organic solvents
available, but also because the extrac­
tion may be repeated several times if the
distribution ratio is not particularly
favorable.

The Mo-cupferron complex appears to
have a distribution coefficient of over
200 between the chloroform and aqueous
phases. Cupferron is, therefore, a most
effective reagent for complexing Mo in
dilute acid solutions, and ensuring its
extraction into the CHCls phase. The
Mo-cupferron residue left after evapora­
tion of CHCls is readily digested with
HNOs-HCI04•

Care must be taken that the CHCla
phase is removed within perhaps 1 hour
of extraction, otherwise the Mo-cup­
ferron complex breaks down rapidly
with return of Mo to the aqueous phase.

Two or three extractions ensure
quantitative removal of Mo, for a
single extraction will remove about 95%
of Mo from the aqueous phase in
amounts of the order of 0.01 J.'g. In
work not reported here, even O.OOl-J.'g.
amounts of Mo would also appear to be
extracted quantitatively. A similar
efficiency can be seen in the extraction
of 0.1 J.'g. of Mo from 1 liter of aqueous
phase into 25 m!. of CHCIs.

Ashing of bones or teeth at 6500 C.
ensures that all organic matter is re­
moved. With material ashed at 5500 C.
the presence of traces of organic matter
inhibits the separation of aqueous and
chloroform phases. No losses of Mon
appear to take place when bone is ashed
at temperatures up to 8500 C.

RECEIVED for review April 23, 1963.
Accepted September 9, 1963. This work
was supported in part by U. S. Public
Health Grant D-965.

Spectrophotometric Estimation of Copper(1)
Using Rubeanic Acid

AGNES PAUL

Alagappa Chettiar College of Technology, University of Madras, Madras, India

l> The possibility of the spectrophoto­
metric estimation of copper(l) as a
soluble chloro complex of rubeanic
acid is discussed. The molecular for­
mula of the complex formed is de­
termined by the method of continuous
variation and the probable structure
of the complex is indicated. The
method compares favorably with simi­
lar methods, and is applicable in a
concentration range of 2 to 12 p.p.m.
of copper(l).

T HE SPECTROPHOTOMETRIC STUDY of
copper(I) has been carried out in

the past using several organic reagents.
To mention but a few instances, copper
(I) in ammoniacal solution has been
estimated by complexing with 2,2'­
dipyridine (24), and separately with

2,2',2"-tripyridine and 2,2'-biquinoline
(20). Other reagents used for the pur­
pose have been described (3,6-9,19,21,
22, 27). Some of these reagents are
claimed to be specific for copper(I) with
minimum interference from other ions,
but their cost and availablity have not
always been favorable.

Rubeanic acid (dithiooxamide) can
be synthesized easily to a high degree
of purity (14) and it works well in the
spectrophotometric study of copper(I).
The suitability of the reagent for the
colorimetric estimation of copper(II)
has already been established by previous
workers (1, 2, 4, 10, 15, 16,23). Its ap­
plication to the spectrophotometric
study of copper(I) has not been investi­
gated. The present investigation shows
that the reaction of copper(I) in the

form of its chloro complex with rubeanic
acid is instantaneous, resulting, there­
fore, in a rapid method.

EXPERIMENTAL

Reagents. CUPROUS CHLORIDE.
Cuprous chloride used during this
investigation was prepared in a pure
state according to the method given by
Palmer (12). Commercial samples of
cuprous chloride are usually partially
oxidized to the cupric state and they
have to be freshly reduced by sulfur
dioxide and dried before they can be
used for such investigations. I

RUBEANIC ACID. Three-tenths gram
of rubeanic acid was dissolved in 100 m!.
of 95 to 96% ethyl alcohol (this strength
is not very critical). The solution had
a tinge of orange, and 0.5 ± 0.01 m!.
was used per estimation.
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complex is formed over a wide range of
pH (from 4 to 9.5) the color stability
was maximum in the alkaline range.
Stabilizers are necessary in various
colorimetric studies of copper(I) (5, 13,
18, 24). In this laboratory Metol
(monomethyl para amino phenol sul­
phate), quinol, hydrazine hydrate, and
dimethyI formamide were tried as sta­
bilizers without much success. The two
former reagents are very susceptible
even to small changes in hydrogen ion
concentration, and their behavior be­
comes unpredictable due to rapid tauto­
meric changes in their constitution.
Hydroxylamine hydrochloride was
found to be the best stabilizing agent
for this estimation; the brown color of
the cuprous rubeanate complex was
stable for more than 15 minutes in the
alkaline medium.

Composition of the Cuprous-Rube­
anate Complex. The composition of
the complex was determined by the
method of continuous variation pro­
posed by Job (11) and adopted by
Vosburgh and Cooper (25). When the
different mole ratios of copper(I) to
reagent were plotted against their re­
spective absorbances for different wave­
lengths (Figure 1), it was observed
that there was no variation in the loca­
tion of the maxima, from which it was
inferred that only one product was
formed, or that the complex was homog­
enous. The position of maxima of the
continuous variation method showed
the ratio of copper(I) to reagent in the
complex to be 3: 2. However, the gravi­
metric and volumetric analyses of the
solid complex indicated the ratio of
copper(I) to reagent to be 1: 1. There­
fore, in the solid state the complex
exists in a monomeric state with one
ligand per copper(I) atom.

X-ray studies have indicated that the
dithiooxamide (rubeanic acid) molecule
is planar with a center of symmetry.
Barcelo (see 17) observed that the in­
frared spectra of the metal complexes of
dithiooxamide or N,N', disubstituted
dithiooxamide molecule showed strong
absorbance of the N-C=S group, but
the characteristic absorption of the
S-H bond was not found in any of the
spectra, which agreed with the formula
based on the trans-keto form.

Correlating the above two observa­
tions, and the results of the gravimetric
and volumetric analyses, the structure
of copper(I)-rubeanate complex in the
solid state may be represented as: -

The molar absorptivity values for six
samples of the copper(I)-rubeanate
complex were 743.0,749.0,743.2,755.3,
776.4, and 745.9 which show that the
absorbance obeys Beer's law. A series
of quantitative determinations of cop­
per(I) were carried out taking known
weights of cuprous chloride in saturated
sodium chloride solution, determining
their respective absorbances on the
spectrophotometer, and referring the
values to the working graph. The
estimated values were in good agreement
with the weighed values. Standard'
deviations are indicated in Table 1.

Cations shown in Table II can inter­
fere with the estimation if present in.
large amounts. Their concentrations
can be reduced considerably by suitable
means, such as electrodeposition, before
estimating the copper(I) ions. How­
ever, if they are present as trace impuri­
ties, .~heir interference can be obviated
by the addition of suitable buffers
and/or sequestering agents (26, 28).

Approximate limits of tolerance of
some of the diverse ions usually found
with copper are shown in Table III.
Cations of silver require, for masking,
KCN or thiourea which also form com­
plexes with cuprous ions, and hence are
not tolerated in this estimation. Silver
ions are completely eliminated as insol­
uble AgCl when the cuprous ions are
complexed with saturated sodium chlo­
ride solution to give the soluble chloro
cuprous complex for the estimation.

Anions such as periodate, nitrite,
thiocyanate, and ferricyanide give yel­
low coloration with the reagent, or react
with 'hydroxylamine hydrochloride.
Hence, their presence also is not tol­
erated.

Though the brown cuprous-rubeanate

pIe was measured with the spectro­
photometer at various wavelengths.
Reagent blank correction was applied
in. all cases. Readings obtained in­
dicated that the 400-mJL region showed
maximum change in absorbance for
unit change in concentration of the
copper(I) ion. However, the rubeanic
acid reagent also showed appreciable
absorbance at this range and therefore
the 425-mJL region was the next best
for copper(I) estimation, as the ab­
sorbance due to the reagent was negli­
gible in this region.

DISCUSSION

Std. dev.

±0.1339
±0.1549
±0.1013
±0.2116
±0.1808
±0.1030

2.638
4.158
5.0170
7.5080
8.5600

12.8380

Quantitative Determination of
Copper(l)

Wt. of copper
in mg./liter,

avo of 5
experiments

VoL of
cuprous
chloride,

ml.

0.5
0.8
1.0
1.5
1.7
2.0

Table I.

Cobalt
Bismuth
Copper(II)
Mercury(I)
Nickel
Iron(III)
Iron(II)
Aluminum
Palladium
Platinum

BUFFER. A phosphate buffer was
prepared by adding 4 m!. of IN sodium
hydroxide to a solution containing 71.6
grams of NaJ!P04 ·12H20 and making
up a total volume of 1 liter with distilled
water. This buffer showed a pH of 9.4
to 9.5.

STABILIZE:R. Five milliliters of a 20%
aqueous solution of hydroxylamine
hydrochloride was added per estimation
to stabilize the cuprous complex.

Apparatus.. The absorbance meas­
urements were illade with the Beck~

man B spectrophotometer equipped
with a set of 4 Beckman borosilicate
glass rectangular cells.

Procedure. About 10 mg. of freshly
prepared euprous chloride was ac­
curately weighed and dissolved in 10
ml. of a saturated solution of sodium
chloride. From this stock solution
different aliquots were pipetted out
into standard 25-ml. flasks. One
milliliter of phosphate buffer and 5
m!. of 20% hydroxylamine hydro­
chloride weJ'e added to each aliquot,
and the volume was made up in each
case to the 25-m!. mark with distilled
water. Finally, 0.5 ± 0.01 m!. of
0.3% rubeanic acid was added with
stirring. The absorbance of each sam-

Cations
Silver

Table II. Interfering Cations and the
Colors of Their Respective Rubeanate

Complexes

Color of rubeanate complex

Yellow, turning to greenish
black

Yellow-brown
Tan
Grass-green
Brown turning black
Blue-red
Faint orange
Dull green
Yellow to greenish black tinge
Brown
Rose

However, the continuous variation
method, which is a specific analytical
method for trace quantities of very weak
complexes, indicated the ratio of copper

S=G-NH

"eu
.?

H 2N-C=S
12 p.p.m.

1000 p.p.m.
4p.p.m.

Table III. Tolerance Limits of Diverse Ions

Added as Complexing agent Tolerance limit

CoClz·6H20 Malonic acid or 20 p.p.m.
EDTA (sodium salt)

Malonic acid or
EDTA (sodium salt)

Fluoride or phosphate
EDTA (sodium salt)

FeCl,·6H20
Fe(II) ammonium

sulfate

Metal
Co(II)

Ni(II)

Fe(III)
Fe(II)
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working graph be prepared using the
conditions adopted for sequestration.°(X10"'M)

-+- Mole Fraction 01 [Cu Chj- Soln. -
8 6 4 210

0.8 ...-_-,-_-,-__;-_...,-_-,----'_;-- ---,,..----,
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plicableto the evaluation of cuprous
chloride used in catalysis, preservatives,
fungicides, and in wet-cell batteries
(cuprous chloride and magnesium).

In all the above instances where
cuprous oxide or cuprous chloride is
handled, the extraction may be done
with saturated sodium chloride while
bubbling sulfur dioxide through it, when
(CuCI2)Na complex is formed. The
spectrophotometric method discussed
in this paper can then be applied directly
after elimination of free sulfur dioxide.
The method has not been of quantitative
value when the extraction involved acid
digestion.

Interferences. The ions that are
usually met in association with cu­
prous oxide or chloride are cobalt,
nickel, iron(llI), and magnesium.
Of these, the last is not an interfering
ion. If the .interfering ions are
present in large proportion, their
prior elimination by electrodeposition
is necessary. Iron(III) complexes
with the phosphate buffer used in the
experiment and does not interfere under
the conditions of the experiment as has
been. mentioned earlier. Nickel and
cobalt, if present in small amounts, can
be sequestered with malonic acid, ethyl­
enediamine (26), or EDTA, and thus
their in:terference can be eliminated.
However, the addition of these sequest­
ering agents, especially malonic acid,
considerably reduces the stability of the
cuprous-rubeanate complex. Larger
amounts of the hydroxylamine hydro­
chloride stabilizer (about 15 to 20 ml.

. per estimation) have to be used when
EDTA is used in the experiment, and
it is also recommended that a separate

2 4 6
- Mole Fraction 01 Rubeanic Acid ~°

..
u
c
~jO.4
<

Figure 1. Identification of rubeanic acid--cuprous complex by method of
continuous variation

(I) to reagent to be 3: 2. Therefore, in
solution, in the presence of a high con­
centration of sodium chloride, there is a
possibility of the formation of a poly­
nuclear complex when the two amido
groups of two monomeric complexes by
their proximity are bridged through a
copper(I) atom belonging to the
(CuCI2)Na complex. The structural
formula of the brown. polynuclear com­
plex in solution can be represented as:

o 4-00 mp
f:>. 42.5"

)<. 4- 50 "
o 4-75 J'

0.2 t---e'f75"'+--t--+---+--t--+-~~:.._-~-_I

0.6 t---+---+--t---±---+--t--...,----,--,..-t----l

Applications. The method is of
analytical interest. It does not claim
greater advantage than the estima­
tion of copper(ll) by the same
reagent. However, it can work as an
alternate method to the latter. The
application of this method is limited
by the limited occurrence of copper in
its unusual univalency. Although not
confirmed, it may be of value in the
estimation of'copper in cuprite (Cu20),
in the evaluation of cuprous oxide to be
used in ceramics, red glaze of porcelain,
red glass, and electroplating, and in the
estimation of cuprous oxide' used in
fungicide and in antifouling paints (ship
bottom paints). It should also be ap-
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Indirect Ultraviolet Spectrophotometric
Determination of Silicon

LOUIS TRUDELLI and D. F. BOLTZ

Department of Chemistry, Wayne State University, Detroit 2, Mich.

l> An indirect spectrophotometric
method for traces of silicate is based on
the ultraviolet absorptivity of mo­
lybdate originating from molybdo­
silicic. acid. After extraction of the
heteropoly acid with a pentanol­
diethyl ether solution,· the molybdo­
silicic acid is stripped with a basic
buffer solution. The absorbance of
the aqueous molybdate solution is
measured at 230 or 210 m,u. Phos­
phate, arsenate, and iron(III) interfere.
The optimum concentration ran,ge is
0.06 to 0.5 p.p.m. of silicon when
spectrophotometric measurements are
made at 230 m,u using 1-cm. cells.
The molar absorptivity is 59,000 liters
per mole-em. at 230 m,u.

MOLYBDATE and silicate ions form
yellow molybdosilicic acid, which

is extractable with certain oxygen­
containing organic solvents (10). The
determination of silicon has been based
on the measurement of the enlor of
either the molybdosilicic acid (2, 3,
5, 6) or the heteropoly blue of silicon,
which is obtained by the selective
reduction of the molybdosilicic acid
(1). The fact that decomposition
products of molybdophosphoric acid
were used in a sensitive ult,raviolet
spectrophotometric method for the
determination of phosphate (7) sug­
gested the desirability of a similar
investigation of molybdosilicic acid.
The essential steps in the procedure as
ultimately developed are: the formation
of molybdosilicic acid, the extraction of
this heteropoly acid with a pentanol­
dietbyl ether extractant, the stripping
of the molybdosilicic acid wit.h a basic
buffer solution, and the measurement of
the ultraviolet absorptivity of the
molybdate ion.

EXPERIMENTAL

Apparatus. The absorbance meas­
urements were made in 1.000-cm. silica
cells using either a Cary 14 recording
spectrophotometer or a Beekman DU
spectrophotometer equipped with an
ultraviolet accessory set.

Solutions. STANDARD SILICATE So­
LU'I'IO:.'f. Dissolve 3.15 grams of so-

l Present address, Department of Chem­
istry, ::Y[acomb County Community Col­
lege, vVarren, :Mich.

2122 • ANALYTICAL CHEMISTRY

dium silicate, Na2SiOa·9H20, in dis­
tilled water and dilute to 500 ml.
Standardize this solution gravimetri­
cally. After standardization, use a
microburet to transfer sufficient silicate
solution to a 500-ml. volumetric flask
so that on dilution to the mark the
solution contains 0.0100 mg. of silicon
per ml.

MOLYBDATE SOLUTION. Dissolve 50.0
grams of ammonium molybdate, (NH4)6­
M070 24 ·4H20, in distilled water and
dilute to 500 ml.

BUFFER SOLUTION. Dissolve 53.5
grams of ammonium chloride and 70
ml. of concentrated ammonium hy­
droxide in distilled water and dilute to
1 liter. .

All chemicals were reagent grade and
all aqueous solutions were stored in
polyethylene bottles to avoid silica
contamination.

Recommended General Procedure.
Weigh, or measure by volume, a
sample containing up to 0.05 mg. of
silicon and treat it so that it is present
as soluble silicate.

Add 1.0 ml. of 1 to 1 hydrocWoric
acid and dilute to approximately 45 ml.
Add 2.0 ml. of 10% ammonium molyb­
date. Let stand for 5 minutes, dilute
to 50 mI., and let stand again for
another 5 minutes. The pH of this
solution should be approximately 1.4.

Transfer the solution to a 125-ml.
separatory funnel and add 7 ml. of
1 to 1 hydrochloric acid. Rinse the
emptied container with 20 mI. of 5 to 1
ethyl ether-I-pentanol extractant mix­
ture, transfer the rinsing to the sep­
aratory funnel, and swirl it with the
acidified aqueous solution for about 90
seconds. Withdraw the lower aqueous
phase into a 125-ml. Erlenmeyer flask
and transfer the organic extractant to
the original flask for temporary storage.
Pour the aqueous phase back into the
separatory funnel, rinse the .Erlen­
meyer flask with another 20 ml. of
extractant mixture, and add the rinsings
to the aqueous phase in the funnel.
Swirl the funnel for about 90 seconds,
withdraw and discard the lower aqueous
phase, and add to the funnel the first
portion of the extractant which had
been temporarily stored. Swirl the
funnel to collect the water droplets into
one globule and discard. Wash the
extractant three times with 25oml.
portions of 1 to 10 percWoric acid, first
using the first two portions of the acid
to rinse out the container that held the
first extractant portion, thus assuring
complete transfer of the extractant to
the funnel. Each washing consists of

swirling the funnel for about 45 seconds
and discarding the lower phase. Re­
move excess molybdate by washing the
extract with 1 to 10 perchloric acid.

Carefully wash the tip of the funnel
with a stream of distilled water to
assure complete removal of excess
molybdate ions. Transfer 30 mI. of
the ammonium chloride-ammonium hy­
droxide buffered solution to the funnel,
swirl for about 1 minute, and with­
draw the lower aqueous phase into a
IOO-ml. volumetric flask. Add another
15 ml. of the ammonium chloride-am­
monium hydroxide buffered solution to
the funnel, again swirl for 1 minute, and
add the lower phase to the flask con­
taining the first portion of the buffered
solution. Swirl the flask to collect all
of the remaining droplets of water.

Dilute the solution in the IOO-ml.
volumetric flask to the mark with
distilled water and mix well. The pH
of the final aqueous solutions should be
about 9. Let the solution stand for
30 to 60 minutes and then measure the
absorbance at 230 and/or 210 m.u
against a reagent blank in matched
1.000-cm. silica cells. Measurement at
230 m.u is recommended because of the
high absorbance of the reagent blank
solution at 210 m.u. Prepare the reagent
blank by following this same procedure,
but take distilled water, instead of an
aliquot of silicate solution, as a sample.
Refer the absorbance values to a stand­
ard calibration graph obtained by using
standard silicate solutions.

EFFECT OF SOLUTION VARIABLES

Silicon Concentration. Figure 1
shows the ultraviolet absorption spec­
trum of a solution containing the
molybdate resulting from the de­
composition of the molybdosilicic
acid. Silicate ions at the less than
I-p.p.m. level do not contribute to
the ultraviolet absorbance. Conform­
ity to Beer's law was observed for
0.02 to 0.5 p.p.m. of silicon. The
optimum concentration range was 0.06
to 0.5 p.p.m. of silicon at 230 m.u and
0.03 to 0.3 p.p.m. at 210 m.u based on
Ringbom plots. Figure 2 shows a
comparison of sensitivities when ab­
sorbance measurements are made at
230 and 210 m.u. This indirect ultra­
violet method is 2.5 and 4.5 times as
sensitive, when absorbance measure­
ments are made at 230 and 210 m.u, as
the heteropoly blue procedure of Boltz
and Mellon (1).
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Figure 2. Sensitivity of absorbance
measurements at 230 and 21 0 mJ.l

tration is extremely large compared
to the concentration of silicon that was
present. Errors less than ±3% of
the mean transmittance value were
considered negligible. The cations
tested were added as chlorides, per­
chlorates, or sulfates and the anions'

lution. The intermediate volume of
2.0 ml. of molybdate solution was
chosen as sufficient.

Extractant. An appropriate ex­
tractant should extract the molybdo­
silicic acid, should not extract the
excess molybdate required for com­
plete formation of the molybdosilicic
acid, should exhibit a cut-off wave­
length below 210 m,u, and should have
slight solubility in aqueous buffer
solution if exhibiting appreciable ab­
sorptivity in the lower ultraviolet region.
Wadelin and Mellon found chloroform
to be an effective diluent to minimize the
extraction of excess molybdate in the
extraction of molybdosphosphoric acid
with I-butanol and indicated that 1­
pentanol was an effective solvent for
molybdosilicic acid, 265 m,u being the
shortest usable wavelength (10).

Mter preliminary tests using various
solvents and diluents, it was concluded
that I-pentanol was the most efficient
solvent for molybdosilicic acid with
minimum extraction of the excess
molybdate, the addition of diethyl
ether as diluent diminished the solubility
of the I-pentanol in the aqueous buffer
solution to a tolerable level, and if the
ratio of diethyl ether to I-pentanol
exceeded 5 the efficiency of the extrac­
tion of molybdosilicic acid decreased.
Table I shows the diminution of the
absorbance of the reagent blank solution
as the relative amount of diethyl ether
in the extractant is increased. Thus,
the 5 to 1 diethyl ether-I-pentanol
mixture was selected as the appropriate
extractant.

On the basis of the data cited in
Table II, two extractions with 20-m!.
portions of the extractant were deemed
sufficient to ensure maximum recovery
of molybdosilicic acid. with a minimum
expenditure of time. The results given
in Table II are the average value of two
experiments.

Stability. The final aqueous buf­
fered solutions were stable for 24
hours, when solutions contained 0.08
and 0.40 p.p.m. of silicon. For
both silicon solutions there is a
slight increase in absorbance within
the first hour, but no change in the
I-hour and 24-hour values. Con­
formity to Beer's law was observed
for a series of solutions allowed to stand
for 8 weeks. These findings indicate
that the final buffered solution of
molybdate should be allowed to stand
at least 30 minutes and preferably 60
minutes before absorbance measure­
ments are made.

Diverse Ions. A study was made
to determine the permissible amounts
of various ions that may be present
without interfering with the deter­
mination of 0.2 p.p.m. of silicon. No
attempt was made to determine the
effects of ion concentrations larger
than 500 p.p.m., since this concen-

o 2L.,O,..,0--:!2L.,10~~2':-20:---2:-l3~0:--~2~4O:-0-:!-25~0

WAVELENGTH, m jJ

'"o
~1.0
m
a:
o
<n
m
eX

Table I. Effect of Diethyl Ether-1­
Pentanol Ratios on Absorbance of

Reagent Blanks

Ratio of diethyl A, at 230 miL
ether-l-pentanol (V8. H20)

0.10 0.699
0.25 0.597
0.67 0.469
1.00 0.432
1.50 0.367
2.33 0.319
4.00 0.240
5.00 0.135

Figure 1. Absorption spectrum of
molybdate extract

Buffer extract af molybdosilicic acid (0.5 p.p.m.
af Si) V$. reagent blank solution

2.0.-------------....,

Acidity Prior to Extraction. A pH
of 1 to 5 was found to be satisfactory
for the formation of molybdosilicic
acid (8). Previous investigations have
shown that molybdosilicic acid, once
formed in weakly acidic solution, is
stable in strongly acidified solutions (9).
The pH at which molybdosilicic acid
was formed in this work was about 1.4.

The effect of acidity of the molybdo­
silicic acid solution on the extent of
extraction by the 5 to 1 diethyl ether­
I-pentanol extractant was investigated
by using 0.1, 0.3, 0.5, 0.7, and l.ON
hydrochloric acid solutions. The ab­
sorbance readings at 230 m/-l for solu­
tions containing 0.4 p.p.m. of silicon
at these acidities were 0.155, 0.570,
0.790, 0.790, and 0.790, respectively.
Hence, maximum extraction is achieved
in the 0.5 to LON range, with 0.7N
being selected for the recommended
procedure. The effect of higher acid­
ities was not investigated.

Molybdate Concentration. By us­
ing 0.4 p.p.m. of silicon and 1.5,
2.0, and 2.5 ml. of the molybdate
solution per 50 ml. of solution,
absorbance values of 0.750, 0.755,
and 0.755 were obtained, with the
same volumes of molybdate solution
used in preparing the reference so-
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were added as ammonium; potassium,
or sodium salts. Table III 8ummarizes
the results of this study.

The interference of phosphate, arse­
nate, and iron(III) is an especially serious
limitation of the method. No attempts
were made to remove phosphate or
arsenate by a preliminary extraction
with ethyl acetate by the DeSesa and
Rogers method (4), or to circumvent
the deleterious effect of iron(III).

Although less than 100 p.p.m. of
either the fluoborate or the borate ion
exhibits negligible absorbance at 230
mfJ., the effect of these ions on the
specificity and efficiency of extraction
of molybdosilicic acid was not studied.
Therefore, their possible deleterious
effect on the extraction process would
have to be ascertained before this
method could be applied 1;0 samples in
which the solubilization of silicon had
been achieved by the fluoride method.

Reproducibility. An indication of
the precision of this procedure was
ascertained from the results of 12
samples, each containing 0.2 p.p.m.
of silicon. These samples gave mean
absorbance values of 0.392 and 0.792
at 230 and 210 mfJ., respectively. The
standard deviations were 0.006 ab­
sorbance unit, or a relative standard
deviation of 1.5%, at 230 mfJ.; and 0.012
absorbance unit, or a relative standard
deviation of 1.5%, at 210 mfJ.. In a
series of determinations, about 30
minutes is required for each deter­
mination.
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Visible Absorption Characteristics of the Bis-{2,9­
dimethyl-l,lO-phenanthroline)- and Bis-{4,4',6,6'­
tetramethyl-2,2'-bipyridine)-Copper(l) Ions

J. R. HAll, M. R. L1TIOW, and R. A. PLOWMAN

Chemistry Department, University of Queensland, Queensland, Australia

l> Spectrophotometric studies have in­
dicated that the absorbing species in
solution for the determination of copper
using 2,9-dimethyl-l,1O-phenanthroline
(dmp) and 4,4',6,6'-tetramethyl-2,2'­
bipyridine (tmb) are the bis complex
ions, [Cu(dmp)2] + and [Cu(tmbh] +,
respectively. Solutions of the pure
compounds, [Cu(ligandh]X where X =
CI, 8r, I, NOa, and Cl04, have spectral
characteristics in agreement with the
earlier studies. In gl~neral, however,
the solutions conform to) Beer's law only
when a large excess of the ligand is
added. Deviations from Beer's law
in the absence of excess ligand are
attributed to dissocicltion of the [Cu­
(Iigandh] X complexes to the corre­
sponding monochelate species. These
ligands coordinate to many transition
metals and their apparent specificity
for copper in extraction procedures is
probably due to c·omplexes of other
metals having wavE~lengths of maxi­
mum absorption well removed from the
Am3x values for the ,copper complexes,
or much lower molar absorptivities.

REPORTS have been published about
. the use of 2,9-dimethyl-l,l0-phe­
nanthroline (dmp; trivial name, neo­
euproine) for the determination of
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copper (8, 12). While the reagent is
regarded as specific for copper, it is not
well known that the ligand forms com­
plexes with a number of transition metal
ions. An analogous reagent, 4,4',6,6'­
tetramethyl-2,2'-bipy'ridine (tmb) , has
also been suggested for the determina··
tion of copper (9). This article de­
scribes the absorption behavior of solu­
tions of pure compounds containing the
bis(dmp)- and bis(tmb)-copper(I) ions
and reports that some complexes may be
found that interfere ",ith the determina­
tion of copper using these reagents.

EXPERIMENTAL

Apparatus. A Unicam SP500 spec­
trophotometer was used for the
absorption measurements. The wave­
length and absorbance scales were
checked against standard solutions,
data for which are available from the
U. S. Department of Commerce (11).

Reagents. The compounds Cu­
Xtmb, where X = CI and Br, and
[Cu(tmb)2]X, where X = NOa and
CI04, were prepared by reduction of
an aqueous solution of the correspond­
ing copper(II) complex with hydrazine
sulfate. The copper(II) complexes
were isolated by methods similar to
those previously described for the
analogous dmp complexes (6). CuItmb
was obtained by the reaction of Cu-

Cltmb with excess sodium iodide dis­
solved in acetone.

The compounds [CU(tmb)2]X.H20,
where X = CI and Br, were prepared:by
refluxing an ethanol solution of the
corresponding mono(tmb) complex and
tmb, while [Cu(tmb)2]I was formedi.by
adding cuprous iodide to an ethanol
solution of excess tmb.

The compounds MCl2tmb, when M
= Fe, Co, and Ni, were prepared by
addition of tmb to excess metal chloride
dissolved in methanol (for FeCb) or
ethanol (for CoCb and NiCh). ~

All the compounds were analyzed for
metal, carbon, hydrogen, and nitrogen.
The samples used for the absorption
experiments were analytically pure.

The solvents were Baker analyzed
reagent chloroform and Analar isoamyl
alcohol. The solutions were examined
in matched, stoppered i-em. cells.

RESULTS AND DISCUSSION

The procedure generally adopted )or
the determination of copper is to reduce
an aqueous solution of copper(II) to
copper(I), then add excess neocuproine,
and finally extract with isoamyl alcohol
(14) or chloroform (5). The extracts
show maximum absorption in the vhlible
at about 455 mil (molar absorptivity € =
7950 ± 100) and the absorbing species
has been determined spectrophoto­
metrically (14) to be [Cu(dmphJ+.



sorption characteristics of these com­
pounds in the solvents chloroform and
isoamyl alcohol and the effect of the
addition of excess tmb. The cWoro­
form solutions of the halide compounds
required the addition of a very large
excess of tmb (200 times the molar
concentration of the complex) before the
molar absorptivities reached the maxi­
mum values shown in the table. In all
other cases the excess tmb amounted to
12 times the concentration of the com­
plex. Figure 1 illustrates the visible
absorption curve of the [Cu(tmbhl+
ion at various concentrations.

Tmb behaves like dmp as a reagent
for copper(I). Isoamyl alcohol is the
better solvent for the pure compounds.
Only when excess tmb is present do the
solutions in general conform to Beer's
law (range studied, 1 to 10 p.p.m.) and
produce molar absorptivities approach­
ing the value 6800 reported in the litera­
ture (i3) . We have not recorded at any
time a value as high as 8100, which was
reported by Linnell and Manfredi (i0).
We repeated their extraction experiment
and obtained an average value of 6590
in isoamyl alcohol (6510 in CHCla).
The low values for solutions of the halide
compounds in the absence of excess
tmb are doubtless due to dissociation
to the CuXtmb mono complexes. The
substances CuXtmb, where X = CI,
Br, and I, have been prepared and
characterized. CuCltmb was shown
by freezing-point depression measure­
ments to be dimeric in camphor. Low
solubilities of the compounds in organic
solvents did not permit other determi­
nations to be made. In support of the
suggested dissociation

2[Cu(tmb)2]X ~ [CuXtmbJ, + 2tmb

we found that a chloroform solution' of
the compound [CuCltmbh absorbed
weakly at 454 m~ but on addition of a
large excess of tmb the yellow solution
became orange (Amax = 454 m~) and,
assuming complete conversion to the bis
complex, yielded an E value of 5710 at
that wavelength. The CuNOatmb and
CuCI04tmb complexes could not be
prepared. Attempts to do so always
resulted in the production of the bis
complexes. This negative result would
indicate that NOa- and Cl04- anions,
unlike the halide ions,are reluctant to

6180
5780
1100a

1850a

1310a

Visible Absorption Characteristics of [Cu(tmb)2]X Compounds
Chloroform Isoamyl alcohol

(Amsx = 454 mu) (Amax = 453 mu)
E (excess E (excess

tmb) tmb)
6300 6550 6700
6330 6600 6600
6000 6180a 6600
6100 5630a 6550
6230 5830a 6630

Table I.

Compound
[Cu(tmb)2N03

[Cu(tmb)21CI04
[Cu(tmb),] Cl. H20
[Cu(tmb)2] Br .H20
[Cu(tmb)21I

a Do not conform to Beer's law.

plexes of iron(II) have been isolated and
characterized (4).

Dmp coordinates to a variety of metal
ions, besides FeH , forming both mono
and bis complexes. Some of these
substances have relatively intense colors
and are capable of extraction into or­
ganic solvents. The apparent specific­
ity of this reagent for copper is probably
the result of other metal complexes
having wavelengths of maximum ab­
sorption well removed from 455 m~,

with relatively low E values. For ex­
ample, chloroform solutions of CoCh­
dmp and NiBr2dmp have Amax (E) equal
to 660 m~ (493) and 514 m~ (215),
respectively. Bis(chelate) complexes of
these metals have lower absorptivities
(about 50) and are unlikely to interfere
(3).

The analytical method for the deter­
mination of copper, using the reagent
4,4',6,6 - tetramethyl- 2,2' ~ bipyridine
(tmb) , depends on the measurement of
absorption at 455 m~ which, according
to spectrophotometric studies (i0), is
due to the [Cu(tmbhl+ ion. Tmb has
a sensitivity toward copper similar to
that of dmp, but its usefulness has not
been studied to the same extent. Com­
plexes of the type [Cu(tmbhlX, where
X = NOa, CI04, CI, Br, and I, have been
prepared. Table I summarizes the ab-

o ~35;::O~=C=~40tO~=....I..--47.5ho:---....L-=::::5~O~O===~~§§~55~O~~~::c=.::6::'OO~
Wavelength (fTJIJ)

Absorption curves of [Cu{tmb)2]NOs in isoamyl alcohol containing ex-
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Figure 1.
cess tmb

Complexes of the type [Cu(dmp)2 lX,
where X = NOa, Cl04, Cl, Br, and I and
2X = S04, have been isolated (6);
these compounds in isoamyl alcohol and
chloroform show Amax equal to 454 and
457 m~, respectively, in agreement with
the earlier work (5,14). We found that
isoamyl alcohol was the better solvent
for the pure compounds, since their
solutions conformed to Beer's law and
yielded E values about 7900. The
chloroform solutions on the other hand
conformed to Beer's law only when the
anion was nitrate or perchlorate. The
molar absorptivities obtained for chloro­
form solutions of the halides were very
low, decreasing with both age of the
solutions and dilution. However, the
addition of a sixfold excess of dmp
elevated E to 7900 and the solutions were
stable and conformed to Beer's law in
the range studied (1 to 12 p.p.m.). The
low E values in the absence of excess dmp
were explained (6) by the dissociation
of the bis complexes to the mono com­
plexes, CuXdmp.

One of the often reported advantages
of the use of dmp for copper analysis is
its alleged specificity for that metal.
This conclusion has been drawn after
tests which have shown that addition of
ions of other metals such as iron, nickel,
mercury, etc., even in large excess to the
copper present, causes no apparent
interference (8). While it is well known
that 1,10-phenanthroline readily co­
ordinates to metal ions (i)-for ex­
ample, iron(II) salts yield tris(chelate)
complexes which are intensely colored
(ferroin reaction)-the coordinating
ability of dmp has been little investi­
gated. Dmp when added to solutions
of iron(II) salts does not produce in­
tensely colored solutions (2, 7) and it
has been inferred that this molecule does
not form complexes with iron(II).
However, mono- and bis(dmp) com-
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E

67,71
254,486
144,12,32,

75

Table II. Visible Absc)rption Charac­
teristics of Some tmb-Metal Complexes

in Chloroform Solution

Compound Amax, miL

FeCbtmb 417, 445
CoCl,tmb 573, 653
NiCI.tmb 489, 610, 830,

975

form covalent bonds Vlith Cu+. If this
is so, the normal E values observed for
solutions of [Cu(tmb)~lNOa and [Cu­
(tmbhlCIO. are to be expected, since
the equilibrium between the complex
and its dissociation products must lie
predominantly in favor of the bis com­
plex. In these cases the positions of
the equilibria are little changed by the
mass action effect of excess tmb (see
Table I).

Tmb shows a negative ferroin reaction
(9, 13) and is reported not to complex
with iron(II). Our experiments indi­
cate that complexes with iron(II) are

formed. As for the dmp complexes of
iron(II) , these are pale yellow solids
and their solutions are noticeably
colored only when concentrated. It
appears that tmb is able to complex with
the transition metals generally. Table
II lists some of the compounds that have
been isolated and their spectral charac­
teristics in CHCla solution.

The suitability of tmb for the deter­
mination of copper in the presence of
other transition metals will depend upon
the Xmax values of their complexes and
the intensities of the solutions. Results
indicate that other metals will not
interfere because of either small E values
for the complexes or remoteness of re­
gions of maximum absorption from 454
miL ofthe [Cu(tmbhl+ ion, just as in the
case of dmp.
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Purity Examination of Silicon and Germanium
Halides by long-Path Infrared Spectrophotometry

MYRON J. RAND

Bell Telephone Laboratories, Inc., Allentown, Po.

t> The infrared absorption spectrum
of 1O-cm. liquid layers of silicon and
germanium tetrahalides is capable of
detecting many impurities in the 1- to
200-p.p.m. range. Dissolved gases
and volatile compounds, and especi­
ally organic contaminants, are seen
readily. The technique is also useful
for following the progress of purifica­
tion procedures. Typical long-path
spectra of liquid SiCI4, GeCl4, SiBr.,
and GeBr4 from 2 t() 15 microns are
shown, and method~; are given for
distinguishing impurity absorptions from
weak bands of the m(ltrix material. A
compilation of common impurities, with
absorption maxima, approximate ab­
sorptivities, and detection limits, is also
presented. Batches of supposedly
hyperpure "semiconductor grade"
halides from several suppliers show
significant differences. Atmospheric
moisture introduces hydroxyl groups
and such compounds as Si20CI6 so that
exposure is a source of oxygen con­
tamination, even if all the absorbed
water reacts with the halide.

"'rHE HALIDES of the Group IV metals
_ are now used extensively for the

p:roduction of the pure elements by
various reduction processes and for the
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preparation of pure oxides and pigments
by hydrolysis or burning. SiC4, Ge­
C4, and TiC4 are particularly impor­
tant, and the Si and Ge chlorides and
bromides are of interest in semiconduc­
tor technology not only for production of
the bulk metals but for epitaxial depo­
sition from the gas phase.

For all these uses the purity of the
halides is of paramount importance,
but these compounds are good solvents
for many gases and organic materials,
and they are powerful dehydrating
agents. Hydrolysis by atmospheric
moisture contaminates them with hy­
drogen halides and oxygen-bearing com­
pounds; the latter are particularly un­
welcome, since small amounts of oxygen
may seriously degrade the physical and
electrical properties of Group IV metals.

Little has been published on the de­
tection of impurities in the halides,
aside from conventional spectrochemical
techniques for foreign metals. It is the
purpose of the study reported here to
point out the wealth of information
obtainable from the infrared absorption
spectrum of deep liquid layers of Si
and Ge halides. Liquid sample thick­
nesses of more than 1 mm. are rarely
used in infrared work, since most ma­
terials would be virtually opaque over
most of the 2- to 25-micron analytical

range. The Group IV liquid halides,
however, are tetrahedral molecules with
quite simple spectra; even more impor­
tant, they contain no light atOlns, so
that all the fundamental absorptions
lie beyond 15 microns. Even the first
overtones and simple combinations
usually lie beyond 10 microns. Con­
sequently these compounds are quite
transparent in the 2- to 10-micron
range even in path lengths of many
centimeters. Organic compounds and
other volatile impurities which do have
strong absorptions in this range may
then be detected in concentrations as
low as 1 p.p.m. Halides from various
sources, all represented to be of the
highest purity-e.g., "semiconductor
grade"-have given spectra showing
significant differences. Often the exact
impurities may be identified with fair
confidence. The success of attempted
purification procedures may be fol­
lowed readily.

Only one compound, titanium tetra­
chloride. has been examined extensively
by the long-liquid-path technique (4,
15, 24, 32-35). It is evident from these
results, as well as from the present work,
that absorption maxima of contaminants
ordinarily shift very little upon solution
in the halide, generally 0 to 0.1 micron;
the same now seems true of the variation



SiCI., ealed. 1441 1458 1644 1830
obs. 1452 1643-56 1825

GeCl" ealed. 1078 1245 1302 1359
obs. 1084 1242 1305 1360

SiBr" ealed. 1111 985 1223 1461
obs. b 1224 1463

GeBr., caled. 766 797 889 981
obs.- 766 790 878? 970

TiCI" ealed. 1110 1274 1384 1495
obs." 1110 1258 1359 1478

" Masked by strong foreign absorption.
b The strong 21'3 absorption interferes.
c Refs. (15, 2.4).

was essentially that of _Clabaugh et al.
(4) followed by the silica gel treatment
of Theuerer (30). This latter was
omitted when the SiCI. was distilled
directly into the absorption cell, since
the spectrum showed that silica gel may
contribute impurities as well as remove
them.

In the figure captions, different code
letters indicate different manufacturers.

SPECTRA OF SI AND Ge HALIDES

The infrared spectra of SiCI. vapor
(28) and GeCI. vapor (17) have been
published. There are no reports on
the liquid phase, and no reports of
any kind on either SiBr. or GeBr•.
The strongest vapor absorptions of
all four compounds have been located
in earlier work in these laboratories, and
are given in Table I, along with the
fundamental vibrations known from
Raman spectra (7). Fmm the studies
cited, it is evident that the J'3(f2) vibra­
tion produces by far the strongest infra­
red absorption, and most of the other
strong bands of the spectrum are over­
tones or combinations of 1'3. The
highest frequency absorption ordinarily
visible in the vapor is 21'3, which lies
at these wavelengths: SiCr., 8.2 mi­
crons; SiBr4, 10.3; GeCr., 11.0; GeBr.,
15.2. With a lO-cm. liquid path this
absorption governs the useful working
limit, since from this region out through
lower frequencies the sample is opaque.

Some of the frequencies higher than
21'3 observed in .the long-liquid-path
spectra are due not to impurities but to
the matrix material itself; these are
combination and overtone frequencies
too feebly absorbinl!; to be seen under the
usual conditions of measurement. The
origin of such bands is indicated by two
pieces of evidence: their intensity
does not change when the sample is
distilled; and a single pattern of fre­
quency assignment accounts for them
in all of the Si and Ge halides studied,
and in TiCI. also. Table II lists certain
combinations, all involving 1'3, calculated
from the data of Table I. As shown,
in almost evp.ry case a persistent absorp­
tion band is ooserved very close to the
calculated frequency. Intensities vary,
but VI + 21'3 is generally the strongest.
In the spectra shown in this report,
absorption bands of the matrix ma­
terial are marked by a heavy dot.

absorption. A microsyringe is con­
venient for liquids, and gases are simply
bubbled slowly through the cell, in one
filler tube and out the other. Minimal
exposure to the atmosphere is essential.

With distillation, an absorption band
which is more prominent in the first
fraction evidently belongs to a more
volatile or gaseous impurity;' a less
volatile impurity concentrates in the
boiler residue. A band which is un­
changed by distillation probably belongs
to the halide itself, although there is
always the chance of an impurity with a
boiling point too close for significant
fractionation.

Table II. Absorptions in long liquid Paths
(Cm. -1)

v. + 21'3 21'1 + 1'3 1'1 + 21'3 31'3 21'S
1220

Opaque < 1310
906

Opaque < 980
974

Opaque < 1140
654

Opaque < 700
998

Opaque < 1050

EXPERIMENTAL

Most of the spectra were obtained on
a Beckman IR-4 spectrophotometer;
a few were observed also on a Perkin­
Elmer 421. Instrument settings and
operation were routine. For compara­
bility of spectra the reference beam
was attenuated to adjust the transmit­
tance to 90--95% in a region without
bands, usually 4.5 to 5 microns. A
compensating cell was not required.

The sample path length was 10 cm.
throughout. Cells were cut from 30­
mm. o.d. borosilicate tubing and pro­
vided near each end with a filler
tube with overflow bulb. The windows
were I-mm. sheet silver chloride, ce­
mented on with Araldite epoxy resin
(Ciba Co.). The usual NaCI or KEr
windows contain far too much water
for service with the Group IV halides
and are quickly coated with insoluble
hydrolysis products. Silver chloride
was always satisfactory except where
a sample contained some strong re­
ducing agent which stained the win­
dows with a silver film. In this
case windows of polished high-resistivity
germanium were used. Irtran-2 (East­
man Kodak Co.) also serves well.

The still was designed to avoid any
joint grease or rubber gaskets, since
these are attacked or dissolved by the
hot halide, with results evident in the
spectrum. The still was flushed con­
tinuously with dry nitrogen. The re­
ceiver was the cell itself, and provision
was made for rejection of a fore-run.

Where as-received electronic grade
SiCI. was further purified the method

Table I. Fundamental Vibrations of
Some Group IV Metal Halides

(Cm. -1)

in different halide solvents. Thus,
many of the existing data on impurity
absorptions in TiCr. are useful for Si
and Ge halides.

It is the intention of this report to
outline the method of examination and
to show typical results, rather than to
present complete qualitative and quan­
titative characterization of impurity
spectra. Calibration may be done
readily for any impurity considered im­
portant, but there are many likely con­
taminants, usually varying with the
history of the halide, the manufacturer,
and even the lot number. Furthermore,
absorptivities should be determined on
the same spectrophotometer to be used
in the analysis. Finally, for many
purposes almost any impurity is un­
desirable" and exact identification of an
unknown band (which may be laborious)
is of only secondary interest.

TiC4
(8,

SiC4 SiBr. GeC4 GeBr.13,
(7) (7) (7) (7) 21)

J'2(e) 150 90 132 80 120
1'.(/2) 221 137 172 112 140
~(a) 424 249 396 235 388
1'3(/2) 610 487 453 327 485
1'3, observed" 621 498 460 330

"For the gas phase. Other data are
for the liquid.

INTERPRETATION OF SPECTRA

In interpreting long-liquid-path spec­
tra it is considered that the general
transmittance level, as well as drifts
and minor fluctuations of this level with
wavelength, are all without analytical
significance. There is a long and un­
compensated path of high-refractive­
index liquid, bounded by windows of
high index and high reflectivity which
may not be exactly parallel; some devi­
ation of the beam, and some scattering
as well, are likely. A well defined ab­
sorption band departing from the neigh­
boring transmittance level is certainly
significant, however. The baseline level
becomes uncertain as oneapproaches the
region where the Si or Ge halides them­
selves absorb, since with lO-cm. sam­
ples there is strong absorption from the
wings of these bands.

The positive identification of an
unexpected impurity solely from the
infrared spectrum is usually not possible.
With some experience and some knowl­
edge of the history of the sample, how­
ever, certain recurring absorptions soon
take on identity. Two simple tech­
niques which have been very helpful are
distillation and deliberate contamina­
tion. In the latter the sample, in the
cell, is "doped" _with a contaminant
to observe the exact wavelength of the
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Figure 2. SiClfJ liquid, 10 em.

Sample M, as received
Sample M, purified
Sample M, purified and distilled into

cell
Sample M plus 0.39% Si,OCI,

included in Table II. It is suspected
that the 5.5 and 6.1 micron SiCr. bands
are partially masking the two strong
bands of phosgene (5.51, 6.05), a com­
mon impurity in samples made by chlo­
rination of the oxide. The 5.5 micron
SiCr. band also is almost certainly
masking the 5.43 band of Si20Ch,
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Absorption maxima (microns) and
their assignments follow: 2.22, un­
known, but associated with 2.70; 2.70,
hydroxyl group, nonhydrogen-bonded­
most probably Si(OH)CIg from hydrol­
ysis (2); 3.39, 3.50, HCI; 4.25, CO2 ;

4.35, unknown, has been observed in
several halides-strongest in distillation
forerun, probably a gas; 4.43, SiHCh;
6.44, CCr.; 6.48, Si20CI.-see below;
7.09, unknown.

Bands assigned to SiCI. itself are
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RESULTS

Figure 1 presents typical long-liquid­
path spectra for SiCI., and i~3 an example
of what can be learned about competing
samples, all supposedly "pure." Im­
purities observed, with an order-of­
magnitude estimate of concentration
in p.p.m., are: HCI, 50-250; CO2,

5-50; ,SiHCIg, 1000; Cel., 100; Si2

OCl6, 100-500; and either water or some
hydroxyl-containing nonorganic com­
pound.

53 4
MICRONS

Figure 4. SiClfJ liquid, 10 em.
Sample M, purified

-- Same, after several weeks' storage

8764 5
MICRONS

Figure 3. SiClfJ liquid, 10 em.
Sample M, as received
Sample M, purified
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Sample E, as received
Sample S, as received
Sample S, distilled into cell

the distilled sample, and is assigned to
SiCl. (or, less probable, CHCla). The
9.22-micron absorption in sample E is
due mostly to an all-but-invisible

. trace of amorphous silica on the cell
windows, since this cell had been used
for SiCl.. Windows are easily cleaned
by lapping with Linde A or other fine
abrasive, however.

Silicon Tetrabromide. Spectra be­
fore and after distillation of one
sample of SiBr, are shown in Figure 6.
Again the hydroxyl absorption (2.74
microns) is present; 3.81,3.98 microns
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Figure 6. SiBr., liquid, 10 em.

Sample A, as received
Same, distilled into cell
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Germanium Tetrachloride. Fig­
ure 5 shows long-path spectra of
"semiconductor grade" GeCI;s.
Again the sharp hydroxyl (2.75 mi­
crons), HCI, and CO2 absorptions
are seen. Sample E probably con­
tains phosgene (5.51 microns). There
is some structure around 6 microns
which could be a trace of water, or some
organic compound. Both as-received
samples contain some unknown im­
purity with absorptions at 6.93, 7.07
microns; G~OCl6 is a possibility. The
sharp band at 8.22 microns is weaker in

which is stronger than 6.48. This
compound arises from limited hydrolysis:

SiCl. + H20 --- Si(OH)Cla + HCl

Si(OH)Cla + SiCl. --- Si20Cl6 + HCI

Hexachlorodisiloxane, Si20CI6, is vola­
tile (b.p. 137 0 C.) and is a source of
oxygen contamination of silicon. To
confirm its presence the experiment
shown in Figure 2 was carried out: pure
Si20Cl6 was prepared (27) and added to
SiCl.. The result confirms the assign­
ment of 6.48-micron absorption to
Si20Cl6. The purification procedure
evidently removes most of it, probably
solely because of the distillation step.
The sample with no atmospheric ex­
posure had no 6.48-micron absorption.

Figure 3 demonstrates the monitoring
of the SiCI. purification procedure by the
infrared method. It ig seen that the
hydroxyl content and the unknown 4.35­
micron absorption are little affected;
HCI is much diminished; and virtually
complete removal of CO2, SiHCla,
Si20CI6, and several minor absorptions
has occurred.

Figure 4 shows the changes occurring
as SiCI. stands in a closed (but not
sealed-off) borosilicate glass container.
Hydroxyl, HCI, and CO2 have all in­
creased. Some 3.0-micron absorption
is attributed to hydrogen-bonded hy­
droxyl; this is seen in all the halides
after prolonged exposure, and is charac­
teristically broad and shallow.

Control tests in which traces of
liquid and gaseous water were added
confirmed the -OH and HCI assign­
ments. Even the minute amount of
CO2 added with the liquid water was
visible. No additional absorptions ap­
peared in the 5- to 6-micron range.
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Sample E. as received
Sample K, as received
Sample E, distilled into cell

pure compound has no absorption
in the 2- to lO-micron range and
deserves consideration as a solvent for
infrared work. It is not so sensitive
to hydrolysis as the other halides and
it is suspected that small amounts
of water can exist in equilibrium
with it. The broad, shallow 5- to 7­
micron absorption in as-received sample
E, with a sharp peak at 6.26, is believed
to be water. The addition of a drop or
two of BBra, a potent water-scavenger,
removes this absorption, as well as the
2.77-micron hydroxyl band.

There is little HBr. The persistent
band at 7.28 microns is presently as­
signed to CBr4(2va), which boils only
three degrees higher than GeBr4.

The infrared method reveals that
sample K, represented by the manu­
facturer to be of high purity, is in
actuality hopelessly contaminated with
organics. There is a heavy 3.35-micron
G-H band, many other high-frequency
bands, and almost total absorption
beyond 5.6 microns. Such a sample
would be a poor choice for growing epi­
taxial germanium.

Addenda. For the convenience of
those employing the long-liquid-path
infrared absorption technique, a sum­
mary of what is presently known
about impurity absorptions, qualita­
tively and quantitatively, is appended
in Table III. A complete literature
search for the spectra of the com­
pounds listed is incorporated in this
compilation. Some of the data are from
the TiCl. studies, believed valid for
Si and Ge halides also. Absorptivities
should be considered only approximate.
References are given throughout. It
will be obvious that as much art as
science must go into trace analysis by
infrared; but even if all the impurities
cannot be identified much will be
learned about a sample which would not

Refs. b

Tw
(25)
Tw; (4, 15, 24, 32-35)

(4, 15, 24, 32-35)
(24)
Tw; (24)

Tw
Tw; (4, 15, 24, 32-35)
(1,18,19,22,26)
Tw; (10)
(8,6,12,14,16,20,31)
(5,9,11,29)
(24,32-35)
(4, 15, 24, 32-35)

(23)
(4, 15, 24, 32-35)
(24)
(24,32-35)
(24)
(32-35)
(24)
(24,32-35)

(24,32-35)

1

2
3

0.2
1

10

1
100

0.05
2
5
5
2
3
0.5

25
100

3
1

40
150

Detection
limit,

p.p.m.

gested that the impurity is bromoform
(b.p. CHBra, 149°C; SiBr4, 153°C.).
The absorption at 5.61 microns may be
COBr2 (23).

Germanium Tetrabromide. GeBr4
spectra are shown in Figure 7. The

15
10

80

200
50

5

40
0.5

500
75
10
20
80
45

100
0.5
0.5

30
60
0.8
0.2

33

79

127

65
118
77
46
69

325
40

105

57
61

137

-84

-67
-78

-48
8

Impurity Absorption Bands in Group IV Metal Halides
,:Ten-cm. liquid path)

Absorp­
tivity,

wt. %-1
cm.-1

Table III.

are HBr. The sample is evidently
contaminated by some organic mate­
rial with the C-H bond (3.37 mi­
crons) which is difficult to separate
by distillation. Since its spectrum is
obviously unusually simple it is sug-

Impurity
-OH
C-H in haloforms
HCI

SOCb

HBr
CO2

P-H
SiHCIs
Si-H
Ge--H
COS
COCh

Si02

VOCIs

Absorption
B. P., maximum,a

o C. p.

:~. 70-2. 80c

8.28-2.35~

3.53
3.41
3.99
4.27-

(4.3)
4.43

(4.6)
(4.8)
4.89
5.51
6.05

(5.48)
5.54
6.44
6.57
7.04
7.69
7.93
7.95
8.21
808
4.06
8.18
8.24
8.98
5.43
6.49
9.2 Tw
9.66 100 0.5 (4,15,24,32-35)
4.84 0.5 50

a Values in parentheses are for the pure materials; it is not known whether any shift
occurs in solution.

b Tw = this work (absorptioll:l established by addition of known material;to'the halides).
c The addition of water gives a broad, shallow band near 3p., attributed to hydrogen-

bonded hydroxyl.
~ For most organic compounds the C-H absorption is usually given as 3.3-3.4p..
- Doublet under high resolution. .
Boiling points: SiCk, 57 0 C.; GeCk, 83 0 C.; SiBr" 153 0 C.; GeBr" 186 0 C.

SiCk
CHCla
Si20CI8
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be revealed easily by any other tech­
nique.
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Sensitive and Selective Spectrophotometric Reaction
for Determination of Trace Amounts of Calcium
MANOllTA HERRERO-LANCINAl and T. S. WESP

Chemistry Department, The University of Birmingham, Birmingham 75, England

~ The reagent Calcichrome, cyclo­
tris-7-(l-azo-8-hydroxynaphthalene-3,
6-disulfonic acid), provides a method
for the spectrophotometry of calcium
down to the O.l-p.p.m. level. At
pH 12 and 615 mJL the procedure has
a molar absorptivity of 7600. The
method may be applied in the presence
of the other alkaline earths-e.g.,
5000 JLg. of Ba +2..-with some reduc­
tion in sensitivity. Several hundred
micrograms of metals such as AI, Pb,
Zn, Co, Hg, and Cd do not interfere
under specified conditions, but Mg +2

and P04-3 interfere. The color sys­
tem develops within 15 to 20 minutes
and maintains an unchanged absorb­
ance for more than 24 hours. The
reagent solution is also stable.

A LTHOUGH many methods have been
proposed for the spectrophotomet­

ric determination of calcium, in general
the majority are subject to interference
from other ions, and are rather unstable
or not very sensitive when compared to
spectrophotometric procedures for the
determination of other metals. Sandell
(7) has recently reviewed and discussed
these methods. The oxalate procedure
is a very indirect one and is subject to
rather restrictive conditions. It is
dependent on initial complete separation

of calcium oxalate with minimum co­
precipitation of oxalate ion and it in­
volves a filtration or centrifugation step.
The chloroanilate method is less re­
strictive, but also involves filtration.
The most advantageous procedures so
far devised appear to be those based
on murexide (ammonium purpurate),
phthalein complexan (2,6-xylenol­
phthalein-a, a'-bisiminodiacetic acid),
and glyoxal bis(2-hydroxyanil).

The murexide method appears to be
applicable in the range 1 to 3 p.p.m. of
calcium, but a high concentration of
reagent must be used to ensure quanti­
tative formation of the calcium com­
plex. Unfortunately, the reagent is
unstable and ca. 50% decomposition
occurs over 4 hours at room temperature
at the pH of determination. Practically
all heavy metals interfere and the toler­
ance for strontium and barium is 1 and
5 p.p.m., respectively. Magnesium also
forms a color and >400 p.p.m. of
sulfate interfere. The results obtained
by the method appear to be somewhat
lacking in reproducibility, though a
more detailed and reliable method has
been reported (3, 5). The phthalein
complexan method is also nonselective
and the color system is unstable, so that
the absorption must be measured im­
mediately under carefully prescribed
conditions.

Undoubtedly the best reagent to date
appears to be glyoxal bis(2-hydroxyanil).
According to Williams and Wilson (9),
the method based on this reagent oper­
ates in the range 0.5 to 10 JLg. per ml.
The color system also lacks stability,
but when extracted into chloroform it
remains unchanged for 15 minutes.
Centrifuging of precipitate is required,
but removal of liquid is avoided by
extraction with chloroform and clarifica­
tion of the extract by centrifuging. The
color of the extract obeys Beer's law in
the range up to 10 JLg. (0.5 to 10 p.p.m.)
and the calibration curve appears to be
fairly reproducible, though it must be
checked whenever used. The informa­
tion about interferences is limited. Ten
times the concentration of magnesium,
or one tenth the amount of strontium or
of iron, does not interfere with the de­
termination of :s:; 10 JLg. of calcium.
Strontium gives a color with the reagent,
but the addition of carbonate is ap­
parently successful for amounts :s:; 1 to
10 ratio. Earlier papers on the use of
the reagent (4) state that in the presence
of carbonate ion, cobalt and nickel give
red precipitates with the reagent, and

1 On study leave from the University of
Zaragoza, Zaragoza, Spain.

2 Present address, Imperial College,
University of London, South Kensington,
London, S.W.7.
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When used as prescribed, this buffer
produced color solutions with a final
pH of 12.0. It is essential that the
pH be maintained at 12 and conse­
quently the buffer and its performance
should be cheeked periodically with a
pH meter.

Solutions for Examination of inter­
ferences. Barium, 1.5 X 1O-3M, pre­
pared from Johnson Matthey Spec­
pure barium carbonate. This solution
contains 200 p.g. of Ba+2 per ml.

Strontium, 2.3 X 1O-3M, prepared
from Specpure strontium carbonate.
This solution contains 200 p.g. of Sr+2

per m!.
Other Cations. 1O-311rf solutions of

zinc sulfate, cadmium sulfate, copper
sulfate, magnesium sulfate, aluminum
sulfate, lead nitrate, mercury(II) ni­
trate, and cobalt nitrate.

Anion Solutions. potassium cyanide
(1%) in water, 1% sodium sulfide in
water, etc.

Apparatus. Unicam SP. 600 spec­
trophotometer and Hilger & Watts
Uvispek with 4-cm. cuvettes. The
spectra shown in Figures 1 and 2
were measured on a Hilger Ultrascan
automatic recording spectrophotom­
eter in 4-cm. cells.

Procedure. CALIBRATION CURVE,
10 to 70 p.g. of Ca+2. Aliquots (2.5 to
17.5 m!.) of 1O-4M calcium solution were
pipetted into 100-ml. standard flasks
plus 10 m!. of pH 12 buffer solution,
followed by 10 ml. of 1O-3M Calci­
chrome reagent solution. The con­
tents of the flasks were then diluted to
100 m!. A blank solution containing
the standard amounts of buffer and
reagent only was prepared simultane­
ously and all solutions were allowed to
stand for 1 hour. The absorption of
the blank solution was then measured
in turn against zero absorbance set on
each of the calcium-containing solu­
tions in 4-cm. cuvettes at 615 mp' in
the spectrophotometer. The calibra­
tion curve is a straight line from 10 to
70 p.g. of Ca +2 with the absorbance
ranging from 0.075 to 0.535.

CALIBRATION CURVE, 2 to 10 p.g. of
Ca +2. Aliquots of 1O-4M calcium solu­
tion containing from 2 to 10 p.g. of Ca +2
were treated in 25-ml. flasks with 2 m!.
of pH 12 buffer and 2 ml. of 1O-3M
Calcichrome and diluted to 25 m!.
The solutions were then allowed to
stand for 1 hour and measured at 615
mp' in 4-cm. cuvettes as described
above. The absorbance ranges from
0.Q75 to 0.290.

DETERMINATION OF UNKNOWN CAL­
CIUM SOLUTIONS. The procedure ap­
propriate to the ranges 2 to 10 or 10
to 70 p.g. of calcium is used. When
other metals are known to be present,
the calibration curve should be drawn
up with an approximately equivalent
amount of that element present in the
blank and calibration solutions. If
the metal is one such as Co, Cd, or
Cu, which is likely to precipitate out
at pH 12, sufficient KCN should be
added before the buffer and reagent
throughout the procedure. It is also
appropriate to check the pH of the
solutions for rise of pH when appreciable
amounts of cyanide are used.

700600soo

which, with the azo nitrogens, form
a clathrate network or chelate cage
into which only ions of a certain
size may fit. Thus, within the alkaline
earth group, while chemical affinity
doubtless has its role, there can be little
doubt that the decisive factor which
allows calcium to react, but not barium
and strontium, is the ionic radii of the
ions concerned. For n = 6 these are
Ca+2,0.99A.; Sr+2,1.12A.; and Ba+2,
1.34 A. Beyond this group, other ions
which might fit into the reagent are
bound as anionic complexes or are in­
soluble at pH ~ 12 (8). Several other
ions react with the reagent at pH 10,
but the reaction is restricted to calcium
at pH ~ 12.

In view of the need for a sensitive and
selective reagent capable of producing
stable colors with calcium, it was decided
to apply the above reagent to its spec­
trophotometric determination.

EXPERIMENTAL

Reagents. 1O-3M Calcichrome,
0.5916 gram of the sodium salt per
liter of distilled water. The solid
dissolves readily with efficient stir­
ring and is stable in solution. The
reagent was prepared as described
(2). It is available commercially from
Burdick-Jackson Laboratories, 1953
South Harvey St., Muskegon, Mich.

1O-4M Calcium, prepared by dilution
of a 1O-1M calcium solution. [The
latter was prepared by dissolving
10.009 grams of CaC03 (AR) (analytical
reagent grade) in the minimum amount
of hydrochloric acid (AR) and diluting
with distilled water to 1 liter.] This
solution contains 4 p.g. of Ca +2 per m!.

pH 12 Buffer, 3.002 grams of glycine
(AR) + 2.34 grams of NaCI (AR) in
500 m!. of water. This solution is
then mixed with 3.0 grams of NaOH
dissolved in 500 ml. of distilled water.

400 mj{

Figure 1. Absorption spectra of Calcichrome and alkaline earth
complexes

A. Calcium camplex. 10 mi. of 10 -3M Ca+3 + 10 mi. of 10 -3M Calcichrome
+ 10 ml. of pH 12 buffer per 100 mi., 4-cm. cuvettes

8. Calcichrome. Same as A, but without Ca+2

copper and cadmium form colored com­
plexes; only the cadmium complex is
extracted into chloroform.

A highly selective colorimetric reagent
for ealcium, cyclotris-7-(1-azo-8-hy­
droxynaphthalene-3,6-disulfonic acid)
(Calcichrome), has been synthesized and
examined by Close and West (2). It
was reported that, qualitatively at pH
12 to 13, of some 37 cations examined
only calcium produced a soluble colored
product with the reagent. Magnesium,
strontium, and barium did not produce
colors. The reagent was 'Used at pH 12
for the complexometric titration of
calcium in the presence of Holuble barium
with trans-1,2-diaminocyclohexane-N,­
N,N ',N"-tetraacetic acid as titrant.
In addition, it was used as a spot test
at a dilution limit of 1 to 1,000,000.
The interference of heavy metal hy­
droxides, which tend to adsorb reagent,
was prevented by addition of sulfide ion.

At this time, the exact structure of the
reagent is not finally decided, but it is
thought to be:

Work is now in progress to establish
the eX8,et identity of the molecule by
synthetic and degradative techniques,
and 'will be reported in a subsequent
commwlication. The unusual selec­
tivity of this hydroxyazo compound
may, according to our present infor­
mation, be attributed to the cyclic
arrangement of the o-hydroxyl groups
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1 hour in all subsequent determinations,
although it is apparent that the time
factor is not critical. Solutions allowed
to stand in open cuvettes absorb
atmospheric carbon dioxide and de­
crease in pH and in absorbance ac­
cordingly. This effect becomes ap­
parent with open cuvettes after 15 to
20 minutes.

Initial experiments were carried out
with 1O-3M solutions of calcium and
Calcichrome, thus obtaining calibration
curves with l-cm. cuvettes in the range
up to 400 p.g. of Ca +2. Subsequently,
similar experiments were performed
with 10-4111 solutions, thus obtaining
straight-line calibration curves with
4-cm. cuvettes in the ranges 2 to 10 and
10 to 70 p.g.

To obtain a good positive slope on the
calibration curves it is best to employ a
large excess of the reagent. Thus for 10
to 70 p.g. of calcium (up to 1.75 X 10-3

meq.), 10 ml. of 1O-3J[ Calcichrome
solution (1 X 10-2 mmole) were used.
This produced solutions with absorbance
ranging from 0.075 (10 }J.g.) to 0.535 (70
}J.g.) when the solution was diluted to
100 ml. and measurements were made in
cuvettes at 615 m}J. by the process indi­
cated. The molar absorptivity is
E6l5tn" = 7600, or E51Otn" = 4500. Ac­
cording to the terminology of Sandell
(6), this represents a sensitivity index of
0.005 p.g. of Ca +2 per sq. cm. at 615 mp',
or 0.009 }J.g. of Ca +2 per sq. cm. at 510
mp' (Figure 3).

The reagent solution was stable and
the calibration curves were reproducible
from day to day and with different
preparations of reagent solution.

Effect of Foreign Ions. Since it
had been established qualitatively
(2) that a wide range of foreign cations
do not form colored products with the
reagent or interfere in any way with the

Figure 3.

/0

10 to 70 p.g. of Ca+2 by recommended procedure at 615 mp.
10 to 70 p.g. of Ca+2 by recommended procedure at 510 mp.
10 to 70 p.g. of Ca+2 in presence of 470 p.g. of AI+3 at 615 mp.

(reagent blank)
D. Like C, but measured against reagent blank containing 470 p.g. of AI+3

700600

tions in pH obtained with sodium hy­
droxide alop.e affected the reproduci­
bility of the method from day to day.

The wavelength of maximum ab­
sorption of the calcium complex of the
reagent lies at 520 to 530 mp' at pH 12
and at 540 mp' at pH 11, while that of
the reagent is at 615 and 610 mp.,
respectively. From the data obtained
(Figure 1) it is obvious that the forma­
tion of the complex may be measured
positively at 510 mp' or three to four
times more sensitively at 615 mp' by
following the decrease in the absorption
band due to the reagent. The calcium
complex also exhibits an intense peak in
the ultraviolet region at 299 mp' (pH 12)
or 300 mp' (pH 11), while the reagent
shows a strong band at 310 mp' at both
pH values. However, no advantage
may be gained by measuring the com­
plex in this region because of the high
background absorption. To obtain pos­
itive readings for the calibration curve
at 615 mp' the normal measurement
process of spectrophotometry was re­
versed-i.e., the blank solution was
measured against zero absorbance set
with the test solution in each case.

The stability of the color system was
then examined by preparing a solution
of the calcium complex under normal
conditions of determination, and meas­
uring its absorption against the reagent
solution over a period of several hours,
taking due precaution against absorp­
tion of carbon dioxide. This study re­
vealed that the color system had de­
veloped quantitatively within 15 to 20
minutes and thereafter maintained an
unchanged absorption for 24 hours.
For the sake of uniformity, the color
system was always allowed to stand for

soo400

Absorption spectra of Calcichrome and alkaline earth A.
B.
C.

Figure 2.
complexes

A. Caleium complex as in Figure 1 A
B. Caleichrome + strontium. 2000 p.g. of Sr+2 + 10 mi. of 10 -3M Caleichrome

+ 10 mi. of pH 12 buffer per 100 mI., 4-cm. cuvelles
C. Caleichrome. As in B, but without Sr
D. Caleichrome + barium. As in B, but with 2000 p.g. of Ba+2 in place of Sr+2

DISCUSSION AND RESULTS

The optimum pH conditions for ap­
plying the reagent to the determination
of calcium in pure solution were first
established by adding varying amounts
of sodium hydroxide to a solution of
calcium and the dyestuff and measuring
the pH with a pH meter following ab­
sorption measurements at the wave­
length of maximum absorption. These
studies revealed that the maximum
sensitivity was obtained at pH 12.
When the method was placed on a
routine basis subsequently, it was found
preferable to replace the sodium hy­
droxide solution with a glycine-sodium
hydroxide buffer at pH 12, since varia-

Calibration curves with more positive
slope and a wider range may be obtained
by using larger amounts of reagent
solution-e.g., 15 or 20 ml. of 1O-3M
Calcichrome. The procedure mentioned
here is designed for the average small
spectrophotometer used in routine labo­
ratories-the Unicam S.P. 600 is suffi­
ciently sensitive to cope with 15 ml. of
1O-3M Calcichrome per 100 mI., but not
with 20 mI.

Where KCN is used, it must be added
bef01e the buffer and reagent. It is also
important to add buffer before reagent
when the method is applied generally.

If the spectrophotometer used oper­
ates its check control via slit adjust­
ment rather than electronically, a
slightly sigmoid-shaped calibration
curve may be obtained because of the
slightly different width of the spectrum
scanned over the range of measure­
ments. We ourselves have not ob­
served this phenomenon.
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400 to 600 J.lg. of the previous metals,
but that for strontium shows some
divergence. This is not apparently due
to the calcium content of the strontium
carbonate used (1 p.p.m. of Ca), since
the barium carbonate had a higher
calcium content (2 p.p.m. of Ca). How­
ever, these graphs show clearly that it is
possible to determine calcium in the
presence of large amounts of barium or
strontium without resort to separation,
extraction, or masking.

The addition of large amounts of
magnesium is detrimental, however.
When magnesium is incorporated in the
blank, a straight-line graph through the
origin is obtained, but its gradient is low
and its analytical value is probably very
small. There is little doubt that the
magnesium interferes by coprecipitating
calcium and probably Calcichrome also.
Small amounts of Mg+2 ions-e.g., 25
J.lg.-caused high results, but the correct
Ca+2 recovery was obtained when simi­
lar amounts of Mg+2 were incorporated
in the blank.

Finally, the effect of a few selected
anions was examined. Calibration
curves for 10 to 70 J.lg. of calcium were
obtained in the presence of 4800 J.lg. of
S04-2, 1300 J.lg. of S-2, 3300 p.g. of F-,
and 5300 J.lg. of CN-, as described for
the cations. The same electrolyte effect
was noted, and when similar amounts
were incorporated in the blank solution,
the results were virtually identical in all
cases, and with those obtained pre­
viously with AI, Pb, Cd, Cu, etc. For
example, the curve for calcium in the
presence of 3300 J.lg. of F- is exactly
superimposed on the curve obtained
with 2000 J.lg. of Ba+2. Studies with
4700 J.lg. of P04-3 yielded considerable
interference. A straight-line calibration
curve was obtained, but the gradient is
too low to be of any analytical signifi­
cance. Small amounts of phosphate
« 100 J.lg.) cause somewhat low results,
which may be acceptable in many cases.

These experiments reveal Calcichrome
to be a sensitive and highly selective
spectrophotometric reagent for the
determination of calcium in the range
2 to 70 J.lg.-i.e., 0.1 to 4 p.p.m. It iE,
however, subject to an electrolyte effect
which may reduce the sensitivity by
45 to 50%. The only serious inter­
ferences encountered were due to

-._-----

60

20

f(9.Cg 4020

40 60
mg,l'hCI

Figure 4. Effect of added electrolyte on sensitivity of color reaction

40 J.lg. of Ca+2 + 15 mi. of 10 -3 M Calcichrome + 10 mi. of pH 12 buffer + mg. of NaCI
per 100 mI., 4-cm. cuvettes at 51 0 mJ.l

0·/

0·5

Figure 5. Calibration curves in pres­
ence of barium and strontium

A. Calcium by recommended procedure (rea­
gent blank) at 615 mJ.l at pH 12, 4-cm.
cuvettes

8. Like A, in presence of 2000 J.lg. of Sa +2
(reagent + 2000 J.lg. of 8a +2 blank)

C. Like A in presence of 2000 J.lg. of Sr +2
(reagent + 2000 J.lg. of Sr+2 blank)

in solution-it should be added before
the reagent and buffer.

The effect of barium and strontium is
of particular interest, since the determi­
nation of trace amounts of calcium in
their presence is of the utmost impor­
tance. In this instance the amount of
these metals added was extended from
200 to 5000 J.lg. This spectrophoto­
metric study showed that at 615 mJ.l, and
to a lesser extent at 510 mJ.l, these ions
give a slight positive reaction, but the
effect of 200, 2000, and 5000 J.lg. is by no
means proportionate. It is indeeddoubt­
ful that a colored complex is formed
with barium or strontium, and even so,
the compounds formed have a near­
negligible molar absorptivity at any
known wavelength.

Figure 2 shows the absorption spectra
of the reagent in the presence of 2000
J.lg. of Sr and Ba and 400 J.lg. of calcium.
This graph illustrates the nonreactive
depressant action of barium and the
slight positive effect of strontium when
present in large amounts. The over-all
effect of the large amount of strontium
is to broaden out the reagent band at
530 to 630 mJ.l. Figure 5 shows the
calibration curves obtained for calcium
in the range 10 to 70 J.lg. when 2000 J.lg.
of Ba+2 or Sr+2 were present, and when
measurement was made against a blank
containing a similar amount of the ap­
propriate ion. The barium curve is
closely similar to that obtained with

calcium chelate except in some cases
where precipitation occurs, only a few
typical cations were examined in these
studies: aluminum, cadmium, cobalt,
copper, lead, mercury(II), zinc, barium,
strontium, and magnesium. In these
experiments with the first-mentioned
seven metals, the effect of the addition
of 400 to 600 J.lg. of each was tested on
the recovery of 30 to 50 J.lg. of calcium.
Potassium cyanide was added when
Cd, Co, Cu, and Hg(II) were examined
to prevent their precipitation, but none
was necessary where aluminum, zinc,
and lead were involved, since these are
soluble at pH 12. The results obtained
in all cases were almost identical, but the
absorbance was lower than the value
predicted by the calibration curve.
When a blank solution containing the
foreign ion, but no calcium, was pre­
pared and employed in the usual way,
the straight-line graphs obtained were
identical in all cases and passed through
the origin (Figure 3). At 615 mJ.l in the
presence of these ions the molar absorp­
tivity was reduced from E615mp = 7600 to
4700.

It was apparent from these results
that while none of these ions interfered
by producing colored complexes with
the reagent, or by preventing color for­
mation with calcium when present in
10- to 20-fold amounts, they did reduce
the sensitivity of the color reaction.
The curves for calcium obtained in their
presence were virtually identical in all
cases when measured ll,gainst a blank
containing the same amount of the
foreign ion. A similar effect is obtained
by adding varying amounts of an in­
different univalent-univalent electrolyte
such as sodium chloride.

Figure 4 shows the effect produced by
determining 40 J.lg. of calcium against a
reagent blank in the presence of 0 to
100 mg. of sodium chloride in a final
volume of 100 ml. This measurement
was made at 510 mJ.l, corresponding to
direct formation of the red calcium com­
plex, rather than at 615 mJ.l as for
analytical measurements, and with 15
ml. of 1O-3M reagent solution in­
stead of the usual 10 ml. The value of
E610 mP decreases from 5200 in a medium
of ionic strength J.l '" 0.01 to 2800 at
J.l "" 0.03. Accordin!~ly, when calcium
is to be determined i.n the presence of
any of the above metals (and presum­
ably many others), a roughly similar
amount should be incorporated in the
blank and standard solutions used to
prepare the calibration curve to com­
pensate for this electrolyte effect. As
will be seen from Figure 4, the amount
used is not very criti'3al. An alternative
procedure could probably be devised
by incorporating indifferent electrolyte
in the buffer or reagent solutions.
Finally, where cyanide addition is
necessary-e.g., in the presence of Cu,
Co, or Cd, where the ions must be held
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magnesium and phosphate. Several
hundred fold amounts of other ions may
be tolerated, provided account is taken
of the electrolyte effect thus introduced
when the calibration curves are drawn
up. The reagent is stable and the color
formation is rapid and is also stable for
24 hours, when protected against atmos­
pheric carbon dioxide.

The calcium complex of the reagent is
apparently not a very strong one, be­
cause (a) the electrolyte effect is appreci­
able, (b) it can readily be broken down
by EDTA, and (c) a large excess of rea­
gent is necessary to ensure maximum
color formation. In the recommended
procedure when 10 mI. of 1O-3M reagent
is used E510ml' =4500, with 15 mI. of rea­
gent E510ml' = 5200, and with 20 ml.
E510m}L = 5900. Against the increased
sensitivity, however, must be set the high
resultant background absorption of such
a large excess of reagent. The range
of the method may be extended con­
siderably beyond 70 }Lg. by such methods
and can be taken up to 120 }Lg., but the
recommended procedure is felt to be a
reasonable compromise between the two
considerations involved.

In applying the procedure to the
determination of calcium in various
substances, the electrolyte level should
be kept to a minimum. Thus, for
example, calcium in an organic matrix
would best be brought into solution by

an oxygen flask combustion, as has been
demonstrated previously (1), rather
than by a wet digestion process with
subsequent neutralization, etc.

The reagent is applicable in the pres­
ence of large amounts of masking agents
such as cyanide and fluoride, and con­
sequently should be applicable to much
larger amounts of interfering ions than
were examined in this study, though
large amounts of metals such as iron
(III), which are difficult to maintain in
solution at pH 12 even with masking
agents, would probably have to be
separated. When calcium is being de­
termined in the presence of SrH and
Ba+2, difficulty may arise in obtaining
a calcium-free salt for incorporation in
the blank and calibration solutions.
Under these circumstances, and indeed
generally, the method of standard addi­
tion of pure calcium to the test solution
should prove a successful and convenient
alternative, provided that the total
calcium still lies within the Beer's law
range.

Both murexide (EOO6ml' ~ 10,000) and
glyoxal bis-(2-hydroxyanil) (E535ml' =
15,000 to 16,000) are more sensitive
than Calcichrome (E615ml' = 7600), but
both these reagents and their calcium
complexes are very unstable. Calci­
chrome also has a very much higher
toleration for strontium and, probably,
most other metals.
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Simultaneous .Determination of Niobium and Tantalum
by Neutron Activation Using Niobium-94m and
Tantalum-182m and Rapid Radiochemical Separations

CHONG K. KIM! and W. WAYNE MEINKE2

Deportment of Chemistry, University of Michigan, Ann Arbor, Mich.

t> The niobium and tantalum content
of rocks, graphite, and stainless steel
samples has been determined by
thermal neutron activation analysis
with a 10-minute irradiation of sam­
ples in a neutron flux of 1012 n cm.- 2

second-I. Niobium and tantalum were
separated simultaneously, followed by
an extraction of niobium-free tan­
talum with 1-pentanol (n-amyl alcohol).
The entire radiochemical separation
was completed in less than 10 minutes.
The radioactivity and half life of the
chemically separated niobium-94m and
tantalum-182m were determined by
gamma spectrometry. In practice,
microgram amounts of niobium and
tantalum can be determined simul­
taneously in 30 minutes by this method.

T HE ELEMENTS tantalum and
niobium occur together in nature

and have close chemical properties.
Thus it is a difficult problem to separate
tantalum from niobium quantitatively,
and to determine the exact amount of
tantalum and niobium in a sample.
Among the many methods currently
used for the analysis of these elements,
the colorimetric procedure appears to
be simple, rapid, and fairly sensitive
(3, 16). However, this method requires
effective means of separating niobium
and tantalum from interfering iron,
titanium, molybdenum, tungsten, and
other elements. The clean separation of
niobium from tantalum is also difficult
and lengthy. Moreover, corrections for
reagent blanks become appreciable at
low concentrations.

Determination by activation analysis
of tantalum in the G-l and W-l
"standard" rock samples of the U. S.
Geological Survey was carried out by
Morris and Olya in 1960 (14), and
Atkins and Smales in 1960 (1) using the
long-lived tantalum-182. No work,
however, has been reported to date on
the niobium in this sample or of the use
of short-lived tantalum-182m in neutron
activation analysis.

The simultaneous determination of
niobium and tantalum by thermal

1 On leave from Atomic Energy Re­
search Institute, Seoul, Korea. Present
address, Department of Nuclear Engineer­
ing, University of Maryland.

S Present address, Analytical Chemistry
Division, National Bureau of Standards,
Washington, D. C.
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Table I. Activatio!,! Analysis of G-l Rock Sample for Niobium and Tantalum4

Table II. Activation Ancllysis of NBS-446 Stainless Steel and Graphite Sample
for Niobium and Tantalum

a known weight of niobium oxide
powder and tantalum foil in 48% rea­
gent grade hydrofluoric acid and diluting
with 1% by weight oxalic acid solution
to give comparative standard solutions
of 70 f.lg. of niobium per m!. and 98.2
f.lg. of tantalum per m!. in a final con­
centration of 1M hydrofluoric acid.

Sample Irradiations. U. S. Geo­
logical Survey rock sample, G-l
(powdered) ; National Bureau of
Standards, sample No. 446; Spectro­
graphic stainless steel; and Spex
Industries Corp., Scotchplains, N. J.,
spectroscopic graphite powder No.
1002 in which 43 different elements
are contained, were used.

The powder samples were weighed
and transferred into polyethylene cap­
sules. These capsules were then posi­
tioned inside the rabbit and irradiated
along with standard gold foil flux
monitors.

Procedure. Place a known amount
of niobium-95 tracer, 10 mg. of nio­
bium carrier, and an exact amount of
tantalum carrier (4.0 mg. in this
experiment) in a platinum crucible
and evaporate to dryness. Drop the
irradiated sample into the crucible
and fuse it with 2 to 3 grams of
potassium bifluoride for two minutes.
Cool the outside of the crucible by
dipping into water while manipulating
to solidify the melt in a thin layer.
Dissolve the melt by adding 3 to 4 m!.
of concentrated sulfuric acid and 1 m!.
of 48% hydrofluoric acid, and dilute
with water to make a total volume of
about 20 m!. Transfer to 'a 50-m!.
Boston round bottle containing 10 m!.
of n-amyl alcohol and shake in a me­
chanical shaker for 1 minute. Transfer
the solution to a 100-m!. separatory
funnel, draw off the aqueous layer (A)
and set aside. Wash the remaining
organic layer twice with lO-m!. portions
of a solution 1.2N in hydrofluoric acid
and 2N in sulfuric acid and discard the
washing. Transfer the organic portion
to a 125-m!. wide mouth Erlenmeyer
flask and count Ta192m activity in the
scintillation spectrometer.

Pour the aqueous solution (A) into a
400-m!. beaker containing a boiling
solution of 20-m!. of concentrated nitric
acid and maintain boiling for two
minutes. Add 2 grams of boric acid
powder to the boiling mixture. Collect
the precipitate on glass fiber filter
paper in filter chimney and mount on a
counting card for Nb 94m activity meas­
urement.

Determine chemical yield of niobium
by area under the 0.76-m.e.v. Nb95

photopeak. Determine tantalum re­
covery by reirradiation of the organic
tantalum extracts and comparison of
resulting tantalum activity with that
from a I-m!. sample of tantalum stand­
ard.

For the stainless steel and graphite
samples, use a sodium peroxide fusion
(9) in a zirconium crucible. Dissolve
the melt in 15 m!. of water and acidify
with 30 m!. of concentrated nitric acid.
Heat the solution to boiling and add 0.5
gram of potassium perchlorate powder
in small portions, boiling for a few
seconds after each addition. Cen-

Ta

undetectableb

undetectableb

undetectableb

undetectableb

undetectableb

undetectableb

Value reported
by others, %

Nb Ta

0.6 ",0.03

Level of Nb and Ta in
sample, p.p.m.

83
61
62
67
54
60

400 channel pulse height analyzer.
This equipment has been described in
detail elsewhere (11, 12).

Burrell mechanical shaker.
Filter paper-glass fiber, Type A,

Gelman Instrument Co., Chelsea, Mich.
Reagents. Tantalum foil, 0.00025

inch thick, Ethicon Suture Labora­
tories, New Brunswick, N. J.

Niobium oxide powder, high purity,
Fansteel Metallurgical Corp., North
Chicago, Ill.

n-Amyl alcohol, analytical reagent
grade, Bakel' and Adamson.

Potassium bifluoride powder, Merck
and Co.

Sodium peroxide, granular, reagent
grade, Baker and Adamson.

All other chemicals were of analytical
reagent grade.

The niobium-95 radioactive tracer
was purchased from Oak Ridge Na­
tional Laboratory.

Standard solutions of niobium and
tantalum were prepared by dissolving

Level of Nb and
Ta in sample, %
Nb Ta

0.52 0.015
0.60 0.018
0.61 0.012
0.58 ± 0.015 ±

0.05 0.003a

Nb Ta

Ta Ta Ta
28 0.010 0.01
32 0.008
25 0.012

Av. 0.01 ±
0.002a

21.4
40.7
34
50
15
30

Yield of radiochemical
separation, %

Yield of
radiochemical
sepb.ration, %
Nb Ta

16 40
13 40
4.4 17

Av.

0.2286
0.3238
0.3549
0.5259
0.3121
0.5189

Wt. of
sample, gram

Wt. of
sample,

gram

0.0670
0.0761
0.05925

0.0647
0.1121
0.0948

6

1
2
<.
U

4

Nb

31
32
30
35
30
36

Av. = 32 ± 3·

a Value reported in literature is 5 to 8 p.p.m. niobium and 1.33 to 5 p.p.m. tantalum (5).
b Below 10 p.p.m.
• Standard deviation.

Sample
G-l U. S.

Geol.
Survey

neutron activation of short-lived nio­
bium-94m and tantalum-182m should
give not only a rapid analysis but also a
more sensitive detection of these two
elements than the colorimetric
technique.

EXPERIMENTAL

Apparatus. Samples were irradi­
ated in polyethylene snap-type
"rabbits" in the pneumatic tube
system of the Ford Nuclear Reactor
of the University of :.\iichigan. This
system permits irradiations at thermal
neutron fluxes of about 1012 n cm.-2

second-1 (when the reactor is operat­
ing at full power of 1 Mw.) and de­
livery to a hood in the neighboring
Michigan Memorial Phoenix Labora­
tory within 3 seconds after irradiation.
Samples were then processed chemically
and were measured by a 3-inch X 3-inch
NaI(TI) crystal coupled with a RIDL

a Standard deviation.

Sample
Spectra:
graphie
Stain-

less
Steel
Std.,
NBS-
446

1
2
3

Graph­
ite

Std­
1002
Syn­
thetic

Sample,
Spex

Ind-Co.
1
2
3
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Figure 1. Gamma-ray spectrum of 6.6-minute Nb 94m separated from NBS-446 sample

Spectra taken at 5.5-minute intervals

trifuge the niobium and tantalum pent­
oxide formed, decant the supernate,
and dissolve the precipitates in a solu­
tion of 1 ml. of 48% hydrofluoric acid
and 3 ml. of concentrated sulfuric acid
diluted to 20 m!. with water. Extract
tantalum with n-amyl alcohol. Pre­
cipitate the niobium remaining in the
aqueous layer by adding concentrated
ammonium hydroxide drop by drop to
avoid the precipitation of any remaining
tungsten (7). Collect the precipitates
on glass fiber filter paper in filter chim­
ney by rapid suction and count as
above.

RESULTS AND DISCUSSION

Results obtained from the activation
analysis of the G-l rock sample are
summarized in Table I, the graphite
sample and stainless steel sample in
Table II, respectively.

In the first three experiments with
the G-l rock sample, the niobium con­
tent was four to six times higher than the
value reported by the spectrographic
method (6). The data were reexamined
by making three more activation runs
but there was little change. Thus it
would appear that there is much more
niobium in the G-l standard than the
8 p.p.m. previously reported although
some deviation might be attributed to
inhomogeneity of the G-l sample (5).

It was not possible to detect tantalum
in the G-l sample although chemical
recovery of the tantalum was 60 to
80%. Thus the amount of tantalum in
the sample must be less than 10 p.p.m.,

the lower limit of this method for
tantalum analysis. The chemical re­
covery of niobium throughout the
experiment fluctuates greatly since acid
hydrolysis of niobium is seldom quanti­
tative. Niobium recovery is particu­
larly poor in the N.B.S. and graphite
samples since the acid hydrolysis must
be done prior to the tantalum extraction
to eliminate excess peroxide from the
sodium peroxide fusion.

Spectra obtained from the niobium
and tantalum fractions are shown in
Figures 1 and 2. The characteristic
x-rays at 16.6 and 57.8 k.e.v. for nio­
bium (2, 10) and tantalum (19), re­
spectively, were measured for the
quantitative determination. The half
life of the niobium x-ray peak was
found to be 6.6 minutes. The peak
corresponding to the 67-k.e.v. gamma­
ray from Ill-day tantalum-182 formed
during the lO-minute irradiation was
subtracted from the combined tan­
talum-182m, tantalum-182 peak. The
nuclide Ta182m is easily distinguished
from Ta182 and other nuclides (2).

Calibration curves using a known
amount of Nb and Ta were made under
several conditions of measurement of
the Nb94m and Ta182m x-rays. The
amount of Nb94m and Ta182m was deter­
mined from the area under the 16.6­
k.e.v. and 57.8-k.e.v. photopeak, re­
spectively. The' curves are straight
lines which were then used to evaluate
the niobium and tantalum content in
the samples. Background and inter-

fering Compton radiations from other
activities remaining in the samples were
eliminated by extrapolation of the base
line from both sides of the photopeak.

Tantalum extraction by n-amyl
alcohol was adopted to separate nio­
bium, tungsten, and other elements from
it. It was found that the extraction of
tantalum by n-amyl alcohol is not
closely dependent on acidity of the
solution, nor on the temperature of the
solution. Furthermore, the extraction
leaves little contamination of other
elements, and gives more than 85%
extraction of tantalum in a single
shaking with 10 mi. of n-amyl alcohol.
It also permits a fast and clear-cut
separation of two immiscible layers
immediately after the shaking. Iron
(+3), aluminum, beryllium, gallium,
indium, and selenium might be possible
contaminants (15), but no radiochemical
interference is found since isotopes of
some of these are very short-lived while
others have comparatively low cross
sections for neutrons.

Tannin precipitation (4), 2,6-di­
methyl 4-heptanone, and methyl iso­
butyl ketone (17) extractions were
tried, but these are all seriously con­
taminated when applied to low con­
centration tantalum and niobium sam­
ples. The di-isopropyl ketone method
(17, 18) was not used because of dif­
ficulty in obtaining the solvent and its
cost.

Tungsten and titanium are the main
contaminants in the niobium hydrolysis
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Figure 2. Combined gamma-ray spectrum of 16.5-minute Ta 182m plus Ta 132 separated from graphite sample

Top curve taleen immediately after separation; middle curve, 15 minutes later; and bottom curve, 145 mjnutes after middle curve

step. However, these elements give
little interference to the 16.6-k.e.v.
NbU4m activity measurement unless
present in about tenfold excess.

The reirradiation technique of tan­
talum extracts for the tantalum yield
determination was carefully studied
and found accurate, simple, and fast.

The neutron flux was monitored for
each irradiation by sending a known
weight of gold foil along with each
sample and standard since it has been
observed that, in the flame pneumatic
tube during 1-Mw. operation, the flux
varies between 1.42 and 1.12 X 1012 n.
em. --2 second -1 (13). In this way, all
mea..,ured activities were normalized
to the same specific activity of gold.

Neutron selfshield:i.ng effects in
general ha,ve been well evaluated
by Gilat and Gurfinkel (6), and H91gdahl
(8) and amount to no more than 1 to
2% in these samples.

The advantage of thi:> type of analysis
for niobium and tantalum is that one
sample irradiation gives a single analysis
of two elements simultaneously in less

than 30 minutes and correction for
reagent blank is unnecessary.

ACKNOWLEDGMENT

Thanks are due to the staff members
the of Ford Nuclear Reactor for their
help in making the irradiations.

LITERATURE CITED

(1) Atkins, D. H. F., Smales, A. A.,
Anal. Chim. Acta 22, 462 (1960).

(2) Ciuffolotti, L., Giori, C., Mandelli,
M., Energia Nucl. Milan 8, 422-4
(1961).

(3) Cockbill, M. H., Analyst 87, 611­
629 (August 1962).

(4) Das, M. S., Venkateswarlu, C.,
Athavale, V. T., Analyst 81, No. 961,
239-242 (1956).

(5) Fleischer, M., Stevens, R. E., Geochim.
Cos'TIWchim. Acta 26, 525-543 (1962).

(6) Gilat, L., Gurfinkel, Y., Israel Atomic
Energy Comm. Rept. IA-756 (December
1962).

(7) Hillebrand, W. F., Lundell, G. E. F.,
Bright, H. A., Hoffman, J. I., "Applied
Inorganic Analysis," p. 588, Wiley,
New York, 1953.

(8) Hl1lgdahl, O. T., Michigan Memorial
Phoenix Project Rept. MMPP-226-1
(December 1962).

(9) Kim, C. K., Meinke, W. W., Talanta
10,83-89 (1963).

(10) Maddock, R. S., Meinke, W. W.,
U. S. AtOlniC Energy Comm. Rept.
AECU-4438, 63-67 (November 1959).

(11) Ibid., Rept. TID-ln72, 30-44
(November 1962).

(12) Meinke, W. W.,Nucleonics 17, No.9,
86 (1959).

(13) Meinke, W. W., U. S. Atomic Energy
Comm., Rept. AECU-3887 (1958).

(14) Morris, D. F. C., Olya, A., Talanta
4, 194 (1960).

(15) Morrison, G. H., Freiser, H., "Sol­
vent Extraction in Analytical Chemis­
try," Wiley, Philadelphia, Pa., 1957.

(16) Sandell, E. B., "Colorimetric Deter­
mination of Trace of Metals," p. 682,
Interscience, New York, 1959.

(17) Steinberg, E. P., Nuclear Science
Series Rept. NAS-NS-3039, p. 1-53,
National Research Council, Washing­
ton 25, D. C. (August 1961).

(18) Stevenson, P. C., Hicks, H. G., ANAL.
CHEM. 25, 1517 (1953).

(19) Sunyar, A. W., Axel, P., Phys. Rev.
121, No.4, 1158-1168 (February 15,
1961).

RECEIVED for review August 9, 1963.
Accepted September 16, 1963. Work
was supported in part by the U. S. Atomic
Energy Commission.

2138 • ANALYTICAL CHEMISTRY



Evaluation of Some Analytical Procedures
for Niobium-Base Alloys

J. P. McKAVENEY

Central Research Laboratory, Crucible Steel Co. of America, PiHsburgh 13, Pa.

Table I!. Atomic Properties of Alloying Elements in Niobium

Atomic Principal X-ray lines,
Electronic size, Ionic size, emission lines, A.

Element configuration A. A. A. K L

18
Ti [Ar]3d 24s2 1.46 0.68(+4) 3349, 3999, 3361 2.748«1

3653, 3234, 3642 2.514,81
36

Zr [Kr]4d25s2 1.57 0.80(+4) 3392, 3438, 3496 0.784«1 6.057
3601, 3557, 3572 0.700tlt

36
Nb [Kr]4d(5s1 1.41 O. 70( +5) 4059, 4080, 4100 0.745«1 5.712

3580, 4124, 4153 0.664tlt
36

Mo [Kr]4d55s1 1.36 0.62(+6) 3798, 3864, 3133 0.708«1 5.406
3903,3170,3194 0.631131

54
W [Xe]4P(5d(6s 2 1.37 0.62(+6) 4009, 4074, 4295 0.209«1 1.480

2727, 2944, 2947 0.184131
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~ Analytical data for three commercial
niobium-base alloys were used to
evaluate conventional chemical and
vacuum fusion procedures for carbon,
hydrogen, and oxygen. Chemical and
optical spectrographic solution pro­
cedures developed at this laboratory
are discussed regarding the deter­
mination of alloying amounts (1 to
25%) of molybdenum, tungsten, ti­
tanium, and zirconium. Various chem­
ical, optical, and x-ray spectrographic
procedures currently used by industry
were compared by round-robin anal­
yses of samples from the three niobium
alloys. Examination of the round­
robin data enables conclusions to be
drawn concerning the elements that
will require additional analytical
method development.

THE investigation of analytical meth­
ods for niobium-base alloys, first

begun in this laboratory in November
1959, was necessitated by work under a
U. S. Air Force contract to develop
manufacturing methods for three com­
mercial alloys (F48-General Electric,
D31 and D41-Du Pont). The initial
literature survey uncovered references
to methods (1,4) developed at the West­
inghouse Atomic Power Laboratories,
mostly dealing with the determination
of trace impurities in high purity nio­
bium. Reed (14) outlined a procedure
for the determination of alloying a­
mounts of molybdenum, titanium, tung­
sten, and zirconium based on the classi­
cal separation method of Powell and
Schoeller (12). Correspondence with
General Electric Co. (7) revealed that
an ion-exchange technique based on the
work of Hague (5) could be used to
separate titanium, molybdenum, tung­
sten, and zirconium in a hydrofluoric­
hydrochloric acid medium. The Union
Carbide Metals Co. (11) supplied x-ray
methods on the determination of the
desired alloying elements. The x-ray
method, based on the earlier work of
Mitchell (10), used chemical dissolution,
cupferron and cinchonine precipitation,
ignition of the mixed oxides, and fluores­
cent analyses of a briquet prepared from
the ignited residue. In April 1960,
Battelle Memorial Institute reported
on the determination of oxygen, nitro-

gen, hydrogen, and carbon in niobium
(9). The report was essentially a re­
view, but it contained good reference
material for application to the inter­
stitial elements.

After the completion of this investi­
gation in July 1961, Elwell and Wood
(3) briefly outlined chemical methods
for the determination of carbon, oxygen,
nitrogen, chromium, iron, molybdenum,
nickel, silicon, titanium, tungsten, and
zirconium. Because of the close sim­
ilarity of the methods to those for
titanium- and zirconium-base alloys,
"only brief notes on the methods ap­
plied to niobium are recorded."

The literature survey indicated that
the determination of the desired metallic
elements in the niobium-base alloys
was difficult because of their chemical
similarity (Table I).

Table II contains a summary of
atomic properties of the elements which
further emphasizes their similar chemi­
cal and physical properties.

These elements are transition ele­
ments. Their two outer principal quan­
tum shells are incomplete and they are
characterized specifically by their in­
complete d subshell. The elements
are members of transition series cor­
responding to unfilled 3d, 4d, and 5d
orbitals. The transition elements show
pronounced resemblance to each other,
particularly in their physical properties.
Their oxidation states are very nu­
merous and their compounds are

often highly colored. Furthermore, co­
ordination compounds are the rule
and simple compounds are the excep­
tion.

The (n)d, (n + 1)8, and (n + l)p
orbitals of the transition metals are
responsible for the chemical bonding of
the various ligands used in compound
formation. Ligands such lUI thiocya­
nate, peroxide, or fluoride are used in
chemical analysis of niobium-base al­
loys. The principal emission lines
shown in Table II result from electronic
transitions also involving the (n)d,
(n + 1)8, and (n + l)p outer orbitals.
However, the x-ray lines of columns 6
and 7 result from electronic transitions
involving only the innermost or K, L,
and M shells of the atom. Many
secondary emission lines not shown in
Table II can be used for analytical

Table I. Periodic Relationship and
Percentage Composition of Alloying

Elements in Niobium Alloys

Ill'A

74
·w

IS3.92
lIs-20''101



Table III. Chemical Analysis of 031 Niobium Alloy'
(Per cent)

Heat Location C N Mo Ti

898676 Top center 0.11 0.014 9.24 8.07
Middle center 0.11 0.007 9.32 7.94
Bottom center 0.088 0.009 10.19 8.08

.'398708 Top center 0.090 0.015 9.62 12.10
Middle center 0.068 0.012 9.55 10.69
Bottom center 0.057 0.010 9.58 8.43

898585 Top center 0.077 0.009 10.00 9.47
Middle center 0.078 0.012 10.08 9.50
Bottom center 0.081 0.013 9.94 9.83

a Underlined values indicate varia1;ion.

purposes when the problem of reduced
spectral sensitivity or interelement
effects occurs. Because of the l'.mited
number of x··ray lines available, it is
difficult to eorrect for interelement
effects. However, when carefully pre­
pared standards are used, the x-ray
fluorescence technique has the ad­
vantage of superior reproducibility.

ANALYTICAL DEVELOPMENT WORK

Sampling and Dissolution. Be­
'~ause of the ease of oxidizing or
nitriding niobium metal, chips or
millings for chemical analysis must
be prepared by very careful and slow
action of the cutting tool. The
precautions that should be used in
sampling and dissolving ni.obium al­
loys are similar to those described in
Codell's book (2) on titanium, an ele­
ment with chemical and phyEical prop­
erties similar to those of niobium.
Discolored chips should be particularly
guarded against when determining ni­
trogen by the Kjeldahl procedure, and
all chips should be carefully rinsed with
chloroform when low amount:; (<0.05%)
of carbon are determined.

For dissolution by acid ftttack, nio­
bium is slightly more refractory than
titanium and will not diBsolve readily
in hydrochloric or sulfuric acid without
an oxidizing agent. Niobium also hy­
drolyzes more easily than titanium,
so that hydrofluoric acid is necessary to
form a complex that is both soluble and
stable in strong acid media. Our
experience indicates that it is best to
use hydrofluoric acid as the principal
acid for dissolution, with nitric acid or
hydrogen peroxide added dropwise for
oxidation purposes. The oxidizing agent
greatly accelerates the hydrofluoric
acid a,ttack. The recent availability of
Teflon plastic beakers has made it
possible, after using hydrofluoric acid to
dissolve niobium alloys, to use temper­
atures up to 500° F. Temperatures up
to 500° F. are often neeessary because
acids such as perchlorie and sulfuric are
used to evaporate hydrofluoric acid
completely before the sample is trans-
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ferred to glassware. The Teflon beakers
are placed on asbestos mats which are
set on the hot plate to prevent heating
above 500° F.

The problem of segregation, which is
often due to electrode variation in the
melting (VAR) of a niobium-base
alloy, can be best illustrated by reference
to Table III. Heat 898708 shows pro­
nounced variation in carbon, nitrogen,
and titanium.

Carbon. The carbon determination
was the simplest of the determinations
desired in niobium-base alloys. The
procedure involved very little modi­
fication of the method uSlild for carbon
in steel. It includes the standard
oxygen combustion with induction
heating, followed by conductometric
or gravimetric determination of the
evolved carbon dioxide. One devi­
ation from the standard procedure,
however, was an increase in the amount
of tin flux and the addition of iron to the
niobium sample to obtain good combus­
tion.

Oxygen and Hydrogen. The deter­
mination of oxygen in niobium did not
involve much development work, as
it required only adoption of a modified
version of the vacuum fusion tech­
nique used in steel analysis. In
steel analysis, only an iron bath
operating at 1700° F. is used. The
Battelle report (9) indicated that the
determination of oxygen in niobium
would require a platinum bath or fluxing
technique beeause of the refractory
nature of niobium. This procedure has
been used at this laboratory for the
determination of oxygen in titanium;
thus, the determination of oxygen in
niobium was not a difficult problem, as
was borne out in round-robin testing.

Both the vacuum fusion technique
with platinum flux in a graphite crucible
and the tin bath technique in a silica
crucible were used to determine hydro­
gen. The tin bath was operated at
1150 0 C. and the platinum flux at
1950° C.

Nitrogen. To determine nitrogen
in niobium alloys, very little modifica-

tion of the standard Kjeldahl pro­
cedure for nitrogen in steel was
required. The principal change in­
volves using 48% HF plus drop­
wise addition of hydrogen peroxide
for sample dissolution. After dis­
solution, hydrofluoric acid and per­
oxide are eliminated by fuming with
perchloric acid. The procedure of
Goward and Tretow (4) uses hydro­
fluoric acid and hydrogen peroxide, but
does not expel the excess fluoride or
peroxide with a higher boiling acid.
The present investigators felt that
hydrofluoric acid should be expelled to
minimize attack on the glassware. Also,
the higher temperature reached with
perchloric acid would improve the
chances of breaking up any refractory
nitrides. The procedure of Huber and
Chase (6) cited by Mallett requires
essentially sulfuric acid with additions
of hydrofluoric acid and hydrogen per­
oxide to dissolve the niobium metal.
This procedure appears to be satisfac­
tory but may have a slower dissolution
rate because hydrofluoric acid is not the
principal solvent. The Mallett pro­
cedure has the advanta/!;e of the use of
high boiling acid, which eliminates
fluoride and breaks up refractory ni­
trides. 8ulfuric acid was also examined
in our investigation to minimize hydrol­
ysis of the niobium and alloying ele­
ments during fuming, but some hydrol­
ysis did occur, and equally good data
were obtained with perchloric acid.
Perchloric acid was preferred because its
lower boiling temperature makes it
easier to evaporate to fumes in Teflon.
Also, we found no safety problem in
fuming perchloric acid in Teflon beakers.

Molybdenum. The procedure for
molybdenum, an adaptation of the
standard thiocyanate photometric
method for molybdenum in steel, was
the simplest procedure developed for
the alloying elements. After dis­
solution of the sample in nitric and
hydrofluoric acids and evaporation
to fumes of sulfuric acid, the sample is
diluted to volume with a tartaric acid
solution to prevent hydrolysis ot nio­
bium, tantalum, titanium, and tungsten.
An aliquot is removed for color develop­
ment, and ferric chloride is added to
stabilize the molybdenum thiocyanate
complex.

Tungsten. Tungsten has proved in
our experience to be one of the most
difficult alloying elements to deter­
mine in niobium alloys. Two meth­
ods have been investigated: the
anion exchange technique which uses
Dowex 1-X8 resin with hydrofluoric­
hydrochloric acid mixtures, and a
solvent extraction approach with
cupferron in chloroform. However,
quantitative separations have not been
achieved and both techniques are being
explored further.

A procedure has been developed which



Ti

10.18
10.13
10.12
10.21
10.10
9.75
9.98
9.69

10.07
9.87

10.14
10.00
9.87

9.97

0.73
0.68
0.68
0.74
0.70
0.70
0.75
0.72

Mo

15.29
15.06
15.17
15.40
15;53
15.18
15.52
15.31

10.30
10.43
10.42
10.03
9.91

10.09
9.97

10.15
9.95

10.06
10.11
10.32
10.17

Av. 10.08

H

0.0017
0.0014

4.99
4.81
5.10
5.05
4.90
5.05
4.97

Av. 4.97

o

0.030
0.033

N

0.0119
0.0128
0.0060
0.0051

C
0.106
0.107

Platinum f1ux­
vacuum fusion

Chemical
Mo-SCN color
W-oxide

gravimetric
Zr-ion exchange

phosphate
Spectrographic

spark solution

Table VI. Data Obtained at This La boratory on 041 Niobium Alloy 98620
Method of

analysis C N 0 H Mo Ti W
Combustion 0.080

gravimetric 0.086
Kjeldahl 0.0088

0.0083
Platinum f1ux- 0.0019 0.014 0.0018

vacuum fusion 0.0022 0.016 0.0014
Chemical

Mo-SCN color 6.55 9.18 20.96
Ti-HI0 2 color 6.60 9.12 20.84
W-oxide 6.51 9.16 21.09

gravimetric
Spectrographic 6.55 8.84 21.04

spark solution 6.30 9.05 21.04
6.30 8.94 21.04
6.30 9.15 21.56
6.18 8.79 21.56
6.48 9.06 21.89
6.48 9.31 21.57
6.36 9.06 21.74
6.48 9.06 21.24
6.36 9.11 21.24

Av. 6.37 9.04 21.39
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Table IV. Data Obtained at This Laboratory on F48 Niobium Alloy (Sample 3P)
Method of

analysis
Combustion

gravimetric
Kjeldahl

Table V. Data Obtained at This Laboratory on 031 Niobium Alloy 98575
Method of

analysis
Combustion gravimetric

Kjeldahl

Platinum flux-vacuum
fusion

Chemical
Mo-SCN color
Ti-HI0 2 color

Spectrographic spark
solution

uses the classical chemical approach
recommended by Reed (14)-i.e., a
modified version of the lengthy and
complex classical method of Powell,
Schoeller, and Jahn (12). The pro­
cedure at this laboratory, developed by
A. Suk, changes the Reed procedure to
an acid dissolution before potassium
carbonate fusion to replace the direct
fusion following air heating oxidation of
the metal. In addition, two potassium
carbonate-magnesium sulfate treat­
ments are used to obtain satisfactory
results on the gravimetric weighing of
the tungstic oxide. Although the pro­
cedure provides data suitable for control
melting purposes, the method is empiri­
cal.

Titanium. A direct color procedure
using hydrogen peroxide was de­
veloped for titanium. After dis­
solution in nitric and hydrofluoric
acids, the sample is fumed in sulfuric
acid. The sulfuric solution is then
diluted to volume, using tartaric acid
to prevent hydrolysis of niobium and
tungsten. An aliquot is removed,
hydrogen peroxide added, and the ab­
sorbance of the yellow titanium-peroxy
complex measured at 410 mp.. Because
of some color interference due to molyb­
denum and niobium peroxy complexes,
a correction is made. The correction is
usually constant and amounts to only
about 10% of the total absorbance.
However, caution should be used in
applying the background correction
technique, as each alloy system will re­
quire a different correction because of
variable amounts of niobium and
molybdenum. The background cor­
rection technique in the wet-chemical
procedure can be compared with the
interelement correction technique of
x-ray fluorescence.

Zirconium. A wet-chemical pro­
cedure for zirconium was developed
using mainly the information from
General Electric (7). The procedure
uses anion exchange from Dowex l-X8
with 6N hydrochloric acid as the eluent.
The zirconium is determined by the
gravimetric technique, using diammo­
nium hydrogen phosphate as the pre­
cipitating reagent. From the recent
work of lillber (13) at this laboratory,
it now appears possible that. the sepa­
rated zirconium can be determined
more accurately. Raber's procedure
using pyrocatechol violet for the colori­
metric estimation of zirconium might
improve reproducibility.

Emission Spectrographic Deter­
mination of Molybdenum, Titanium,
Tungsten, and Zirconium in Niobium
Alloys. A spectrographic solution
procedure was used to provide rapid,
routine, analytical control data on
the alloy content of research niobium
alloys. The procedure has been used
for control analysis for about two
years and has been constantly mod-



Round-Robin Results for Molybdenum and Zirconium in Niobium Alloys

Results for Carbon and Oxygen in Niobium Alloys

Hied and improved. It uses the
rotating-disk solution 'technique, which
eliminates the need for preanalyzed
chemical standards. The technique as
applied to iron- and nickel-base alloys
has been described by McKaveney and
Vassilaros (8).

The principal advantage of the
rotating disk spectrographic technique
is its speed and adaptability for analyz­
ing highly complex alloy matrices.
Most of the wet-chemical procedures
reviewed so far indicate 'the difficulty of
the analytical problem in effecting
separation schemes. With the rotating
disk technique, no separations are re­
quired in the alloy content ranges ex­
amined and rapid analysis is possible.
Also, the multiple exposures and analy­
ses necessary to increase accuracy take
only minutes.

With niobium-base alloys, the critical
step in the analysis is the correct prepa-

RESULTS AND DISCUSSION

Many individual samples have been
analyzed, and cross checks have been
made when possible since the beginning

of this laboratory's niobium alloy
program early in 1960. Carbon, hy­
drogen, oxygen, and nitrogen were de­
termined by the procedures in this
report at the Central Research Labora­
tory and at the Midland Works Tita­
nium Laboratory of the Crucible Steel
Co. of America. The alloying elements
(molybdenum, titanium, tungsten, and
zirconium) were analyzed and com­
pared using both wet-chemical and
spectrographic spark solution (SSS)
procedures. Agreement was usually
very good; however, the procedures
were subjected to round-robin testing to
prove their accuracy.

The data from this laboratory for the
F48 alloy (Table IV) show that the
spectrographic spark solution technique
produces data with a relative standard
deviation of about 2% for the alloy
content. In the tungsten analysis of
the F48 alloy in Table IV, the data
vary from a high of 15.52% to a low of
15.06%. However, the statistical aver­
age of the SSS values compares favor­
ably with the chemical values for all
three elements-i.e., molybdenum,
tungsten, and zirconium. Thus multi­
ple spectrographic exposures will pro­
vide the desirable accuracy. Table V
shows the data for the D31 alloy. Table
VI shows the results for the D41 alloy.

Table VII lists the round-robin
results obtained at several laboratories
for carbon and oxygen in the F48, D31,
and D41 alloys.

Table VIn lists the round-robin
results for molybdenum and zirconium.

The round-robin data in Tables VII
(carbon and oxygen) and VIII (molyb­
denum and zirconium) indicate fair
agreement among laboratories for most
of the analyses.

Table IX lists the round-robin data
for hydrogen and nitrogen in the nio­
bium alloys.

The hydrogen values vary, particu­
larly those on the F48 material. The
results on the D31 and D41 are much
closer, possibly because there were
fewer participants and all laboratories
were using almost the same technique.
Nevertheless, the scatter of the D31 and
D41 data indicates need of additional
development work on hydrogen in
niobium alloys.

The F48 values for nitrogen show a
slightly lower result for Kjeldahl analy­
sis of the solid as compared with the
chips; this indicates possible nitriding
of the chips during machining. Also,
the vacuum fusion procedure for nitro­
gen produces lower results than the
Kjeldahl method for all three alloys.
The vacuum fusion data would thus
indicate the presence of refractory
nitrides not decomposed even by the
use of platinum and elevated tempera­
tures. The presence of refractory ni­
trides might account for some of the
scatter among Kjeldahl chemical re-

Procedure
Pt. flux-vacuum fusion
Pt. bath-vacuum fusion
Fe bath-vacuum fusion
Inert gas fusion-condo
Pt. flux-vacuum fusion
Pt. flux-vacuum fusion
Fe bath-vacuum fusion
Pt. bath-vacuum fusion
Pt. bath-vacuum fusion
Fe bath-vacuum fusion
Inert gas fusion-condo
Pt. flux-vacuum fusion
Pt. bath-vacuum fusion
Pt. bath-vacuum fusion
Fe bath-vacuum fusion
Inert gas fusion-condo
Pt. flux-vacuum fusion

Procedure
Pyrosulfate fusion-x-ray

Cupferron sepn.-phosphate ppt.
Cupferron sepn.-x-ray
Ion exchange-phosphate ppt.
Spectrographic spark solution

Acid solution-x-ray
X-ray

0,%
0.0026
0.0038
0.020
0.0025
0.0071
0.0030
0.010
0.028
0.031
0.035
0.032
0.032
0.011
0.017
0.026
0.016
0.015

Zr, %
0.72

0.71
0.72
0.72
0.72

1.00
0.72

ration of synthetic standards and their
proper dissolution. The preparation
involves obtaining high-purity metal
powders and weighing them in the
proper percentage combinations before
dissolution. The solvent mixture chosen
is to a 1 to 1 mixture of hydrofluoric and
nitric acids. The solvent gives rapid
dissolution with nitric acid added for
oxidation purposes and with hydro­
fluoric acid to form acid-soluble anionic
complexes. All dissolution and storage
of sample solutions are done in Teflon or
polyethylene because of the hydro­
fluoric acid. Glass is used only in the
volumetric dilution and mixing of the
sample after dissolution.

Procedure
Conductometric

Gravimetric

Conductometric
Conductometric
Gravimetric
Conductometric
Conductometric
Gravimetric

Gravimetric
Conductometric
Conductometric
Gravimetric

Gravimetric

Procedure
Pyrosulfate fusion­

x-ray
Sulfide sepn. Zn red.

ferric tit.
SCN direct color
Spectrographic spark

solution
Acid solution-x-ray
X-ray
Pyrosulfate fusion­

x-ray
Ion exchange-oxide

gravimetric
Sulfide sepn. Zn red.

ferric tit.
SCN direct color
Spectrographic spark

solution
Pyrosuliate fusion­

x-ray
Ion exchange-oxide

gravimetric
Sulfide sepn. Zn red.

ferric tit.
SCN direct color
Spectrographic spark

solution

6.44

6.35

7.05

6.55
6.37

4.90

4.98
4.97

4.95
4.10

10.16

9.97

10.23

10.38
10.08

Mo,%
4.85

F48 0.070

F48 0.057
F48 0.066
F48 0.080
D31 0.102
D31 0.117
D31 0.110

D31 0.107
D41 0.087
D41 0.087
D41 0.090

D41 0.083

Table VII. Round-Robin
Lab Alloy C, %

1 F48 0.064

3

4
5
6
1
2
3

4
1
2
3

4

Table VIII.
Lab Alloy

1 F4S

3 F48

4 F48

5 F48
6 F48
1 D31

2 D31

3 D31

4 D31

D41

2 D41

3 D41

4 D41
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suIts, since not all samples were given
the same acid dissolution treatment.

Table X lists the round-robin data
for titanium and tungsten in the nio­
bium alloys.

The agreement on the D41 data for
titanium is very good among all four
laboratories using such a diversity of
techniques. However, the D31 data are
not nearly as good, showing a scatter
from high to low of 0.49%. There
remains the possibility that despite
careful sample selection, some segrega­
tion did exist in the D31 sample. This
is a distinct possibility because of the
known metallurgical behavior of tita­
nium (previously shown in Table III)
and the poor reproducibility of duplicate
checks at this laboratory.

The tungsten values for the round­
robin show the following ranges:

Table IX. Round-Robin Data for Hydrogen and Nitrogen in Niobium Alloys
Lab Alloy H,% Procedure N,% Procedure

1 F48 0.00006 Pt. flux-vac. fuffion 0.0046 Pt. flux-vac. fusion
0.00004 Pt. bath-vac. fusion 0.0038 Pt. bath-vac. fusion

0.0059 Kjeldahl-solid
0.0123 Kjeldahl-chips

3 F48 0.0025 Fe bath-vac. fusion 0.010 Kjeldahl-chips
4 F48 0.00040 Pt. flu.x-vac. fusion 0.0085 Kjeldahl-solid

0.0096 Kjeldahl-chips
5 F48 <0.00010 Pt. flux-vac. fuffion 0.0052 Pt. flux-vac. fusion
6 F48 0.00200 Fe bath-vac. fusion 0.010 Kjeldahl-chips
1 D31 0.00040 Pt. bath-vac. fusion 0.0080 Kjeldahl-chips
2 D31 0.00077 Pt. bath-vac. fusion 0.0091 Kjeldahl-chips
3 D31 0.00060 Pt. bath-vac. fusion 0.0080 Kjeldahl-chips
4 D31 0.00160 Pt. flux-vac. fusion 0.0124 Kjeldahl-chips

0.0056 Pt. flux-vac. fusion
1 D41 0.00020 Pt. bath-vac. fusion 0.0047 Kjeldahl-chips
2 D41 0.00054 Pt. bath-vac. fusion 0.0035 Kjeldahl-chips
3 D41 0.00040 Pt. bath-vac. fusion 0.0040 Kjeldahl-chips
4 D41 0.00150 Pt. flux-vac. fusion 0.0086 Kjeldahl-chips

0.0021 Pt. flux-vac. fusion
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If the value of 14.3% in the F48 data
for Laboratory 6 is omitted, the spread
is from 14.8 to 15.96%, which is about
1% absolute. The same spread is also
obtained in the D41 results. The de­
termination of tungsten in niobium
alloys probably merits further investi­
gation to decrease the absolute spread.
Our spectrographic spark solution pro­
cedure is thought to be fairly reliable,
but our chemical procedure is empirical.

Table XI shows emission spectro­
graphic, semiquantitative results on
the tungstic oxide residues obtained by
our chemical procedure for the samples
shown in Table VI. The values in
Table VI of 20.96, 20.84, and 21.09 ob­
tained using our procedure are fairly
close to the average of the round robin.
However, the oxide residue is obviously
contaminated to the extent of perhaps
5% with niobium and molybdenum.
Apparently not all the niobium and
molybdenum were separated before the
final precipitation of tungsten with
cinchonine. Through compensating er­
rors, however, the tungsten values
agreed with the average. The niobium
and molybdenum occluded with the
tungsten precipitate appear to compen­
sate for the tungsten lost in the chemical
separation of molybdenum and niobium

Table X. Round-Robin Data for Titanium and Tungsten in Niobium Alloys
Ti,

Lab Alloy % Procedure W,% Procedure
1 F48 15.96 Pyrosulfate fusion-x-ray
2 F48 15.07 Ion exchange-oxide gray.
3 F48 15.59 Cupferron sepn.-oxide

grav.
15.80 Cupferron sepn.-x-ray

4 F48 15.22 MgSO. sepn. oxide grav.
15.31 Spectrographic spark soIn.

5 F48 14.80 Acid soln.-x-ray
6 F48 14.30 X-ray

1 D31 10.42 Pyrosulfate fusion-
x-ray

2 D31 10.46 Ion exchange-oxide
gray.

3 D31 10.43 Sulfosalicylic acid-
direct color

4 D31 10.14 H20rdirect color
9.97 Spectrographic

spark soln.

1 D41 8.87 Pyrosulfate fusion- 21.07 Pyrosulfate fusion-x-ray
x-ray

2 D41 9.05 Ion exchange-oxide 20.48 Ion exchange-oxide gray.
gray.

3 D41 9.00 Sulfosalicylic acid- 20.77 Cupferron sepn.-oxide
direct color gray.

9.00 Cupferron septn.- 20.88 Cupferron sepn.-x-ray
x-ray

MgSO. sepn.-oxide gray.4 D41 9.15 H20rliirect color 20.96
9.04 Spectrographic 21.39 Spectrographic spark

spark Boln. Boln.

F48
D41

14.30 to 15.96%
20.48 to 21.39%
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Method and Apparatus for Determination of
Small Isotopic Oxygen Variations in Beryllium Oxide

R. A. MEYER, S. B. AUSTERMAN, and D. G. SWARTHOUT

North American Aviation Science Center, North American Aviation, Inc., Canoga Park, Calif.

Figure 1. Vacuum fusion apparatus

STOPCOCK. 10 MM RIGHT
ANGLE HIGH VACUUM,
HOLLOW PLUG.
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problem of quantitative recovery of
oxygen from beryllium metal in the
range of parts per million to as high as
1%. Brewer (3), Evans and Kuba­
schewski (.~), and Sloman, Harvey, and
Kubaschewski (7) in their independent
discussions of vacuum fusion funda­
mentals and thermodynamic considera­
tions generally agree that a mobile
liquid bath containing an adequate
amount of carbon is a prerequisite for
efficient operation of the method. The
choice of metals for the bath material is
wide, but platinum seems most ap­
plicable to the work at hand. Develop­
ment of the method was simplified be­
cause the weight of Be added to the
system was quite small and thus did not
lead to the gettering problems reported
by Gregory and Mapper (5). Also, a
reasonable assumption could be made
that any isotope effect upon the re­
action was small and could be neglected.
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coneentrations of oxygen in beryllium
have been reviewed by Bradshaw (2).
Of the established procedures such as
volatilization, differential solubility, in­
ert gas fusion, radio isotope formation,
and isotopic dilution, vacuum fusion
seemed most applicable to the present
problem of liberating the oxygen in
BeO for isotopic oxygen ratio determina­
tion. Gregory and Mapper (5), using
BeO as a standard during the develop­
ment of a micro method for the deter­
mination of total oxygen in beryllium
metal, showed that the oxygen in BeO
was quantitatively liberated as CO
within 4 minutes when reacted with
carbon dissolved in a platinum flux at
1900° C. Their recommendation of a
maximum Be concentration in the
platinum flux of one part in fifty was
based on the determination of small
amounts of oxygen in beryllium.

Others (.t1) have worked on the

I> An analytical method has been de­
veloped for detecting small (hanges in
the 0 18 abundance of BeO. The
method has been tested for 1- to 5-mg.
samples of finely ground BeO con­
taining 0.2 to 2.0 atom per cent of the
oxygen as 0 18. A vacuum fusion
apparatus using a platinum flux con­
tained in a graphite e:rucible at
2200° C. was used to release the
oxygen in BeO as CO. The resultant
CO was analyzed for COIS_CO 16 ratio
with a modified Consolidolted 21-620
mass spectrometer. The standard de­
viation among 19 successive samples
was ±.002 when the 0 18 abundance
was approximately 0.2%.

F0It AN EXPERIMEN'r to determine
diffusion coefficients for oxygen in

beryllium oxide, a method combining
mass spectrometer and vacuum fusion
techniques was developed for measuring
the OlL01G ratio in finely ground BeO.
During the experiment, one face of each
BeO diffusion block had been plated with
Be018 and the 0 18 foreed to diffuse into
the block by annealing in an argon
atmosphere at various elevated tem­
peratures. Thus, changes in the OIL
0 16 ratio of successive serially ground
sections could be used to follow the
oxygen diffusion into the block. Due
to mass spectrometer accuracy prob­
lems, all data were referred to the
C01S content of a single cylinder of CO
run as a standard interspersed every
fifth sample within a series. Since only
small changes in 0 18 abundance were of
interest, no effort was made to deter­
mine the absolute 0 18 abundance in the
"standard" CO.

Methods for the determination of low
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C018
%'

0.2036
0.2012
0.2063
0.2061
0.2041
0.2050
0.2064

rejected
rejected

Therefore, the C018_C016 ratio would
not be influenced by nonquantitative
recovery of the CO from the BeO being
analyzed.

EXPERIMENTAL

Apparatus. The reaction furnace
shown in Figure 1 follows accepted
vacuum fusion techniques (6). Sam­
ples were contained in a series of loading
galleys whose total capacity was 30
samples. An external magnet operated
the pusher to drop the samples into the
crucible. The induction furnace
power source was a LePel 2.5-kw. high
frequency generator. Maximum tem­
perature attained was 2400° C. as
measured with an optical pyrometer.
Eighteen grams of Pt in a graphite
crucible provided the vacuum fusion
matrix. As a purely precautionary
measure, the Pt and crucible were
changed after every 2 sets of samples.

The vacuUm system was standard
and consisted of a rotary mechanical
forepump, an oil diffusion pump, and a
liquid nitrogen-cooled trap. A large
capacity Toepler pump was used to
transfer the gaseous reaction products
into sample vessels for mass spectro­
metric analysis. The mass spectrometer
was a Consolidated 21-620 modified to
include a 21-103 type gas inlet system.

Procedure. Samples submitted for
analysis were 1- to 5-mg. portions of
finely divided BeO which had been
serially ground in parallel layers from
the face of each diffusion block and
collected in carbon tetrachloride.
(The collection of cuts from a given
block is referred to here as a set.)
The BeO suspension was concentrated
by centrifuging, the excess liquid re­
moved, and the BeO resuspended in 0.1­
ml. carbon tetrachloride. The resultant
suspension was transferred to a 2-sq. cm.
piece of Pt foil weighing about 0.15
gram. After evaporation of the CC4,
the edges of the foil were folded over the
BeO powder to protect it from mechani­
cal scattering during the loading and
dropping processes. The 20 to 25
samples of a given set were loaded into
individual depressions in the several
sample galleries and the system was
evacuated. The system was outgassed
at 2400° C. until a pressure of 1 X 10-5

mm. Hg was reached.
With a new crucible and Pt bath, 18

grams of platinum spheres were dropped
into the crucible from one of the sample
galleries and outgassing continued uutil
a pressure of 1 X 10-6 mm. was reached.
If the crucible and bath were not
changed, the initial outgassing was con­
tinued to a pressure of 1 X 10-6 mm.

After preparatory outgassing was
completed, the furnace power was
turned off for 5 minutes to allow the
temperature of the crucible to drop to
about 1550° C. A Pt foil sample con­
tainer was pushed from its sample
gallery depression with an external
magnet and its associated internal
pusher and dropped into the crucible.
With the system still open to the
vacuum pumps, the temperature of the
crucible was held at 1550° C. for out­
gassing of the sample until a pressure of

2 X 10-5 mm. was reached. This
outgassing operation normally consumed
1 minute from the time of sample drop.
The fusion apparatus was isolated from
the vacuum system, full furnace power
applied and Toepler pumping started to
transfer the gaseous reaction products
into a small sample container made from
a stopcock (Figure 1 insert). In 5
minutes the Pt flux reached 2200° C.
and was held at that temperature for an
additional 5 minutes. The Toepler
pump was then isolated, the gaseous
sample container removed, and the
fusion apparatus opened to the vacuum
pumps for outgassing until a pressure of
2 X 10-5 was reached. At this pres­
sure, the furnace power was turned off.
When the flux temperature had fallen
to 1550° C., the next sample was
dropped and the procedure repeated.

The mass spectrometric analysis con­
sisted of an instrumental blank scan on
m/e 28,30, and 32 and multiple scans on
the same peaks after the sample had
been introduced. The percentage of
C018 was based on the 30 to 28 ratio
after the contribution of air to the 28
m/e had been subtracted based on the
increase, if any, in the 32 m/e.

Each single sample of a series re­
quired an average vacuum fusion time
of 30 minutes and mass spectrometer
time of 10 minutes.

RESULTS AND DISCUSSION

Table I presents 0 18 abundance in a
series of 19 successive BeO samples.
The samples were serially ground from
a diffusion block in which it was thought
that the induced 0 18 enrichment would
not penetrate significantly beyond the
first two samples. Data from these
first two samples were rejected as not
representative of the base material
because of 0 18 penetration. The mass
spectrometer determinations were made
within a single day with no non-CO
samples interspersed. The relative
standard deviation for the determina­
tion of the 0 1L016 ratio based on the
series of runs reported in Table I is 1%.
However, a graphical analysis of the
data indicated a significant decrease in
0 18 abundance with penetration into
the block, thus revealing an unexpected
and slight depth dependant enrichment.
The standard deviation of the data
about the regression line is 0.001, almost
exactly the standard deviation of the
method when replicate tank gas samples
were run. This unexpected enrichment
does not invalidate these data for if it
were ignored, the relative standard
deviation would be 1% which is satis­
factory for the purpose at hand. A
more detailed study of this rapid oxygen
diffusion is under way.

An appreciation of mass spectrometer
conditioning problems is vital to the
success of this technique. The normal
problem of sample memory is important
but, since only molecule ions are
measured, cracking pattern changes have
no effect. However, in the mass spec-

Table I. 0 18 Abundance in a Set of
BeO Samples·

Cut COI8, Cut
No. % No.
21 0.2010 9
20 0.2006 8
19 0.2005 7
18 0.2018 6
17 0.2041 5
16 0.2035 4
15 0.2045 3
14 0.2022 2
13 0.2038 1
12 0.2001
11 0.2041
10 0.2040

a Mass spectrometer No. S 2091-2117.

trometer used for this work, a significant
change in the observed C018 percentage
of the CO gas cylinder used as a
standard occurred over a period of 30
days. Two runs were made on each of
six days spread over the 30 day period.
While each two runs showed the ex­
pected precision, the observed C018
content changed from 0.1978% to
0.1883% during the test period. This
indicated an unexpected change in the
mass discrimination of the instrument
and caution is recommended in the case
of data taken over a long period of
time. The standard deviation for the
series was 0.003. When nine samples of
standard CO gas were run successively,
the standard deviation was reduced to
0.0009 at an average C018 content of
0.1953%. To negate this mass spectro­
metric deviation, standard CO samples
were run with each series and the
observed data corrected for any change
in the standard CO value.

The possible occurrence of enrich­
ment carryover from one sample to the
next one or more succeeding samples
was considered and investigated by
examination of data from successive
samples run in a common platinum
matrix. BeO of natural enrichment run
immediately after samples of 2% en­
richment indicated no detectable carry
over from the preceding samples.
However, during preliminary testing
involving BeO with 10% enrichment,
detectable carryover to the succeeding
sample did occur. Thus, for these
experimental conditions, cross con­
tamination was not observed in the
range of 2% or less 0 18.

Outgassing between successive
samples was proved complete (within
the error limits of the method) by
following the normal sample analysis
procedure excluding only the presence
of BeO powder in the dropped foil.
The gas collected during the time a
sample would otherwise be yielding
CO gas was less than 0.1% of the CO
collected from even the smallest BeO
sample and could thus be neglected.

CC4 was chosen as the grinding and
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collection fluid to minimize exposure of
the freshly ground BeO powder to
sources of spurious oxygen.

Normal concepts of analytieal mass
spectrometry would require calibration
runs on pure CO'8 and CO'6. However,
since the desired end product of the
data gathered for this problem was only
the change in the COUL.C016 ratio
between samples within a set, mass
discrimination and calibration in­
equalities between C016 and C018
were relatively unimportant and were
not considered. The calculation of
per cent 0 18 is therefore based on the
approximations that sensitivities are
equal and no fractionation takes place
at the molecular leak.

This technique and apparatus were

designed solely for the purpose of
detecting small changes in 0 18 abun­
dance. However, by employing a
suitable standard of known 0 18 abun­
dance" it should be equally applicable
to the absolute determination of 0 18
abundance in BeO and other metal
oxideB which have similar vacuum
fusioll reactions.

Preparation of diffusion blocks, details
of the serial grinding, and the successful
roouctionof the analytical data to ob­
tain diffusion coefficients for oxygen in
BeO are presented in a separate report
(1).
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A Mass Scale Based on CH2 = 14.0000 for High
Resolution Mass Spectrometry of Organic Compounds

EDWARD KENDRICK1

Analytical Research Division, Esso Research and Engineering Co., Linden, N. J.

t> The problems of computing, storing,
and retrieving precise masses of the
many combimJtions of elements likely
to occur in the mass spectra of organic
compounds are considerable. They
can be significantly reduced by the
adoption of a mass scale in which the
mass of the CH2 radical istclken as
14.0000 mass units. The advantage
of this scale is that ions differing by
one or more CH2 groups have the same
mass defect. The precise mCJsses of a
series of alkyl naphthalene parent
peaks, for example, are 127.9195,
141.9195, 155.9195, etc. Because
of the identical mass defects, the
similar origin of these pea,ks is recog­
nizable without reference to tables
of masses. Tables of the mass de­
fects for combinations of H, C12, C13,
N, 0, 5 32, and 5 14 are presented.

DOUBLE focusing mass spectrom­
eters with resolutions of one

part in 5000 or better are now coming
into use as analytieal instruments.
Commercial instruments after the
original design by Mattauch and Herzog
(7-9) have been desr,ribed by Voorhies
ftnd coworkers (1S) and by Craig and
coworkers (6). Another instrument
based on a design by Nier and Roberts
(4, 10-12) has been described by Craig
and Errock (5). Beynon (1) has
pioneered the application of high resolu­
tion mass spectrometers to organic
chemistry.

The high resolution of these instru-
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ments makes possible precise mass
measurement to a few parts in 106 or
better. This is sufficient to distinguish
between ions having the same mass
number, but different chemical com­
position. The precise mass of an ion is
the sum of the masses of its constituent
elements and the molecular formula can
usually be found from the mass deter­
mination. This ability to determine the
chemical composition of an ion from a
measurement of its mass gives mass
spectrometry a new dimension.

With the advent of the high resolution
mass spectrometer have come the
problems of computing, storing, and
comparing large amounts of mass data.
The masses of the isotopes of most
elements are known to very high ac­
curacy, but the number of combinations
of these elements in organic chemistry
is extremely large. Published tables
cover only a fraction of the combinations.

Comprehensive tables of precise
masses are required to give the precise
masses of ions used for internal calibra­
tion standards in high resolution mass
spectra and to convert the precise mass
measurements made on samples into
molecular formulas. Such tables are
indispensable for high resolution mass
spectrometry.

The mass range to be covered by
these tables has no definite limit.
High resolution mass spectrometers are
certainly capable of working in the
range up to 500 mass numbers, and
special applications may call for spectra

of compounds having masses as high as
1000, or even higher.

The table of precise masses most
widely used at present is by Beynon
(1), which lists, in addition, the relative
abundances of isotope peaks. This
table, which is based on 0 16 = 16.00000,
covers combinations of elements up to a
mass number of 250, and is limited to
those containing no more than four
oxygen atoms, four nitrogen atoms, and
a total of no more than six atoms other
than carbon and hydrogen. Beynon's
table has about 6000 entries. Beynon's
table has recently been extended to
mass 500 and based on the standard
C12 = 12.0000 (2). The inclusion of
sulfur (832 and S34 isotopes) and CI3
would increase the size of the table
enormously. Over one and a half
million entries would be required to
cover the ions up to mass 600.

A mass scale with CUH2 = 14.00000
enables the same data-Le., up to mass
600-to be expressed in less than
100,000 entries. This reduction is a
consequence of the same defect's being
repeated at intervals of 14 mass units­
i.e., one (CH2) group. Restrictions
similar to those imposed by Beynon
have been used for these tables. No
more than four atoms of oxygen, nitro­
gen, sulfur or carbon-13 and no more
than two atoms of sulfur-34 are allowed
in any combination. The total number

1Present address, Esso Research, Ltd.,
Abingdon, Berkshire, England.
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Table I. Masses of Ions on CH2 Mass Scale Compared with 0 16 Sea leG

Masses

Argon

Carbon

Gallium

Element
Hydrogen

Chlorine

Nitrogen
Oxygen
Fluorine
Neon
Phosphorus
Sulfur

Ion 0 16 scale C12H2scale
(HI)+ 1.0081451 1.006705
(H2)+ 2.0147406 2.011878
(C12) + 12.0038156 11.986590
(C13)+ 13.0074929 12.98884
(N14)+ 14.0075263 13.98751
(016)+ 16.0000000 15.97702
(FI9)+ 19.0044429 18.97731
(Ne20)+ 19.9987953 19.97012
(p31)+ 30.9836126 30.93918
(S32)+ 31. 9822388 31. 93631
(S34)+ 33.9786635 33.92986
(CI36)+ 34.9799720 34.92981
(CI37)+ 36.9776573 36.92463
(A40) + 39.9750926 39.91776
(A40) +2 19.9875463 19.95888
(Ga69)+ 68.94757 68.84870
(Ga71 ) + 70.94737 70.84563

Silicon (Si28)+ 27.9456821 27.94569

G Although C12 has now been adopted as the standard mass unit, most published tables
are based on 0 16.

MASS

Multiplet at mass 142Figure 1.

36.4

Figure 3. Repetition of defects on
CH2 mass scale

140 2n

ETC. ETC.

138 2n-2

136 2n-4

134 2~6

132 '~8

130 2,,-10

128 2n+2

126 "

122 2n-4

HgH

49.43643
49.68652
49.93627
50.18648
50.43628
50.93648

100

/

number of mass numbers by defining
the mass scale as CR2 = 14.0000.

. Because with CR2 = 14.0000 the defect
of the combination (CR2)n is always
zero-e.g., C1oH20 = 140.0000 and
C~lS = 126.000G--the defects for
other combinations apply at any carbon
number. Figure 3 shows the manner in
which the pattern is repeated.

Now that the zero of the mass defect
scale has been fixed and with it the units
in which the defects are measured, the
defects for ions containing say one
oxygen atom can be read off. At 140, for
example, the C~160 ions would have a

Table II. Mercury Ions on the CH2 Mass Scale
Hg+2 Hg+3

98.87286 65.91484
99.37304 66.24869
99.87254 66.58069

100.37296 66.91530
100.87256 67.24838
101.87287 67.91525

Hg+
197.74572
198.74651
199.74507
200.74591
201.74513
203.74575

Masses given in this paper are on the
scale CR2 = 14.0000 unless otherwise
specified.

The Basis of the CR2 Mass Scale.
The basis of the CR2 scale is best
appreciated by considering a multiplet
which could arise at a particular mass.
Figure 1 shows such a multiplet at
m/e 142. These peaks could be the
parent ions of methyl naphthalene, a
Cs diketone, a C9 ketone, and decane.
The pattern presented by the peaks will
be repeated at m/e 156 for compounds
one carbon number higher in each
series-i.e., for dimethyl naphthalene,
a C9 diketone, a CIO ketone, and undec­
ane.

The same pattern will appear at
intermediate or lower masses if the
same number of protons is stripped from
each of the molecules. Thus, at mass
140, we may find the same pattern for
ions with the formulas CuRs, CsH1202,
C~160, and CIOR 20. The spacings
between the peaks are exactly the same
as those in the other two cases. The
mass defects for ions of these species at
different mass numbers vary as the
numbers of hydrogen atoms vary, but
the differences between the defects for
the different species remain constant.

Figure 2 is a representation of the
mass defects of ions of the types
previously considered containing
carbon, hydrogen, and one or two atoms
of oxygen. This diagram covers the
mass numbers from 128 to 142. It can
now be made to cover an infinite

142

MASS

-- --- ._! --- 138

.'__ 'j' r __ 136

---1-..- 134

,
- ----- ~:-132

i- ~!-1}0

_~. __. _ .. l-_128

1
______-..-::M::::A'''-5DEFECT j

;

of oxygen, nitrogen, and sulfur atoms in
any combination has been limited to
six.

Carlson et al. (3) have described a
method of interpreting high resolution
mass spectra in which the mass dif­
ferences between an unknown and a ref­
erence peak at the same mass number
are assigned to differences in molecular
formula. The CR2 mass scale has the
advantage of being applicable over a
wider mass range and thus is of
particular value for instruments with
which it is possible to interpolate over a
range of mass numbers or to determine
exact masses by determining the ratio
of the unknown and reference masses.

THE CH2 MASS SCALE

Masses on the 0 16 scale (atomic mass
units) and CI2 scale (U) can be converted
to the CR2 scale by dividing by
1.0014361 and 1.0011178, respectively.
The masses of some of the elemental ions
encountered in mass spectrometry are
given in Tables I and II.

Figure 2. Mass defects m/e 128 to
m/e 142
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0 16 - CUH" =
16.0000 14.0000

Table III. Comparison of the Masses of
Some Organic Ions on the Two Scales

Mass scale

Naphthalenes 128.1036
142.1237
156.1439
170.1640

etc.

Pa.raffins 128.1975
142.2176
156.2378
170.2579

etc.

C..H2nO 128 .1611
142.1812
156.2013
170.2214

etc.

127.9196
141. 9196
155.9196
169.9196

ete.

128.0134
142.0134
156.0134
170.0134

etc.

127,!,770
141. H770
155.9770
169.';)770

etc.

defect of 36.4 X 10-1 mass units. At
126, the ions of formula CsH140 would
have the same defect. The difference
in composition between the two examples
is (CH2) , which has zero defect by
definition.

As an alternative to reading a chart,
the defects can be found from tables.
It is convenient to consider the defect
as the sum of contributions from the
hydrocarbon ion and from the separa­
tion of the peak from the hydrocarbon
peak. In the two examples previously
considered this doublet separation is
36.4 X 10-3 mass units. The hydro­
carbon contributions are zero because
in both cases the hydrocarbon was of
the CnH2n type.

Figure 4 shows these two contribu­
tions in the general case. A is the
separation of the peak from the cor­
responding hydrocarbon, and B is the
contribution from the hydrocarbon.

A ... DOUBLET SEPARATION

B " HYDROCEN CONTRIBUTION

_"----'_+8~__

MASS O£f£CT

Figure 4. Components of a mass
defect

Table IV. Mass Numbers for Different Values of nand m
m

n 2n + 2 2n + 1 2n 2n - 1 2n - 2 2n 3 2n-42n-5 2n - 6 2n -7 2n - 8 2n - 9 2n - 10 2n - 11

2 :30 29 28 27 26 25 24
3 44 43 42 41 40 39 38 37 36 35 34 33 32 31
4 58 57 56 55 54 53 52 51 50 49 48 47 46 45
5 72 71 70 69 68 67 66 65 64 63 62 61 60 59
6 86 85 84 83 82 81 80 79 78 77 76 75 74 73
7 100 99 98 97 96 95 94 93 92 91 90 89 88 87
8 114 113 H2 III 110 109 108 107 106 105 104 103 102 101
9 128 127 126 125 124 123 122 121 120 119 118 117 116 115

10 142 141 140 139 138 137 136 135 134 133 132 131 130 129
11 156 155 154 153 152 151 150 149 148 147 146 145 144 143
12 170 169 Hi8 167 166 165 164 163 162 161 160 159 158 157
13 184 183 182 181 180 179 178 177 176 175 174 173 172 171
14 198 197 196 195 194 193 192 191 190 189 188 187 186 185
15 212 211 210 209 208 207 206 205 204 203 202 201 200 199
16 226 225 224 223 222 221 220 219 218 217 216 215 214 213
17 240 239 238 237 236 235 234 233 232 231 230 229 228 227
18 254 253 252 251 250 249 248 247 246 245 244 243 242 241
19 268 267 266 265 264 263 262 261 260 259 258 257 256 255
20 282 281 280 279 278 277 276 275 274 273 272 271 270 269
21 296 295 2H4 293 292 291 290 289 288 287 286 285 284 283
22 310 309 308 307 306 305 304 303 302 301 300 299 298 297
23 324 323 322 321 320 319 318 317 316 315 314 313 312 311
24 338 337 336 335 334 333 332 331 330 329 328 327 326 325
25 352 351 350 349 348 347 346 345 344 343 342 341 340 339
26 366 365 364 363 362 361 360 359 358 357 356 355 354 353
27 380 379 378 377 376 375 374 373 372 371 370 369 368 367
28 394 393 392 391 390 389 388 387 386 385 384 383 382 381
29 408 407 406 405 404 403 402 401 400 399 398 397 396 395
30 422 421 420 419 418 417 416 415 414 413 412 411 410 409
31 436 435 ,134 433 432 431 430 429 428 427 426 425 424 423
32 450 449 ·148 447 446 445 444 443 442 441 440 439 438 437
33 464 463 162 461 460 459 458 457 456 455 454 453 452 451
34 478 477 476 475 474 473 472 471 470 469 468 467 466 465
35 492 491 490 489 488 487 486 485 484 483 482 481 480 479
36 506 505 504 503 502 501 500 499 498 497 496 495 494 493
37 520 519 518 517 516 515 514 513 512 511 510 509 508 507
38 534 533 532 531 530 529 528 527 526 525 524 523 522 521
39 548 547 546 545 544 543 542 541 540 539 538 537 536 535
40 562 561 560 559 558 557 556 555 554 553 552 551 550 549
41 576 575 574 573 572 571 570 569 568 567 566 565 564 563
42 590 589 588 587 586 585 584 583 582 581 580 579 578 577
43 604 603 602 601 600 599 598 597 596 595 594 593 592 591
44 618 617 616 615 614 613 612 611 610 609 608 607 606 605
45 632 631 630 629 628 627 626 625 624 623 622 621 620 619
46 646 645 644 643 642 641 640 639 638 637 636 635 634 633
47 660 659 658 657 656 655 654 653 652 651 650 649 648 647
48 674 673 672 671 670 669 668 667 666 665 664 663 662 661
49 688 687 686 685 684 683 682 681 680 679 678 677 676 675
50 702 701 700 699 698 697 696 695 694 693 692 691 690 689
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Table V. Mass Defects of Hydrocarbon Ions CnH2n +2to CnH2n_1I

m
Molecular 2n + 2 2n + 1 2n 2n-1"2n-2 2n-3 2n-4 2n-5 2n-6 2n-7 2n- 8 2n - 9 2n -10 2n ---' 11
formula Mass units X lOS

C12nHm -13.4 -6.7 0.0 6.7 13.4 20.1 26.8 33.5 40.2 46.9 53.6 60.3 67.0 73.7
0 13012n _ 1H.._1 -8.9 -2.2 4.5 11.2 17.9 24.6 31.3 38.0 44.7 51.4 58.1 64.8 71.5 78.2
0'S20 12.._.H.._2 -4.5 2.2 8.9 15.6 22.3 28.9 35.6 42.4 49.1 55.8 62.5 69.2 75.9 82.6
0 13S012"-3H......J 0.0 6.7 13.4 20.1 26.8 33.5 40.2 46.9 53.6 60.3 67.0 73.7 80.4 87.1
013.C12n_.Hm_. 4.4 11.1 17.8 24.5 31. 2 37.9 44.6 51. 3 58.0 64.7 71.4 78.1 84.8 91.5

2n + 6 2n + 5 2n + 4 2n + 3
C13C'2n_,H",_1 -15.6
C132C12n_2Hm_2 -17.9 -11.2
C13sC12,._sHm-3 -20.1 -13.4 -6.7
C13.C12n_.H",--4 -22.4 -15.7 -9.0 -2.3

Table VI. Mass Defects of Ions Cn_1H"'-40

m
Molecular 2n+2 2n+ 1 2n 2n-1 2n-2 2n-3 2n-4 2n- 5 2n-62n-7 2n- 8 2n - 9 2n - 10 2n - 11
formula Mass units X loa

C12.._1Hm _.O 23.0 29.7 36.4 43.1 49.8 56.5 63.2 69.9 76.6 83.3 90.0 96.7 103.4 110.1
ClSC12n _ 2Hm _ i O 27.4 34.1 40.8 46.5 54.2 60.9 67.6 74.3 81.0 87.7 94.4 101.1 107.8 114.5
C132C13.._sH",_60 31.9 38.5 45.3 52.0 58.7 65.4 72.1 78.8 85.5 92.2 98.9 105.6 112.3 119.0
Cls.C12..-4H.._70 36.4 43.1 49.8 56.5 63.2 69.9 76.6 83.3 90.0 96.7 103.4 110.1 116.8 123.5
C13.C12..-6H..-sO 40.8 46.5 54.2 60.9 67.6 74.3 81.0 87.7 94.4 101.1 107.8 • 116.5 121.2 127.9

2n + 6 211.+5 2n+4 2n+ 3
ClSC12n_.H..-60 20.7
C132CUn -3H..-t0 18.5 25.2
C13.C12.~...... 70 16.3 23.0 29.7
C13.C12n_JI..-tO 14.0 20.7 27.4 34.1

Advantages of the eH2 Mass Scale.
The chief advantage of using a mass
scale based on CH. = 14.0000 is that
the number of precise masses to be
calculated, stored, and compared with
data from a sample is very greatly
reduced.

A further advantage of the CH2mass
scale is that the identification of ions is
simplified. As shown in Table III, all
ions in a homologous series have the
same mass defect. Ions having masses
14 units apart and having similar de­
fects could be assumed to have similar
structures and to differ only in the
number of CH2units. Averaging these
defects gives a more accurate value for
comparison with the tables.

Still another advantage of the CH2
scale is that the same defects apply in
the higher mass ranges. Above about
500 mass units the defects calculated do
not cover all of the possible combina­
tions of atoms, but they do cover a
proportion. The proportion covered
decreases with increasing mass number,
but those combinations not included
2.re unlikely combinations with large
numbers of carbon atoms and relatively
few hydrogen atoms.

An example of the value of the CH,
mass scale is given in Table III in
which the masses of series of paraffins,
alkyl naphthalenes, and aliphatic ke­
tones, which have parent peaks at the

same nominal masses, are compared.
In these examples the mass defects for
all the naphthalenes are the same, and
obviously different from those for
paraffins or ketones. Ions having one
less hydrogen atom than each of the
examples given have mass defects
which are larger by 0.0067. They there­
fore give sets of values similar to those
presented in Table III.

MASS DEFECT TABLES

It will be appreciated that the data in
Table III on naphthalenes, paraffins,
and ketones would be better expressed
in terms of the defects-i.e., naphtha­
lenes, 0.0804, paraffins, -0.0134, and
ketones 0.0230. The negative defect
of paraffin parent peaks is an exception
to the general rule.

The most useful way of having these
data available would be in the form of
tables each of which would relate to a
particular kind of molecular formula-,­
e.g., the formula CnH"" where (2n + 2)
<J::m<J:: (2n - 11) would cover the parent
peaks of all the simpler hydrocarbons
including paraffins, olefins, cyclo­
paraffins, akylbenzenes, styrenes, tetra­
lins, and indanes and indenes. For a
given mass number, the values of nand
m may be obtained from Table IV.
The same molecular. formula with a
lower value of m would cover most

Table VII. Contributions to Mass De­
fects by Elements in Combination with

Carbon and Hydro!3ena
Defect for
m = 2n

(millimass
Element Formula of ion units)

Deuterium CnHm-2D 1.55
Phosphorus Cn- sHm+'P -13.1
Nitrogen Cn_1H.._.N 12.5
Oxygen Cn-IH.._,0 36.4
Sulfur-32 Cn-2H..-aS" 90.5
Sulfur-34 Cn-.Hm-loS" 110.3
Fluorine Cn-2Hm+oF -37.5
CWorine-35 Cn-sHm+ 10134 23 .3
Chlorine-37 0n-3Hm- ICl37 41. 9
Silicon OnH..Si 54.3

a The defects may occur as multiples or
combinations of those listed, and may also
be combined with the doublet 0 12 - H12

= 93.8 millimass units.

cases of ions formed when several
hydrogen atoms are stripped off the
paraffins, olefins, and cycloparaffins.
A paraffin with 14 hydrogen atoms
stripped off is indistinguishable from a
naphthalene of the same carbon number,
and the defects for paraffin ions with
between 14 and 28 missing hydrogen
atoms may be found, therefore, from the
table of defects for the parent and
fragment peaks of naphthalenes and
other condensed aromatics. To pre-
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Table VIII. Mass Defects for Basic Combinations of Carbon, Hydrogen, Sulfur, Nitrogen, and Oxygen
Mass Mass Mass
defect defect defect
X lOs Formula X lOs Formula X 103 Formula

<0.0 100.0-109.9 156.5 C,,_loHm-aSsssOs
-81.3 C,,_SH_ION 101.7 C,,_JIm-sS34NOs 156.9 C,,_9Hm_l.8ssSS4N4
-57.4 C,,-sHm+80 102.8 C,,-sHm_IOS34N40 157.9 C"-liH",_laNO.
-45.0 C"-8Hm+~O 103.0 C"-3H",_lOsssN 158.6 C,,_loHm_IoSssS"04
-32.5 C"_6H"'+4N•0 105.7 C,,_oHm-iS32OS 159.1 C,,-JI"'_loS34NO
-21.1 C,,-aHm+40 • 105.7 C,,_aHm_4S34.OS 159.8 C,,_7Hm_1sS'·SO.
-20.0 C"-liHm+2NaO 106.3 C"Hm_uN 159.8 Cn_9Hm_SS32S34s0
-8.6 C"--4H",+sN02 106.8 C,,_oHm_IOSS2NS02

160.0-169.9-7.5 C"-JI,,,N4O 107.0 C"-liHm_oS 32SS'
-3.3 C"-3H"'+4S32 109.1 Cn-3H",_I.Oa 160.2 Cn_6Hm_ISS34N.

0.0-9.9 160.9 C"_9H",_14S'S2NsO
110.0-119.9 160.9 Cn_l1Hm_IoSsSS34.N.

0.0 CnH", 110.2 Cn-liHm_uNa02 161. 9 Cn_7H",_14S3404
3.9 Cn-JImN20 2 110.3 Cn_2H",_IOSS. 163.2 Cn--4Hm_IoSss02
9.1 Cn--4H_.ss·N 112.1 Cn_7Hm-sSs·2N2 163.2 Cn_JI",_12s u20

114.2 Cn_7H",_IOSuN202 164.2 Cn-SHm_U SS42Na
10.0-19.9 115.4 C,,--4Hm_12ss·N2 164.3 Cn-JIm_lsSssNaO

12.5 Cn_IHm_2N 118.2 Cn_7Hm_IOS32NOa 164.9 C,,_l1Hm_IOSsSsS34NtO
15.3 C"--4H",Os 118.2 C,,_9Hm-aSS42NO2 166.5 Cn_IHm_2002
16.4 C,,-JIm_2N.0" 118.8 C"_IHm_I~S 167.6 Cn-3Hm_ssN.0
16.5 Cn-olHm+2S34 119.4 Cn_6Hm-sSSSSS4N 168.3 Cn-SHm_l.8s·SS4N20

169.0 Cn_IIHm_IoSS2aNO.
20.0-29.9 120.0-129.9

21.6 C"-l;H".SssN2 120.7 Cn_IoHm-sS342N202
170.0-179.9

24.9 Cn_.Hm--4N2 121.6 C"--4H",_uNO, 170.4 Cn-eHm_tON204
27.8 Cn-liH",_.NO. 122.2 Cn_9H",_oS,sS34O. 171.6 Cn-iHm_ISSUN20
28.8 C"_7Hm~N40. 122.6 C"-JI,,,_16N.02 172.3 C,,-sHm_l.8ss2N02
29.0 Cn--4H".S34N 122.8 Cn-lHm_12SS4N 172.3 Cn_IoH",_loS32SS42NO

30.0-39.9 123.5 Cn-JIm-sS32sO 174.2 Cn_IoHm-sSI24
123.5 Cn-aH",--<SS2SS42 174.4 C,,-sHm_IoSuN04

33.0 Cn--4H",SssO 124.5 Cn-SH",_loSS22Ns 175.6 Cn_7Hm_I.8S42NO
34.1 C,,-JIm_.SB4O. 125.6 C,,_JIm_IoSS4O, 175.7 Cn-JIm_lsS'2NOs
36.4 C,,_IHm--40 126.7 Cn-sHm_lsSS4N.Ot 176.3 Cn_IoHm_IoS32sSUO.
37.5 Cn-3Hm_6N:s 126.8 Cn-liHm-SS342 176.7 Cn_9Hm-IoSu.N4

126.8 Cn-lHm_lsSS·O 176.7 Cn_7Hm_.oSssN4O
40.0-49.9 127.9 Cn-6H",_14S32N. 177.6 Cn_7H",_lsS32s

40.2 Cn_oHm-Jii.0. 178.4 Cn-IoHm_lsSu204
41.5 Cn-aH",_sSS4N. 130.0-139.9 179.0 Cn-.Hm_.tNO.
45.5 Cn-JIm_2SS·NO 130.1 C"Hm_16O

179.7 Cn_7Hm_14SssSS40.
46.6 Cn_7Hm-4BssN4 130.7 Cn-JIm_I.S32N.0, 180.0-189.948.8 Cn_tH"'-6NO 131.2 Cn_sH",_ISN,
49.9 Cn-JIm_,N, 131.9 Cn_7Hm_IOS32S34N. 180.0 Cn--4H",_S4N40

50.0-59.9 134.0 Cn-liH"'_I~.Oa 180.8 Cn_9H m_IoSssSUN,O
134.7 Cn_IOH",-aS32S34NO. 180.9 Cn-JIm_IoS'22

51.6 Cn-5H'n_"O, 135.3 C,,--4Hm_14S34N2 183.0 C,,--4H m_ISSS4O.
52.7 Cn_7Hn_~.0. 135.9 Cn_9H",_oS32S34.N 184.1 Cn_6Hm_soSS4N,O
52.9 Cn--4H.. _sSS'O 136.0 Cn_7H",_IOSss.NO 184.4 Cn_IHm_.oSSs
53.9 C"_oH,,,--<S34N, 137.0 Cn_9Hm_I.SS2.N, 184.8 Cn_l1Hm_I.S32SU.N.O
58.0 Cn_oHm--<S32N.O 138.1 Cn_7Hm_12SS4NOs 184.8 Cn_9H",_loSsssN.Os

138.7 C,,_loHm-aSS2s0, 186.7 Cn_l1H m_IoSS2,N
60.0-69.9 139.3 Cn_oH",_loSS'.N 187.6 Cn+2H"'_2'

61.3 Cn-lH",-sN2O 139.3 Cn--4Hm_I.832NO 188.1 C,,-SHm_lsS34.N.O
64.1 Cn-JIm_~O, 188.1 Cn_oHm_.oS32N.02
65.3 Cn-5H m--<SS'NO 140.0-149.9 188.8 Cn_l1Hm_I.SS·.S34NOt
66.4 C"_7Hm_sSUN, 140.0 C,,_9Hm_sSS'.SUO
69.4 Cn_6H",--4SS2Q. 140.4 Cn-JI"'_loS32N, 190.0-199.9

70.0-79.9 142.1 Cn_17Hm_12S320, 190.0 Cn-sH"'_I.8S·aN
142.1 Cn_9Hm-sSS'.Os 191.5 C"--3Hm_.,N.02

70.4 C"._7'H",_sS32N.0 142.6 Cn_IH",_laNO 192.2 Dn-sHm_IoS32S34NOs
72.7 Cn-2H",-s0. 143.3 C,,_6Hm_IOSssSUO 192.8 Cn_l1Hm_lsS32,O,
73.8 Cn_IHm_ION.O 143.7 Cn-olH",_.oN4 193.4 Cn-JI",_loSS2.N
76.6 C,,_,Hm-lN.O, 144.4 C,,-JIm_lsSS2SUN. 194.1 Cn_IoHm_IoS32aS34
77.8 Cn_.oHm_oS 34N.O 145.1 Cn_l1Hm-sSssaN.O 195.5 Cn-liHm_.OS34N02

80.0-89.9
145.4 Cn-JI",_1604 196.2 Cn-SH",_loSS·.O,
146.5 Cn_oHm_ISNsOs 196.2 Cn_IoHm_lsS32SS420.

81.8 Cn-JIm_oSS·N02 146.7 Cn-3H",_I.8S4O 196.6 C,,_7Hm_22SS4N40
82.9 Cn-SHm-sSS2N,0 147.7 Cn-5Hm_IoS34Na 196.8 Cn_2H m_22S32N
85.2 C"-3H"'_IONO. 148.4 Cn-SHm_12S32.N.O 197.4 C,,_7Hm_uSSSsS34
86.3 Cn-5Hm_12N,0 148.4 Cn_IoHm-sS32SS'tN2 199.2 C,,_12Hm_I.S32,N2
87.1 Cn-5Hm--<S32. 199.5 Cn-5Hm_SoSSsOs
89.2 Cn-5H",_oS34Os 150.0-159.9 199.5 Cn_7Hm_IoSS4s0s

90.0-99.9 150.5 Cn-sHm_I.8UNsO, 200.0-209.9151.8 Cn-JIm_IoSssN20
90.3 C,,_7Hm-SSS'N,O 151.8 Cn_7H",_lsSUsNS 200.1 Cn+IH"'_S6N
90.5 C,,_2Hm-sS32 152.5 C"_IOH,,,-aSS22suNO 200.6 Cn_9Hm_lsS,4sN.0
93.8 C"+IH"'_12 154.6 Cn-sHm_1.8S·NO, 200.6 Cn_7Hm_22S,sN,02
94.3 C,,_7Hm-SS32Ns0 2 154.6 Cn_IoHm_loS342NO, 200.8 Cn--4Hm_lsSSsSu
97.6 Cn-JIm_1sN.Os 155.1 Cn_sHm_20N20 202.5 Cn_9Hm_IoSssaN2
99.6 Cn_6Hm-aS32sN 155.8 Cn_7Hm_lsS32S34NO 202.9 Cn-SHm_S40a
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Table VIII. Mass Defects for Basic Combinations of Carbon, Hydrogen, Sulfur, Nitrogen, and Oxygen (continued)

Mass Mass Mass
defect defect defect
X 10' Formula X 10' Formula X 10' Formula

204.0 C..~H.._.&N.0. 246.3 C.._9H.._.oS".S·4NO 293.0 C.._llHm_..S32.N.
204.1 C.._IHm_••SM 246.9 Cn_I.H.._IoS32.0. 293.3 C"_SH.._28SM.O.
204.6 C.._9Hm_ISS·2S34N.0. 248.4 C.._9Hm_.2S34.NO, 293.3 C..~Hm-l2S'20.
205.9 C..-llHm_.oS322N. 248.4 C.._7Hm_.oS32NO. 293.9 C"+2Hm-asN
206.5 C.._IIHm_12S",S34N 248.9 C.._IHm_32N.0 294.4 C.._sHm~OS342N .0
208.0 C.._sHm_22S34N.02 249.6 C.._SHm_2.s32S34NO 294.4 C.._sHm-3,N,02
208.7 C.._,Hm_ISS322N0, 294.6 C..-3Hm-30S 32S34

208.7 C.._llH.._14S32S·42NO. 250.0-259.9 296.4 C..-8Hm_.sSa'.Na
209.2 C..-3Hm_24S32N2 250.3 C.._llHm_loS·2sS'4.0 296.7 C.._IHm_,sO.
209.9 C.._sHm_ISS32.S·4N 250.3 C.._9Hm_soS".Oa 297.8 C..~Hm-asN,02

297.9 C..Hm~S"
210.0-219.9 250.7 C.._sHm_.oS32S34N. 298.4 C..--aHm-3oS·2S"NaO,

C.._llHm_12S".0
251.7 C..~Hm-3oNO, 299.7 C..-aHm-asS·2.N.210.6 252.4 C.._,Hm_22S·2S34O,

212.0 C..-8Hm_ISS342N0, 253.0 C"-3Hm_osS34NO 300.0-309.9
212.0 C.._sHm_22S 32NO. 253.6 C.._.Hm_20S·2S8420 300.4 C.._IsHm_2aS".S34N
212.6 C..Hm_28N, 253.6 C.._sHm_.,S·2202 301.8 C..-iHm-a.8uN202
212.7 Cn_IIHm_14S32.S"O, 254.0 Cn-5Hm-aoS"N, 302.5 C..-aH..-30S22,NO,
213.3 Cn-5Hm_'OS32S·4N 254.7 Cn_IoHm_22S32S34,NI 302.5 C.._IsHm_,oS3'S342NO.
213.9 Cn-8Hm_lsS32.0 254.7 Cn-3Hm_,oS32,N.0 303.0 Cn_,Hm-3sS32N,
213.9 C.._IoHm_12S32,S", 255.7 Cn_sHm_.oS 34O. 303.7 C.._7Hm_28S"sS34N
215.0 Cn_IoH';'_ISS32.N. 257.0 Cn-5Hm_,.S·42O 304.4 C.._IoHm_2,S32.0
215.4 Cn-3Bm_.&NO. 257.0 Cn--.'lHm_2.S320, 305.8 C.._7Hm-aoS34,N02
216.0 Cn-8Hm_lsS·2S34O, 258.1 C..-5Hm-30S32N.0 305.8 Cn-aHm-3.S32N03
216.4 Cn_,Hm_2SN.0, 258.1 Cn_7B m_2sS34.N. 306.4 Cn+1Hm~a
216.6 Cn_,Hm_24S"N 258.7 Cn_IoHm_22S32sS·4N20 306.5 C.._IoHm_2oSa2sS340,
217.3 Cn_7Hm_IoS82S34, 307.0 C..-JIm-3sS32S34N
217.3 C..-5Hm_20S3220 260.0-269.9 307.7 Cn_,H.._2aSn sS34•
218.4 C.._7Hm_22S32,N.

260.3 C..Hm-320, 307.8 C.._7Hm_28S82.0
219.0 Cn_12Hm_I.s32.S,4N2

261.4 C.._,Hm~N,O 308.8 Cn_9Hm~OS82IN,
219.4 C.._,Hm_22S34NO,

262.1 C.._7Hm_2oS 32S34N,O 309.2 C.._.H..~sNO,
220.0-229.9 262.8 Cn_IoHm_'2S32.NO, 309.8 C.._7Hm~OS32S340,

220.5 C.._7Hm_,.S34N.02 262.8 Cn_12Hm_IaS32,S34,NO 310.0-319.9
220.6 C..-JIm_2oS·42 264.2 C..-aHm--.'l,N,O. 310.3 C..-JIm~oN ,0.265.4 C..-JIm-3oS'·N,O220.6 C.._2Hm_24S320 266.1 Cn_,Bm_22S·2S·4,NO 310.4 C.._IHm-3sS34N
221.7 C..~Hm_2,S32N • 266.1 Cn_7H.._2sS322N02 311.1 C..~Hm-32SS2.0
222.4 C.._9Hm_ISS322S·4N.

266.8 C.._I.Hm_ISS"sS340. 311.1 C.._sHm_osS22Sa4,
223.1 Cn_I.Hm_I.sS2,NO

268.0 C.._9Hm_.OS324 312.2 Cn_sHm-a<S22.N.
224.0 Cn+IHm_28O 312.8 Cn_llHm_.sS32sS84N.
224.5 C.._sHm_.oS 34,N.0. 268.2 C.._7Hm_.SS34NO.

313.2 C..-JIm--.'laS34os269.5 Cn--sH.._•.su.NO224.5 C.._7Hm_.4SS2N.Oa 269.5 Cn~Hm--.'lOS32NO,
314.3 C.._sHm-3oS34N.0.

225.0 C.._IHm-3oN• 314.4 C..-3H..~14.
225.7 Cn_sHm_.sS32S34N. 270.0-279.9 314.4 C.._IH"--.'loS 82O
226.4 Cn_IIHm_I.S".S342N 315.5 Cn-3H..-3SS32NI
226.4 Cn_9Hm_ISS32,N0 270.1 Cn_9Hm_.sS32sS840. 316.2 C..-8Hm--lOS32sS34N.
227.8 C.._.Hm_28N.Os 270.5 C..-3Hm_.sS 34.N, 316.9 C.._llHm_.oS82.NO
228.5 C.._,Bm_.oS"S·4NO. 270.5 C.._sBm-32S82N,0 317.8 Cn+.Hm-400
229.1 C..-3H.._.sS,4N. 271.4 C.._sHm_..S32• 318.3 C..-8Hm-3.Su.N.0.
229.7 C..-aHm_ISS32S".N 272.2 Cn_9Hm_.aS 34.O, 318.3 C.._sHm-3sS32N20,
229.8 C.._sH.._22S·2•NO 272.8 C.._IH..~NO. 318.8 C..Hm~N.

230.0-239.9
273.5 C.._sHm_.sSnsu02 319.5 C..-iHm-a<S32S14N.
273.8 C..--.'lHm-a&N,0

230.4 C.._llHm_I.S·2.S·40 274.6 C.._sHm_'SS32S34N.0 320.0-329.9
230.8 C..-aHm_.4S·2.N. 274.7 C..--.'lHm_asS". 320.2 C.._IOHm_.oSnsS34.N
231.9 C.._sHm_•.s34NO. 276.8 C..--.'lHm--.'loS"O. 320.2 C..-aHm-30S32.NO
232.5 C.._IIHm_lsS32S34.0. 277.9 C"-5Hm--.'lsS34N.O 321.6 C..--.1Hm-40N.O,
232.5 C.._,Hm_.oS".O. 278.1 C..Bm--.'l'S" 322.3 C.._8Hm-l2S32S34NO.
233.1 C';-3Hm_.sS·'NO 278.6 C.._IOB m_•.s·2S··.N.0 322.9 C._aH..-3sSuN•
233.1 C..-5Hm_22S84.N 278.6 C.._.Hm_••S".N.O. 323.6 C..-5Hm-34S22•NO
233.8 C.._SHm_ISS·2.S340 323.6 C.._7Hm-30S·'S··.N
234.2 C.._,Hm_.sS32N4 280.0-289.9 324.2 Cn_IoHm_.sS"sS"O
234.9 Cn_IoHm_.oS",S34N. 280.5 C.._IOHm_.,S".N 324.6 C.._7Hm-3sS32•N•
235.9 C.._.Hm_.OS·4,O, 281.4 C"+3Hm--.'ls 325.7 C.._i Hm-3.suNOa
235.9 C.._sHm_••S320 4 281.9 C.._7Hm_.sS34.N.0 326.3 C.._IoHm_••S32S34.0.
236.5 C..Hm-3oNO 281.9 Cn-5Hm--.'l.S32N,0, 326.4 C"-8Hm-asS32.O,
237.1 C.._6Hm_.sS32S34O 282.6 C.._IoHm_.4Sa'2S34NOa 326.9 Cn~Hm-aaS",N

237.5 C.._.Hm-3.N• 283.9 Cn_7Hm_•.s32.N 326.9 C.._.Hm-3.S32NO
238.2 C.._7Hm_••S"S'·N. 285.3 C.._,Hm-3sN.0. 327.6 C.._7Hm-3oS"sS··0
238.9 C.._IOHm_20S32.N,0 286.0 C.._7Hm_••S"S"N02 328.0 C..~Hm_40S·'N •
238.9 C.._12Hm_16S·2.S·4.N. 286.6 C.._I.Hm_,oS"sS·\Oa 328.6 C.._9Hm-3sS 22,S34N.
239.3 C..-3H';'_••O, 286.6 C.._IoHm_2.s32.O, 329.7 C.._i Hm-3sS32O.

240.0-249.9 287.2 C..-JIm-30S32,N 329.7 C.._7Hm-1lsS··.0 •

240.3 C..-5Hm-3oN.0, 287.9 C.._9Hm_22S32sS34 330.0-339.9
240.5 C.._,Hm_,sS.40 289.3 C..~Hm--.'l2S34NO. 330.3 Cn+IHm~NO

241.6 C..~Hm_••S'4N, 290.0-299.9 330.9 C.._.Hm-a.8'2S34O
242.2 C.._9Hm_.oS"S34.N, 331.3 C.._IHm~N.
242.2 C.._7Hm_••S32,N,0 290.0 C.._9Hm_saS32S34.O. 332.0 C.._sHm-1lsS 32S34NI

242.9 C.._I,Hm_lsS32.S34NO 290.0 Cn--7Hm_28S22.O, 332.7 C.._9Hm-1lsSu •N.0
244.3 C.._7Hm_.sS34N,0. 290.4 C..-eHm_saSuN,O 332;7 C.._llHm_osS".S34.N.
245.6 C..~Hm_.sS"N ,0 290.5 C.._IHm-3aS 32N 333.0 C.._.Hm-400,
245.6 C.._sH.._•.s342N. 291.2 C..-llHm_,sS32sS34 (continued)
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Table VIII. Mass Defects for Basic Combination of Carbon, Hydrogen, Sulfur, Nitrogen, and Oxygen (continued)
Mass Mass Mass
defect defect defect
X lOs Formula X lOS Formula X lOs Formula
3:34.1 Cn-aHm__42NsOs 380.0-389.9 420.7 Cn_IHm-lioSS2NO
834.3 Cn_IHm_-3llS 34O

380.4 Cn_llHm-li2SS22SS4202 420.7 Cn-liHm-<6S34iN:335.4 Cn-liHm.--4{)SS4NS
380.5 Cn_9Hm-'laSS2s0s 421.4 Cn_aHm_42SS2.SS40

336.0 Cn-aH.m-'laS322N20 381.0 Cn-liHm-<2S S22N 421.8 Cn-liH m_i,8S2N4
336.0 Cn-&Hm....SS2SU.N2 381.7 Cn-8Hm-'laSS2sSS4 422.5 Cn_SHm-<4Su2S34N3
836.7 Cn_llH.._2SS323S34NO

:383.1 Cn-'lHm_4aSs4N02 423.5 Cn-aHm--44S3420S338.3 Cn_aHn>-38S 84N203 383.8 Cn-8Hm-'l6SS2S34202 424.1 Cn+,Hm_62NO339.4 Cn-'lH"--40S32N20 424.7 Cn-'lHm--4aSUSS40
339.4 Cn_6H,n_3aS342Ni 383.8 Cn_aHm_4oS 32203 425.1 CnHm-li6N4384.2 Cn_6Hm_4aS84N40

384.4 CnHm...aS32N 425.8 Cn_6Hm-<aS32S84N3
340.0-349.9 385.0 Cn_6H m-'lSS322S34 426.5 C,,_loHm--40Su 2S342N2

386.8 Cn_IOHm-'laS324N2 426.5 Cn_SHm-<4S".N20
340.1 Cn-aRm-'l2S322S34NO 387.1 Cn-liH m_4OS84202 426.8 Cn_IHm_U04
340.7 Cn_1IHm_2aS32402 387.1 Cn-'lHm-<4S 3203 427.9 C,,_.Hm-.li4N.03
342.2 Cn-8Hm-'l4S842N03 387.7 Cn+3H m-lioN 428.1 CnHm_60S840
342.. 2 Cn_,Jlm-'laS32N04 388.2 Cn_7H m--42S 342N30 429.2 Cn_2Hm-li2SuN3
342.7 C"H",_44N2O 388.2 Cn-liHm-<aS 32N302 429.8 Cn-liH m-<sS322N20
343.4 Cn-liHm-'laS32S34NO 388.4 Cn_2Hm_42S32S84 429.8 Cn_7Hm_44SuSu2N2
344.1 Cn_l.jHm_ZSS32iS3420
344.1 Cn-8H m-'l2S32302 390.0-399.9 430 _0-439 .9
344.4 Cn---7Hm-38S32S34N4

390.1 Cn_7Hm_40S 323N2 430.5 Cn_IoHm_4OS323SS4NO345.5 C"--,,Hm--42NO.
390.5 CnHm--4803 431.9 Cn_6Hm-iOS34N.Os346_2 Cn_,Hm-'laS32s8404

346.8 Cn_2H m--4oS 84NO 391.6 C,,-2Hm-lioNS02 433.2 Cn_.H..-.li.S32N.0
347.4 C,,__7Hm-'l2S32S3420 391. 7 Cn+ IHm_4aS S4 433.3 Cn-<H..--4sS34.N.
347.4 Cn._6Hm_saSS2202 392.2 Cn_7Hm_42S32S84N202 433.9 Cn_7H,n-<aS32aS34NO
347.8 C"..JIm_42S84N4 393.5 Cn_.Hm_44S S22N2 434.6 Cn_IoHm-<oS u,02
348.5 Cn_9Hm-'laS32S84.N3 394.2 Cn_9Hm--saSS23S34N 436.0 Cn_6Hm-.lioSuN04
348.5 Cn_7Hm-'lSS322N30 395.6 Cn--4Hm--46S 34N202 436.0 Cn_7Hm--4aSS4.N03
349.5 C,._6Hm-'lSS840 4 396.3 Cn_7Hm_42SS22N03 436.5 Cn+IHm_wN20

396.3 Cn_9Hm-38SS2SS42N02 437.2 Cn_4Hm--4sS"SS4NO
396.8 C,,_IHm--48S 32N2 437.9 Cn_9Hm_40S32.S3420

350.0-359.9 397.5 C,,_aHm--40SS22S 84N 437.9 Cn_7H m_,.83230.

C..~m--saS8420
398.2 Cn_9H m-'l6S3240 438.2 Cn_6Hm_60S"S34N,350.8 399.6 Cn--4H m_4aS 32NOs 439.3 Cn_2H m-.li,NO,350.8 Cn_2Hm-<OS3202 399.6 Cn_6Hm--42S342N02351.9 C..-aHm--saS842N3 440.0-449.9351.9 C.._4Hm-<2SS2NsO 400. 0-409. 9

352.6 Cn_9Hm-'laS32,sS4N20
400.2 Cn+IHm_52N2

440.0 C.._7Hm-<aS3·S34O,
354.1 Cn+IHm-<402 440.6 Cn_IHm_62SS4NO
355.2 Cn_IHm_'6N30 400.3 C.._9Hm-'lSS322S3403 441.2 C.._4Hm-<sS32iO.
355.9 Cn_6Hm-'lsS32SS4NiO 400.9 Cn--SHm--44S32SS4N 441.2 Cn_aHm_44SI2S3420
356.6 C.._9H m-.li4S323NO. 401.5 C..-sHm-'laSs'2S34• 441.6 Cn_3Hm_..884N4
356.6 Cn_llH m-'lOS322SS4.N0 401.6 Cn_6Hm_4oSs'30 442.3 C,,,_aHm_6oS122NsO
358.0 Cn_4Hm~.04 402.6 C,,-8H m--42S323N. 442.3 Cn-8Hm_4aSuS842l"3
359.2 C"-'lH"'-<2SS4N2O 403.0 Cn-IHm_50NOs 443.3 Cn--4Hm-.lioS 8404
359.9 C,,-8Hm-'l4S32S84.NO 403.7 Cn_6Hm--42SS2S8403 444.6 Cn-'lHm_4aS34.O
359.9 Cn_aHm-'lSS3'.NO. 404.1 Cn-'lHm-.li2N40. 444.6 Cn_IH m-.li.S 3202404.2 CnH,n--43S 84N 445.7 Cn-.liH ..-.lioS S4iN3

360.0-369.9
404.9 C"-'lHm-<4S S220 445.7 Cn-'lHm-.li4S32NsO404.9 Cn_5Hm_4oS32S842 446.4 Cn_SHm_4aS·2iS34N.0

360.6 Cn_IIHm-'lOSs'3S3402 406.0 Cn-.liHm_4aS322N3 447.9 Cn+2H m-i602
361.9 Cn-8H m-'l2S 324 406.7 Cn_IOHm-'lSSS23S34N2 449.0 CnHm-.liSN3O
362.0 Cn-aHm_40SS4N04 407.0 Cn-- SHm--46S3403 449.7 Cn-.liH m-.liOS"S 34N20408.1 Cn-.liHm--4SSS4Ns02363.3 Cn-'lHm_42SS2NOi 408.2 Cn_2H m-<4S S42363.3 Cn-.liHm-'lsS342NO 408.2 CnHm--4sSS20 450.0-459.9
364.0 Cn_SHm-'l4SS22S3402 409.3 Cn_2Hm_60S32Ns 450.4 Cn_aHm_4aS32

3N02364.3 Cn_7H m-<oS842N4
450.4 Cn_lOHm_42SuiS",N0364.4 Cn_5H m-<4Ss'N40 410.0-419.9 451.8 Cn-'lHm_56N.0.365.2 Cn_6Hm-'laSS2s

Cn_7Hm--42SS22S84N2 453.0 Cn_2Hm-.li,S"N.0366.1 Cn_SHm-'laSS4204 410.0
453.7 Cn-.liH m-.liOS S2iNO2366.6 CnHm_46N02 410.7 Cn_IOHm-'laSS24NO
453.7 Cn_7Hm--4aS32S"'-~0367.3 Cn-.liHm-'laSS2S 840 2 411.6 Cn+3H m-.li20 454.4 Cn_IoHm-<2SS2SSS'02367.6 Cn_2H m-<sN40 412.1 Cn_6Hm--4SSS2N20S
455.7 Cn_7H m-<aS 324368.4 Cn_7Hm--40SS2SS4NsO 412.1 Cn_7Hm-<4S842N.02
455.8 Cn-.liH m-.li2S84N04368.5 C.._2H m--40S3'2 412.6 C,,+IHm_64Ns 457.1 Cn~m_.oSS42NO413.3 Cn...Hm--4aS32SS4N2

413.5 Cn---<Hm--4aS S204 457.1 Cn_2Hm-.li4S·iN02
370.0-379.9 414.0 Cn_9Hm-'lsS322S342N 457.8 Cn_7Hm_,aSS22S"02

414.0 Cn_7Hm_42S32sNO 458.1 Cn_aHm-.li2S 84.N4370.6 Cn_2Hm_42S8402
415.4 C,,_2Hm_62N20 S 458.2 C"_4Hm-.liaS32N.,O371.7 C,,_4Hm-<4S 84N3O 416:1 C,,_7H m-<4S 32S84NOs 459.0 Cn_4Hm_48SS2S

371.9 Cn+,Hm_44S32
416.7 Cn_IHm_50S84N2 459.9 Cn_7H m-<sSs'.04372.4 Cn_9Hm-'l6S32SS42N20
417.4 Cn_aHm--42S 32S842N372.4 C,,_7Hm--40S322N202
417.4 Cn--4H m--4aS S2.NO 460.0-469.9374.3 C,,_9H m-'l4S324N
418.1 Cn_9H m-'lsSS2aS84o C,,+,Hm-.lisNO-,375.~: Cn+4H m--4s 460.4

375 .•' Cn_aHm_4oS842N20 418.4 Cn_6Hm--4SS322N4 461.1 Cn--4Hm-lioSS28 840 2
375.7 Cn--4Hm_44SS2N20. 419.5 Cn_4Hm_4SSS4NOs 461.4 Cn_IHm_60N40
376.4 Cn_9Hm-'laSS22SS4NO2 420.0-429.9 462.2 Cn_6Hm-.li2S32SS4NsO
377.7 Cn_6Hm-'laS323N 462.3 Cn_IH m-.li2S 32,

379.1 C,,_IHm--48N202 420.2 C,,_7Hm-<4S S220. 464.4 C,,_IHm_64S84O.
379.8 Cn_6Hm--40SS2SS4NO2 420.2 Cn_9Hm~loS32SS420S 465.5 Cn-'lHm-.liaS3<·N30
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Table VIII. Mass Defects for Basic Combinations of Carbon, Hydrogen Sulfur, Nitrogen, and Oxygen (continued)

Mass Mass Mass
defect defect defect
X 103 Formula X 103 Formula X 103 Formula

465.7 Cn+.Hm-:>,s3. 498.7 Cn-4Hm_62S32S34. 532.0 Cn-:>Hm_62S32S 34N4
466.2 Cn_.Hm-:>.S32.N.02 499.8 Cn-4Hm_63S3'.N3 533.8 Cn-.H..-:>,s32S340 4
466.2 Cn_3Hm-48S3'S34.N.0 535.0 Cn-'lHm_60S32.0.
468.1 Cn-8Hm-4,s3'4N 500.0--509.9 535.0 Cn-:>H",.....,sUSS4.0
469.0 Cn+6Hm-60 500.5 Cn_.Hm-:>OS3'aS 34N. 536.1 C.._7H..-:>,sUS34.N.
469.5 Cn-:>Hm_6,S342N20 500.8 Cn_.Hm-:>,s340 3 536.1 Cn-:>Hm_6,S32.N30
469.5 Cn-'lHm- 66S32N20. 501.9 Cn-4Hm_G0834N30. 537.1 Cn-'lHm_6SS340 4

502.0 Cn_IHm_6,s34. 538.4 Cn_.Hm_G0834.0
470.0-479.9 502.0 Cn+IHm_6oS320 539.5 Cn_4Hm_6SSS4.N3

470.2 Cn_SH m_4,s32.B34NO. 503.1 Cn_IHm_62S3.2N3 540.0-549.9
471.5 Cn-:>Hm_60S323N 503.8 Cn_6Hm-:><S3'2SS4N.
472.9 CnH m_60N.02 504.5 Cn_OHm_60S324NO 540.2 Cn_7Hm-'l,s"2S34N,O
473.6 Cn_6Hm_6,S3'S34N02 505.9 Cn_6Hm-'l6S342N20. 543.5 Cn-4Hm_6,S3'S34N.0
474.3 Cn-8H m--4.s 32303 505.9 Cn_4Hm_60S3'N.03 544.2 Cn_7Hm_66S323NO."
474.3 Cn_IoHm_4.B 32,S34.0, 507.1 Cn--"Hm-'lSS3'S34N. 544.2 Cn_oHm-54S32.SS42NO
474.8 Cn_.Hm_64S322N 507.3 Cn--"Hm_60S3'04 547.5 C,,_6Hm--'iSS32S84,NO
475.5 Cn_7Hm-46S3'3S34 507.8 Cn_6Hm_64S3'3NO 547.5 C,,-4Hm_6,S3'.NO,
476.9 Cn_2Hm--'i,s34NO. 507.8 Cn-8Hm_60S32.S34.N 548.3 Cn_oHm--'i.B3'3S 640 2
477.6 Cn_6Hm--'i'S32.03 509.9 Cn_6Hm_66S3'S34N03 549.5 Cn_6Hm_5,s324
477.6 Cn_7Hm_.aS 3.S34.02 550.0-559.9
478.0 Cn-4Hm--'iSS34N40 510.0-519.9
478.2 Cn+IHm..,.,s3'N 510.5 CnHm_6.S34N, 550.9 C"--,,Hm_62S34,NO
478.8 Cn-4Hm--'iOS322S34 511.2 Cn--'iHm--'i.B3'S34,N 551.6 Cn_.Hm--'iaS32.S34O.

511.2 C"-'lHm-:>aS3'.N0 552.8 Cn--"Hm_60SU3
480.0-489.9 511.9 C,,_SHm--'iOS323S340 553.7 Cn_6Hm_60SS4204

480.6 Cn_oHm-<.83'4N, 512.2 C"--'iHm_G08 3'2N4 554.9 Cn--"Hm_6,S3'S 34O,

480.9 Cn.-.Hm--'i.S34.O. 513.3 Cn-'lHm_60S34N03 560.0-569.9
480.9 Cn_.Hm-'l,sU03 514.0 Cn_6Hm_6,s3'20 4
482.0 Cn-4Hm..,.,s32N30. 514.0 Cn-8Hm-:>,S32S34.03 560.0 Cn_7H"'_6oS3'S34,N.0

482.2 C,,_IHm-54S32S34 514.5 Cn_,Hm_6sS34.N 561.9 Cn_7Hm-:>.sS'.N

482.8 Cn_.Hm_5.8 34.N30 51:4.5 CnHm_6.B32NO 564.0 Cn_7Hm_6oS3'2S34N02

483.9 C.._6Hm_62S323N. 515.2 Cn_5Hm--'i.832,S340 565.3 Cn_4Hm_6.S323N

484.3 C..+1Hm_600 3 516.3 C,,_7Hm--'i6S32.S34N3 568.1 Cn_7Hm_60S·'303
517.3 Cn_6Hm_6,s34.03 568.1 C,,_OHm--'i6S32.S34.02

485.5 Cn+.H..--'i.su
518.5 Cn-:2Hm_6sS32S340 569.3 C.._6Hm_6SS3'3S34

486.0 Cn_.Hm-:>.83'S34N202
487.3 C..--"H"'--'isS322N• 519.6 Cn_4Hm_G0832S34N3 570.0-579.9
488.0 Cn-8H m--4sS323S34N 520.0-529.9 Cn_6Hm_60S3'S34,O,489.4 Cn--"Hm-:>sS34N.0, 571.4

520.3 Cn_7Hm--'isS323N.0 572.6 Cn-'lHm_U SU2S34
490.0-499.9 520.3 Cn_.Hm_62S3'.S34,N. 574.4 Cn_sHm_G08324N,

490.1 Cn_6Hm-5.B32.N03 521.9 Cn+lHm_62S340 580.0-589.9
490.1 Cn_SHm_50S32S34,NO, 523.6 Cn-4Hm_60S3'.N.0

523.6 Cn_.Hm_66S3'S34.N. 581.8 Cn_7Hm_60S3'3S34N
490.6 CnHm_60S3'N2 525.3 Cn_OHm_5,S3'3S34NO 583.9 Cn_7Hm-5,S32S S4,NO2
491.3 C"--'iHm-:>,S3'.S34N 525.7 Cn-4Hm_6,S34N.03 585.8 C.._7Hm_",SU4O
492.0 Cn-8Hm_.aS3'40 527.0 Cn-'lHm_60S34.N, 587.9 Cn_7Hm_6,SU.B3403
493.4 Cn--'iH.._64S34,NO. 527.7 Cn_6Hm_66S32.S34NO 589.1 Cn_6H m_60S32,S34,
493.4 Cn--"Hm--'isS32N03
494.1 Cn-SHm-60S3',S 340 3

528.4 Cn_oHm_5,S3'40.
590.0-599.9

494.7 Cn_oHm--'isS3'S34N 529.8 Cn_6Hm_5sS34.N03

495.3 Cn_7Hm-48S32.B34. 529.8 Cn.-.Hm_6,S3'N04 594.3 Cn-8H"'_6.B3'aS34N.
495.4 Cn_6Hm--'i'S3'30 598.3 Cn_SH m_6,S3'4NO

496.4 Cn_7H ..-:><S3'3N3 530.0-539.9
497.5 Cn_6Hm_6.B3'S3403 531.0 Cn-'lHm_60S3'S34NO 600.0-609.9
498.0 Cn+1Hm_G0834N 531.7 C,,_6Hm_6.S3'30, 601.6 Cn_7Hm_6,saz.s340N
498.6 Cn_.Hm_5.8S',O 531. 7 Cn-8H m_6,S3'.S34,O 605.7 Cn_7Hm_..BU3S340

serve the values of nand m as those
obtained from Table IV, the empirical
formula for naphthalenes may be
written as Cn+ lH m- 12, where m =
2n + 2, instead of the usual formula
CnH.n- 12• It will be seen from Table
IV that for a mass number of 128, n =
9 and m = 2n + 2 = 20. The formula
thus gives the usual formula, CloHs.
The number n might be described as the
"equivalent carbon number" because
it is in fact the number of carbon atoms
in the simplest hydrocarbon ion which
could be found at a particular mass
number.

Ions containing oxygen, nitrogen, or
sulfur can have their molecular formulas
expressed in a similar manner; for

example, the ions containing one oxygen
atom and having a nominal mass of
128 would have the empirical formula
Cn - l Hm - 40 where m is again equal to
(2n +"2).

Peaks from ions containing one C13
atom can only be resolved from the
normal hydrocarbon peak at the same
nominal mass when the mass number is
fairly low (below about 50). Further
instrumental developments will, how­
ever, make it necessary to distinguish
between these peaks and precise masses
of the ions will be required. Provision
has been made for these data in the
tables.

Table V gives the mass defects of the
ions with the formulas CnloHm, where

m lies in the range from (2n + 2) to
(2n - 11). Below these are the defects
for the first four iso.tope peaks which
could occur at the same mass number.

Substituting an oxygen atom for a
carbon and four hydrogen atoms will
give a peak at the same mass number,
but a mass defect which is larger by
36.4 millimass units, the spacing of the
doublet CH4-O. Thus, for the molec­
ular formula Cn_l Hm--40 we have a
table similar to Table V, but with each
entry increased by 36.4 millimass units
(Table VI).. Similar tables can be pre­
pared for other empirical formulas
involving oxygen, nitrogen, sulfur, etc.
In practice, Table V is the basic table
and the subsidiary tables are prepared
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" Residual defects of 166.5 and 72.8 millimass units correspond to the formulas
C.._1H.._200 2 and C,,_2H..-l102, respectively. (See Table VIII.) Hence for n = 25 and
m = 2n + 1, we have C2.H3102, etc.

Table X. Assignment of Masses on the CH2 Scale

Analysis of defect
H

Mass contri-
Precise defect bution Residual
mass (milli-

From Table IV
(Table V) (milli-

Mass (CH2 = mass (millimass mass
No. 14.000) units) n m units) units) Assignment"
351 350.8402 159.8 25 2n + 1 -6.7 166.5 C24Ha102
352 351.8469 153.1 25 2n + 2 -13.4 166.5 C24HI2Os
353 352.8535 146.5 26 2n - 11 73.7 72.8 C2.HI302
354 353.8602 139.8 26 2n - 10 67.0 72.8 C2.HU 0 2
365 364.8402 159.8 26 2n + 1 -6.7 166.5 C2~H3I02
366 365.8469 153.1 26 2n + 2 -13.4 166.5 C2/iHU 0 2
367 366.8535 146.5 27 2n - 11 73.7 72.8 Cul!uOs
368 367.8602 139.8 27 2n - 10 67.0 72.8 <hiH.60 2
369 368.8624 137.6 27 2n - 9 64.8 72.8 CUCl~HaoOs

370 369.8647 135.3 27 2n - 8 62.5 72.8 C1l2CU2aH3602
379 378.8402 159.8 27 2n + 1 -6.7 166.5 C2aHuOs
380 379.8469 153.1 27 2n + 2 -13.4 166.5 C2eH3602
381 380.8535 146.5 28 2n - 11 73.7 72.8 C2eHI702

Table IX. Mass Defects of Some
Combinations of Elements with Phos­

phorus·

Mass defect
for m = :2n

Formula (millimass units)
C..-aHm+J> -13. 1
C,,_sH.._7P 80.7
C"....Hm+aPN -0.6
C,,-aHm+lPNs 11.9
C,,--eH.._IPK. 24.4
C"_7H..-aPN. 36.!)
C"....Hm+lPO 23.:3
C"-liH..-aPOs 59. 'J
Cn-OH.._7PO. 96.1
C.._7Hm-llPO. 132. 5
C..-liH..-3PS3. 77.4
C,,_7H.._llPsnS 161.9
C.._tH.._lIPS3\ 258.4
C,,_llH.._27PS3S. 348.9
C,,-OH..._2PS 66 6
C,,_~...4P2() 103.0
C,,_7H"_10P202 139.4
C..-aB......PsO. 175.8
C,,_tH"'_1al'20. 212.2

" These mass defects can be added to
those for combinations listed in the previ­
ous tables.

by adding to each defect a mass defect
which is the spacing of the doublet
formed by the peak with whieh we are
concerned and the simple hydrocarbon
ion.

To avoid listing in full each of the
tables of defects, Tables VII, VIII, and
IX have been prepared in which the
general formula of the combination of
atoms and the appropriate doublet
spacing have been listed. Table VII
lists formulas and defects involving one
atom of deuterium, phosphorus, nitro­
gen, oxygen, sulfur-32, sulfur-34,
fluorine, chlorine-35, and '3hlorine-37.
In Table VIII the same information is
given for combinations of oxygen,
nitrogen, and sulfur with the limitations
on the numbers of these atoms which
were discussed previously. Table IX
lists similar data for a number of
combinlttions involving phosphorus.

The formulas and defects in Tables
VII, VIII, and IX may be added to­
gether in cases of more complicated
formulu.s.

Application of the Tables. An
example of the use of the tables in the
interpretation of precise mass measure­
ments is given in Table X. This table
shows the initial separation of the pre­
cise mass into a mass number with its
corresponding n and m values, and a
mass defect (mass number - precise
mass).

The hydrocarbon ion with the same
value of m has a mass defect (found
from Table V) which is listed in the
sixth column. Subtracting this defect
from the observ.ed defect gives a re-
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sidual corresponding to one of the
formulas in Table VIII. This formula
is a general molecular formula for the
unknown ion. It may be converted into
a specific formula by substituting the
appropriate values of n and m.

The mass measurements given in
Table X are hypothetical and contain
no errors in measurement. The cal­
culated residuals and the residuals en­
countered in actual measurements have
been compared in Table XI. The
measurements were made with a Con­
solidated CEC 21-110 spectrometer
using photographic detection.

CONCLUSIONS

The main advantages of the CR2

scale can be summarized as follows.
A reduction by a factor of about 30
times in. the amount of data to be cal­
culated, stored, and subsequently com­
pared with precise mass determinations.
The mass defects found from high res­
olution spectra can be compared
directly and associated peaks can be
recognized immediately.
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A ·Solid State Digitizer for Mass Spectrometers

E. M. THOMASON

Instrument Department, Hydrocarbons Division, Monsanto Chemical Co., Texas City, Texas

as an analysis of the types of noise
present. The data also gave the slopes
in volts per second of the various peaks
encountered from the sharp peaks at
low magnetic fields to the broad peaks
at high magnetic fields as well as meta­
stable peaks. Photographs of the ac­
celeration voltage at different decay
rates were included to illustrate volt­
per-second decay rate throughout the
decay range and the types of noise that
modulated this signal.

A large manufacturer of digital sys­
tems accepted the specifications and
produced the all solid state digitizer in
7 months.

DESCRIPTION OF SYSTEM

The digitizer accepts the analog sig­
nals from the mass spectrometer and
converts these signals immediately to
digital form. All control functions
and subsequent handling of the informa­
tion is carried out by a unique digital
logic system.

Figure 1 is a block diagram of the
digitizer and Figure 2 is an illustration
of the logic sequence that must be car­
ried out in measuring and identifying
each peak.

Assume the digitizer is in logic state
1. This means that the output signal
from the mass spectrometer is the base­
line and the logic circuit is "looking for"
a signal that is greater than the signal
stored in register (which is zero since
each new reading is compared against
the last reading). The digital voltmeter
is reading the ion input signal at 60­
c.p.s. rate. As soon as an ion signal
appears, the logic system now has
measured and compared a signal that is
greater than the previous signal and
thus the control logic shifts to state II.

f-r
+
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m. READ ACCELERATION VOLTAGE

Jr. PRINT COMMAND
JZI. LOOKING FOR? SIGNAL
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m. +SIGNALS

calculation charts or to mark sense
cards for the computer. The justifica­
tion for having an automatic data col­
lection system is fourfold: a reduction
in number of personnel; increased ac­
curacy from the data; elimination of
the operational expense of the oscillo­
graph; and an increase in the number of
samples which can be run through the
mass spectrometer.

An intensive study of available digital
data collection systems indicated that
the equipment needed was not available
on the market and it would be necessary
to have the equipment designed for this
particular application.

The problem of collecting mass spec­
trometer data did not appear to be too
difficult from an engineering standpoint.
The output signals from the mass
spectrometer are two analog voltage
signals; one represents the amount of
ion current produced by a particular
mass and the other identifies which mass
is being measured. A data collection
system must accept these analog signals,
convert them to digital form and present
them in a format acceptable for calcula­
tions.

To describe the problem as clearly as
possible, the specifications included
photographs of the analog output sig­
nals under various operating conditions.
The data showed the effect of varying
the response and damping circuits on
the mass spectrometer amplifier as well

PROGRAM
REGISTER
ADVANCE

LOGIC

~ A solid state digitizer is described
for collecting data from mass spec­
trometers. The digitizer accepts ion
peaks and acceleration voltage signals,
converts the analog signals to digital,
and presents the data on punched
paper tape and printed output. The
punched paper tape may be fed
directly into a computer for sample
calculations. Minimum detectability
is 1 mv. with a background noise level
of less than 0.5 mv. Mass number re­
producibility is ±O.l mass numbers
from mass 2 to mass 125 and ± 0.25
mass numbers from mass 125 to mass
250. Precision of sample calculations is
improved by a factor of 4. This is due
primarily to elimination of human error.
The digitizer is of particular value
if mass spectrometers are used to
analyze large numbers of samples.
On a three-shift operation, payout can
be as short as 6 months.

COMPo COUNTER

B=

PROGRAM
REGISTER

THE NEED for a reliable digital data
collection system for mass spec­

trometers has existed for several years.
A large number of control laboratories
operate their mass spectrometers on a
round-the-clock, 7-day-a-week basis.
An operation like this requires at least
two people per shift; one to run the
samples on the mass spectrometer and
one to pick the peaks from the oscillo­
graphic chart and to log this data on

Figure 1. Block diagram of digitizer Figure 2. Signal identification-sequence of logic control
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Figure 3. Record
format

control circuit shifts to logic state VII
where all registers are reset and the
system shifts to logic state I, reading
for another peak.

The above sequence of events occurs
within milliseconds, the actual time is
determined by the width of the ion
peak. Logic state VIII occurs when
any ion signal goes' positive in polarity.
This is an inhibit state and prevents

PUNCHED PAPER TAPE FORMAT

ION
SIGNAL

TAPE CODE

PRINTER FORMAT

ACCEL.
VOLTAGE

24 7 5 000 7
2 5 3 2 023 6
2 5 7 0 o I 2 8
25 8 8 6 502
2 6 3 I 002 3
26 54 08 I 7
26 96 0046
2 7 I 9 2 I I 8
27 8 8 o I 7 6
28 34 0061
28 5 9 I I 3 0
29 3 6 o I 8 9
301 4 o 102
30 96 o 00 9
3487 o I 4 0
35 2 2 o 00 5

in the digital voltmeter. As soon as
this reading is complete, the control
circuit shifts to logic state V and the
stored digital signal is printed and
punched out. At the end of the print
cycle the control circuit shifts to logic
state VI and the input is again measur­
ing the ion peak signaI.The ion peak
is now decaying in amplitude toward a
valley or the baseline. The logic system
is "looking for" a reading that is equal
to or greater than the previous reading.
As soon as the condition is met, the

Table I. Acceleration Voltage to Mass
Number Correlation

Acceleration MaBB
voltage number

4.974-4.990 94
4.922-4.937 95
4.871-4.886 96
4.820-4.835 97
4.771-4.786 98
4.723-4.738 99
4.676-4.690 100
4.630-4.644 101
4.585-4.598 102
4.540-4.553 103

In state II, the input signal is in­
creasing in amplitude and the logic
circuit is "looking for" a reading that
is less than the previous reading.
Satisfying this criteria identifies the
maximum peak amplitude (±l mv.)
and shifts the logic into state III. To
prevent the system from falsely identify­
ing spurious noise signals ae ion signals,
the logic system makes 5 additional
comparisons before a decision is made
that tb.e maximum signal is a true ion
peale. No signal error is encountered
since the maximum signal has been
held in storage. The 5 consecutive
rea4ings acttuilly provide a digital filter
that rejects all noise peaks that are less
than 80 milliseconds in duration. This
particular feature makes the digitizer
extremely precise in gathering mass
spectrometer data.

After logic state III is satisfied, the
control circuit shifts to logic state IV.
In logic state IV, the input relay is com­
manded to switch to the acceleration
voltage input and one reading of the
acceleration voltage is made and stored



the digitizer from taking any action
on a positive peak.

The entire digitizer is controlled by
two clocks, a 60-cycle clock and a 100-kc.
clock. The lOO-kc. clock controls the
digitizing rate, the digital voltmeter,
operates the digital comparator, the
greater-than and less-than logic gates,
and the register. The 60-cycle clock
is used to control the logic circuitry of
the system and is the fundamental time
base for decision making. Due to the
widths of the ion peaks (minimum of
70 milliseconds within 2% of the top)
no error in measurement occurs. The
60-cycle time base also provides inherent
rejection to 60-cycle interference. If
desired this clock speed can be increased
to several thousands cycles per second.

Installation and Startup. The mass
spectrometer digitizer is quite easy to
install. There are no modification!!
to make to the mass spectrometer
amplifier. The amplifier output sig­
nal and a 0- to 10-volt tap of the ac­
celeration voltage must be supplied
to the digitizer input. Both of these
signals are filtered by a pi RC filter
which reduces the total noise level to
less than 1 mv. peak-to-peak.

After the digitizer has been connected
and is operating properly, the next step

is to determine K factors for each
magnet range that will be used. The
equation for mass number is: M/e =

~;2 which can be simplified to M/e =

K R2B2
E where K = -2- and B is fixed for a

particular range. Therefore, K = E X
mass number. Since the digitizer
always reads only the acceleration volt­
age from 9.999 down to a lesser value,
it is necessary for the operator to in­
dicate which magnetic range is in use.
The different K factors can be deter­
mined by averaging the K factors from
known sample runs. Figure 3 illus­
trates the output data format and Table
I illustrates tabular value5 of mass
numbers V8. voltage.

PERFORMANCE

The solid state digitizer has been in
use for 11 months. In that time, the
operation yielded the following results;
per cent onstream, 98; per cent utility,
99+. A labor saving of one operator per
shift and a reduction in cost per sample
by 57% were realized. The capacity
of the lab, in samples per month, in­
creased by 66% to 2000 samples. The

estimated annual savings, based upon
the results thus far, should be $50,000.
As shown by Table II, the precision in
analysis was improved by a factor of 4.
Mass number reproducibilities were
±0.1 mass number up to mass 125 and
±0.25 mass number up to mass 250.

The instrument has a dynamic range
of 104• Input signals may vary from 1 to
9999 mv. Minimum detectability is
1 mv., and the system is linear across the
complete span. The digitizer, a photo­
graph of which is shown in Figure 4, is
unaffected by large voltage swings from
the mass spectrometer signals and can
accept ranges of over 600%.
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Ultramicrodetermination of Iodine by a Rapid
Automatic Reaction-Rate Method

H. V. MALMSTADT and T. P. HADJIIOANNOUI

Department of Chemistry and Chemical Engineering, University of I/Iinois, Urbana, 1/1.

~ An automatic spectrophotometric
reaction rate method for the ultra­
microdetermination of iodide is based
on the Sandell-Kolthoff reaction, in
which a trace· of iodine or iodide acts
as catalyst for the reduction of Ce(lV)
in the presence of As(III). The time
required for the reaction to consume
a small fixed amount of ceric ions, and
therefore for the absorbance to de­
crease by a preselected amount (about
0.06 unit), is measured automatically
and related directly to the iodide
concentration. Ultramicro amounts of
iodide in the range of 0.015 to 0.45
fJ.g. were determined with relative
errors of about 1 to 2% and measure­
ment times of only about 10 to 100
seconds. The method should be adapt­
able for the determination of protein­
bound iodine (PBI).

T HE method presented here utilizes
the Sandell-Kolthoff reaction (15),

in which a trace of either iodine or iodide
acts as a catalyst for the reduction of
Ce(IV) i,n the presence of As(III).
This reaction has been widely in­
vestigated because of its great impor-

tance for the determination of protein­
bound iodine (PBI) in serum (3). The
overall reaction is summarized in
Equation 1.

i~dine
catalyst

2 Ce(IV) + As(III) ---+
2 Oe(III) + As(V) (1)

There have been many studies (11) to
determine the reaction mechanism.

Kolthoff and Sandell developed a
quantitative procedure for iodide by
measuring the time required to reduce
all of the Ce(IV) , as indicated by a
visual color indicator. It was found
that the iodide concentration was in­
versely proportional to the measured
time for total reduction. In subse­
quent procedures the time for the
measurement was decreased by not
waiting for complete reduction of
cerium(IV). In one basic procedure
(1, 2, 5, 9) the Ce(IV) remaining after
a fixed time (usually 20 minutes) is
determined by an absorbance measure­
ment at a selected wavelength charac­
teristic of Ce(IV), usually between 350
and 420 mJ.l. Since the absorbance
changes continuously, it is necessary to

read the absorbance value at the exact
preset time. A plot of absorbance V8.

iodide concentration provides a suitable
working curve. In another procedure
(7, 8, 10) the reaction is stopped by
adding a reagent that reacts immediately
with Ce(IV) to reduce the remaining
Ce(IV) quantitatively to Ce(III). One
suitable reagent is brucine, which is
oxidized to a colored reaction product.
A plot of absorbance of the colored re­
action product against iodide concen­
tration provides a working curve. In
another procedure (4) the change of
absorbance of Ce(IV) was recorded
continuously and the slope of the re­
corded curve was related to the iodine
concentration.

To simplify and automate the iodide
determination, a new procedure pro­
vides a digital readout value within a
few seconds after start of the reaction.
For example, extremely low concentra­
tions of iodide in the range of 0.015 to
0,45 J.lg. per 4.25 m!. of solution were

1 Present address, Department of Chem­
istry, College of Pharmacy, University of
Illinois, Chicago, Ill.
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determined with relative errors of about
1 to 2% and measurement times of only
about 10 to 100 seconds. This method
utilizes the type of automatic spectro­
photometric reaction-rate system re­
cently used for the determination of
glucose (12), alcohol. (13), and amino
acids (14).

The automatic reaction-rate measure­
ment method was tested for the deter­
mination of PBI in digested serum
samples, and the results indicated that
the procedure should be readily adapt­
able for this important determination.
The method used for releasing the
iodine prior to measurement was similar
to time-tested procedures; the serum
proteins were precipitated with zine
hydroxide and the iodine was determined
in the protein precipitate after incinera­
tion in the presence of potassium hy­
droxide. The results obtained were
close to the assigned values of CODl­

mercially available control sera.

GENERAL CONSIDERATIONS

Reaction Mechanism. There is
some disagreement about the meeh­
anism of the ceric-arsenite-iodide re­
action (6, 15). In the absence: of
chloride ions and at very low iodide
concentrations there is no direct propor­
tionality between catalytic activity and
iodide concentration. In the presence
of chloride, the linear relation is fulfilled
and the rate of the reaction is pseudo­
first order with respect to iodide. It is
assumed that the arsenite is in large
excess and the starting concentration of
cerium(IV) is the same for each sample.
The rate of reduction of ceric ions, and
the resulting rate of decrease of ab­
sorbance of the solution, are therefore
proportional to the iodide concentration.

Interferences. Reducing or oxidiz­
ing agents should be eliminated prior
to the measurements; silver or mer­
cury in trace quantities which reduce
the concentration of the iodide, and
osmium and ruthenium, which cata­
lyze the reaetion in the same manner
as iodide (15), interfere seriously. Since
the rate of the reaction may be affected
by several reaction-stimulating or re­
action-inhibiting substances (17), the
eomposition of the standard iodide
solutions should be similar to that of
the samples.

Contamination. Precautions should
be taken to avoid contamination of
reagents and glassware by iodine and
mercury, eince they provide the two
most serious and frequent sources of
error. Iodide adsorbed on glass is
not easily removed by rinsing with
water. All glassware should be
thoroughly cleaned with sulfuric acid­
dichromate cleaning solution, followed
by repeated rinsings with deionized
water. Glassware used for the iodide
determination should be reserved for
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this purpose only. It is advantageous
to perform the iodine determination in a
separate room away from mercury and
iodine compounds to prevent contami­
nation.

All reagent chemicals should be tested
for their iodine content and only lots
with a minimum iodine content should
be used. To keep the blank small, the
concentration of reagents should be kept
to a minimum for satisfactory reactions.
For example, chloride ions should be
added by using the purest available
source (hydrochloric acid), and only the
minimum amount should be added that
is necessary for chloride to exert its full
accelerating effect on the reduction of
eerie.

Optimal Concentration of Reagents.
Various initial eerie concentrations can
be used. For the procedure described
the concentration of eerie in the
measured solution is 0.0006N. With
the 16-mm. i.d. cylindrical cell and a
wavelength of about 390 mJL only about
5% of the incident light is transmitted
through the cell to the detector. At
higher eerie concentrations the rate of
reaction is increased but the decrease of
transmitted light causes a decrease of
signal-to-noise ratio at the output of the
photoconductive detector. Although
various instrument modifications could
improve the magnitude of the output
signal for higher concentrations of eerie,
it was not considered worthwhile for this
application.

The accelerating effect of chloride ions
(15) on the catalytic reaction for iodide
is more pronounced at low iodide con­
centrations (5 to 25 p.p.b.). It increases
with increasing concentration of chlo­
ride, as chloride concentration rises from
zero to 0.3N, but further increase of
chloride concentration has but slight
effect in accelerating the reduction of
Ce(IV). Hydrochloric acid is the best
source for chloride ions, because other
sources often contain cations that in­
hibit the reaction and are usually more
contaminated with iodide than HCI.

The final acidity of the Ce(IV)­
arsenite mixture should be larger than
0.5N to prevent precipitation of re­
duced cerium salts. Final acid con­
centrations up to 2.5N have been
recommended (16). However, such
concentrated solutions present mi),:ing
and heat problems. The final concen­
tration of sulfuric acid in the proposed
method is 0.6N.

Order of Adding Reagents. In
the usual procedures using the Sandell­
Kolthoff reaction the ceric solution
is added to a solution containing the
iodide sample and arsenite reagent.
In the rate method described here
the arsenite is added to a solution
containing iodide sample and ceric
reagent. In this way the zero ad­
justment on the Spectro unit can be
made before starting the reaction. Any

small change in initial absorbance, Al
(before the injection of arsenite), is
compensated by adjusting the balance
control in the Spectro unit. As soon as
the arsenite reagent is added, because
of dilution, the absorbance changes to a
new value, A 2• The instrument meas­
ures only the time required for a small
preset change in absorbance (Aa - A.
equal to about 0.06) to occur during the
early part of the reaction. It is only
the absorbance change (A a - A.) and
not the absolute values of Aa and A.
that are important for the measurement.
The time required for the absorbance to
reach the value Aa is not measured and
can vary from sample to sample.

Temperature Control. The reac­
tion rate has a large temperature
coefficient and therefore the reaction
takes place in a thermostated cell at
250 ± 0.10 C. To ensure thermal
equilibrium and dissipation of the
heat liberated by mixing of the sulfuric
acid with the iodide solution, the
mixture is stirred for 1 minute prior
to starting the reaction by the addition
of the arsenite solution.

Premeasurement Times. After
initiation of the reaction, a minimum
premeasurement time of 5 to 10
seconds is desirable to ensure thorough
mixing of the reagents. The pre­
measurement time is controlled by
appropriate setting of the comparator
zero adjust. For example, the zero
adjust was set at 5.80 to 5.90 for the
5- to 50-p.p.b. iodide range. A higher
comparator setting, 6.30 to 6.40, was
necessary for the higher concentration
range where the reaction is faster.
Larger zero adjust· settings for the same
iodide concentration range result in
larger consumption of eerie during the
premeasurement time and consequently
in longer measurement time, but they do
not affect the accuracy and precision of
the results. The zero adjust setting
may be varied, but that decided upon
must be duplicated carefully from
sample to sample, to secure starting of
measurement time at the same eerie
concentration.

Preparation of Standard Curve.
Although the rate of the reaction
under selected conditions is propor­
tional to the iodide concentration, the
standard curves (straight lines) ob­
tained when reciprocals of measure­
ment times are plotted against iodide
concentration do not pass through
zero because of iodide present as
contaminating agent in the reagents
used. Therefore, standard curves are
rapidly established by using three to
four standards which were prepared
using the same reagents as for the un­
knowns.

PBI Determination. The automatic
rate method was applied to the de­
termination of PBL The dry-ashing
procedure (9) was used for the destruc-



tion of protein and the separation of
iodide, but the method could readily be
adapted to any of the sample prepara­
tion procedures now used for PBI de­
termination (5).

INSTRUMENTATION

The basic instrumental components
are the same as those used for determi­
nation of glucose (12) and alcohol (13).
Since in the eerie-arsenite reaction the
absorbance of the solution decreases
as the reaction proceeds, the leads to
the 1.5-volt battery in the bridge
circuit which provides the Spectro
balance control should be in reverse
position to that previously used (13).
The Sargent Model Q-RR automatic
reaction rate adapter is used in com­
bination with the Model Q comparator
as control unit. The temperature is
controlled at 25° ± 0.1° C.

A narrow third-order transmittance
band at 390 mj.L is selected by dialing
the nominal 575-mj.L second-order in­
terference filter on the Spectro unit
and inserting a Corning No. 5970 filter
in the auxiliary holder.

REAGENTS

All reagents are prepared in de­
ionized water. The iodide solutions
are kept in glass-stoppered lilllber
bottles.

Sodium hydroxide, 0.5N, 20 grams
of NaOH per liter of solution.

Zinc sulfate septahydrate, 10% solu­
tion in water. Ten milliliters of this
solution are diluted with 50 to 70 ml.
of water and titrated with the sodium
hydroxide using phenolphthalein as
indicator; 10.8 to 11.2 ml. of titrant
should be needed.

Potassium hydroxide, 2N, 112.2 grams
of KOH per liter of solution.

SULFURIc-HYDROCHLORIC ACID REA­
GENT. Solution A. Concentrated
H2S04 (70 ml.) is added to 100 ml. of
water in a I-liter volumetric flask.
After the mixture is cooled, 125 ml.
of concentrated HCI are added, and the
solution is diluted to the mark with
water and mixed. This solution is 1.5N
in HCI and 2.5N in H2S04.

Solution B. Solution A is diluted
with H20 (1 to 9).

Sodium arsenite, 0.15N. As20 a (7.5
grams) is dissolved in 75 ml. of IN
NaOH and diluted to 1 liter with water.

CERIC AMMONIUM SULFATE SOLU­
TIONS. Solution C, 0.02N. Ceric
ammonium sulfate, Ce(S04)2' 2(NH4)r
S04·2H20 (12.65 grams) is dissolved
in 800 ml. of water plus 70 ml. of con­
centrated H2S04. After the mixture
has cooled, it is diluted with water to 1
liter and kept in a dark bottle.

Solution D. Twelve milliliters of
Solution C are mixed with 70 ml. of
water and 6.1 ml. of concentrated
H2S04 in a 100-ml. volumetric flask.
After the mixture has cooled, 5 ml. of
concentrated hydrochloric acid are
added, and the solution is diluted to the
mark with water and mixed. This
solution is prepared fresh every few
days and is kept in a polyethylene

bottle. It should not be used until 2
hours after its preparation.

IODIDE STANDARDS. Stock Solution I.
Potassium iodide (130.8 mg.) dried in
desiccator is dissolved in 1 liter of water
(1 ml. = 100.0 j.Lg. of iodide).

Stock Solution II. Five milliliters
of Stock Solution I are diluted to 1
liter. This solution contains 500 p.p.b.
of iodide.

Working standards are prepared from
Stock Solution II by appropriate dilu­
tion. They should be prepared fresh
every month.

Working Standards for PBI. Three,
5, 10, and 15 ml. of Stock Solution II
are pipetted into 250-ml. volumetric
flasks, and 50 ml. of 2N KOH and 25
ml. of Solution A are added to each
flask and mixed. After the mixtures
have cooled, they are diluted to the
mark with water to give standard solu­
tions containing 6, 10, 20, and 30 p.p.b.
of iodide; each solution is OAN in
potassium ions, 0.15N in HCI, and 0.25N
in H 2S04•

All working standards, the arsenite
solution, and Solution D are kept in a
water bath at 25° C. until used.

PROCEDURE

Preparation of Equipment. Switch
the Spectro-Electro titrator to the
Spectro position about 1 hour before
the measurements are started. Dial
the 575 position of the filter wheel and
place the Corning No. 5970 filter in
the auxiliary holder; throw the po­
larity switch to Position 1. (The
battery leads are reversed from stand­
ard operation, as previously described.)
Turn the comparator unit on and the
selector switch to PNP ± 0.01 volt.

Measurement Step. PROCEDURE
A. For the range 5 to 50 p.p.b. of
iodide set the comparator Zero Adjust
control at 5.90 (or to different values
if necessary). Pipet 1.00 ml. of eerie
sulfate solution (Solution D) and 3.00
ml. of sample or standard iodide
solution into the reaction cell in the
order given. Throw the comparator
reagent selector switch to Position 1 to
start the stirring and adjust the Spectro
balance control (on side of Spectro
unit) so that the meter needle is at
the center. Set the comparator Zero
Adjust at 4.50, and 1 minute after the
pipetting of the iodide sample inject
(with a 0.25-ml. syringe) 0.25 ml. of
the sodium arsenite solution into the
cell and press at once the Start button
on the Model Q-RR adapter. The
analysis is completed automatically and
the number on the readout dial is
recorded. Between samples empty the
cell by inserting an aspirator tube and
rinse with water. Repeat the pro­
cedure for each analysis.

PROCEDURE B, used for the range
30 to 150 p.p.b. of iodide. Procedure
B is similar to Procedure A, except that
the Zero Adjust is set first at 6040;
then, after the meter needle is adjusted
to zero the Spectro balance control is
used at 3.00. Four standard iodide
solutions are used to prepare a standard
curve.

DETERMINATION OF PB

Preparation of Serum Samples.
Pipet 1.00 ml. of serum in a 15- X
125-mm. borosilicate glass tube, add 7
ml. of water, 1 ml. of 10% zinc sulfate,
and 1 ml. of 0.5N sodium hydroxide
and mix thoroughly with a foo~ed
glass rod (a separate rod for each
tube). Centrifuge for 10 minutes,
decant the supernatant liquid, and add
10 ml. of deionized water. Break the
precipitate (using the same glass rod)
to a uniform fine suspension and cen­
trifuge for 5 minutes. Repeat the wash­
ing once more. Dissolve the precipitate
in 1.00 ml. of 2N potassium hydroxide,
place the tubes in a special rack (9),
and dry overnight at 110°. Transfer
the rack with the tubes in a cool muffle
oven and raise the temperature gradually
over a period of 1 hour until it reaches
600°. Open the door for a few seconds
to renew the air in the oven. Maintain
the temperature at 600° ± 10° C. for
90 minutes and open the door twice
more at half-hour intervals. Remove
the rack from the furnace and cover it
with aluminum foil. Add 5 ml. of
sulfuric-hydrochloric acid reagent (Solu­
tion B) to the ash in each tube (add
with care to avoid excessive effer­
vescence). By means of a footed glass
rod loosen the ashed material attached
to the wall and stir the contents of
the tube until the reaction appears to
be finished. Transfer to a clean tube
and centrifuge for 10 minutes to pack
the insoluble material. Transfer the
supernatant into a small stoppered tube
contained in a bath at 25° C. and use
a 3.00-ml. aliquot of the supernatant
for analysis. Include control sera of
known PBI content with each series of
unknown samples.

Measurement Step. Apply Pro­
cedure A. The iodide standards con­
tain interfering ions in amounts
equivalent to those present in the
samples.

CALCULATIONS

Standard curves for PBI analysis are
made to read directly the micrograms
of iodine per 100 ml. of serum. Re­
ciprocal times are plotted V8. PBI
equivalents of the standards. The
PBI equivalents are obtained by di­
viding the concentration of the stand­
ards in parts per billion by 2.

RESULTS AND DISCUSSION

Analysis of aqueous iodide solutions
of known concentrations gave the re­
sults shown in Table I. The data indi­
cate that ultramicro amounts of iodide
in the range of 0.015 to 0045 j.Lg. in a
total volume of 4.25 mI. were determined
with precision and relative errors of
about 1 to 2%.

Samples containing more than 150
p.p.b. of iodide should be diluted with
iodide-free water or they can be ana­
lyzed according to Procedure B, but the
voltage interval used should be in-
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Table I. Automatic Results for Aqueous
Iodide Solutions

sium inhibiting ions is larger than indi­
cated by the different slopes of curves
A and A', because the blank is larger in
A' than in A and the final chloride con­
centration (accelerating agent) is larger
in the standards used for A' than in
those used for A.

An attempt was made to determine
the blank for the PBI determination by
substituting 1 ml. of iodide-free water
for the serum and carrying the blank
through the same procedure as the
serum samples. However, the results
for control sera were always high.
Alkaline extraction of the ash with
water according to Foss, Hankes, and
Van Slyke (9) also gave high results.
Apparently the pickup of iodine during
the incineration was larger for the
protein samples than for the aqueous
samples. Therefore, it was necessary
to use control sera (preferably two) of
known PBI content to establish a blank.
The difference between the given PBI
content of the control sera and the val­
ues found from the standard curve was
used as a blank, which was substracted
from the values found from the stand­
ard curve for the unknown serum
samples. Table II shows results ob­
tained for seven control sera represent­
ing the low, medium, and high ranges of
PBI. There is good agreement be­
tween duplicate PBI determinations,
and the results obtained check closely
with the control sera values reported by
the manufacturer.

Although the application reported
here deals with the determination of
protein-bound iodine, the scope of the
method is intended to be more general.
A basic procedure and general considera­
tions for the determination of iodine are
given, so that the method can be adapted
to many specific cases--e.g., milk,
drinking water, plant material, and salt.

50 A
150B

B

A

reagents used. This contamination was
equivalent to about 1 p.p.b. of iodide.
Hydrochloric acid is the main source of
contamination.

Determination of PBI. The stand­
ard curve used for PBI determination
is shown in Figure 2. Curve A' was
obtained with iodide standards con­
taining interfering ions in amounts
equivalent to those present in the PBI
samples. The blank is increased to
about 4 p.p.b. (corresponding to 2.0
Mg. of iodide per 100 ml. of serum), be­
cause these standards contained larger
amounts of reagents.

For the PBI determination, larger
cWoride concentrations are used to
compensate partially for the inhibiting
effect of potassium ions that are present
in the final solution. The decrease in
the reaction rate caused by the potas-

-1.3
-0.5
+0.2
+1.3
+1.3

Relative
error"

I I

10 20 30 4b

(Iodide ",g. X 10")
in 4.25-ml. sample
Taken Found'

Range Ab

1.50 1.50
1. 50 1.48
6.00 5.97'
6.00 6.01

15.0 15.2
15.0 15.2

10

11.0
10.9
37.7
38.0
93.5
93.5

Recip­
rocal
time,
sec.-1

X 103

u
~20

creased to ensure measurement times
longer than 10 seconds.

Standard curves for both the 5- to
50-p.p.b. and 30- to I50-p.p.b. ranges are
shown in Figure 1. The straight lines
intercept the ordinate because of iodide
present as contaminating agent in the

Range Bb

13.1 9.0 9.2 +2.2
12.9 9.0 9.0
62.9 45.0 44.8 -0.4
64.1 45.0 45.4 +0.9

"From straight-line stand3,rd curve.
b Ranges A and B run 31ccotding to

Procedures A and B, respectively.

Table n. Results for PB'I in Control
Sera Using Automatic Reaction-Rate

Method

Sample Iodine, ",g. per 100 ml. serum
No. Reported" Found
1 3.0 2.9,3.8
2 3.4 3.7,3.9
3 4.7 4.2,4.0
4 4.8 4.9,4.3
5 6.0 5.9,5.7
6 6.3 6.2,6.0
7 10.2 9.7,9.7

"Values of manufacturer, obtained by
modified procedure of Barker (2).

r-o..,
o

x
I 60
U
w
If)

~50
:::>
f--

40
--'
<{
u
~ 30
"­
u
~ 20

10

°0~----"~O--------::;2~O--------=3~O-----4.L0--------.J50

IODIDE CONCENTRATION, ppb

Figure 2. Standard curve for PBI determination
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A Simple Instrument for the Direct Determination of
Dielectric Constants of liquids over a Wide
Range of Values

P. P. MALONEY and R. NELSON SMITH

Department of Chemistry, Pomona College, Claremont, Calif.

~ A simple solid-state instrument is
described which will determine the
dielectric constants of liquids with
values of E ranging up to 35 with an
accuracy of better than 1%. The
instrument is very stable from the
standpoint of drift and reproducibility,
and resonance indication is very sensi­
tive. Some typical results are shown.

I N MANY INSTANCJ::S it ll'Ould be useful
and convenient to have available an

instrument which would determine
simply and directly the dielectric con­
stant of a wide range of organic liquids
to an accuracy of better than 1%. In
addition, it would be particularly useful
if the same instrument could be em­
ployed in the determination of dipole
moments by accurately measuring the
dielectric constants of dilute solutions
of polar compounds in nonpolar solu­
tions. An instrument commonly used
for dipole moment determination is de­
scribed by Bender (1) and Fischer (3),
but such instruments are limited in
direct determination to liquids whose
dielectric constants are less than 7.
These instruments involve the con­
ventional capacity-substitution method
and use a 6E5 electron-ray tube as
resonance detector. Fischer also shows
how the range of dielectric constant may
be extended with such an instrument on a
relative basis by placing liquids of known
dielectric constant into the tube around
which the inductance of the resonance
circuit is wound. When placed in such a
tube, liquids with increasing dielectric
constant have a mild but increasingly
large effect which may be plotted
empirically as scale divisions at res­
onance V8. dielectric constant. We

have found this relative method based
on calibration to bc rather uni'5atis­
factory due to the difficulty of obtaining
a range of liquids of reasonably well
known dielectric constants for calibra­
tion and to the lack of reproducibility of
result.s. We have also found that these
instruments pOi'5sess an appreciable
amount of drift. making it necessary to
take measurement of "plates-open"
and "plates-closed" ('apacitances in
relatively rapid sequence to minimize
the error involved.

The inst.rument described in this
paper also uses the capacity-substitu­
tion method but it extends the range of
direct determination of dielectric con­
stant to 35. In principle it should be
possible to construct an instrument
which goes to st.ill higher values, but we
have not tried it.. We believe this
extended range is possible because of
the use of a very low supply voltage
(6.8 volts) instead of 250 volts, and to
the inclusion of a set of relatively cheap
fixed precision eapacitances as part of

Figure 1. External view of instrument

the resonance tuning circuit. The solid­
state circuit is very stable, it runs cool,
and the drift is less than 0.02 J1.J1.f. per
hour. The low stable voltage is ac­
complished by means of a Zener diode.
Sensitive resonance detection (±0.02
p.J1.f. at resonance) is accomplished by
means of a microammeter which gives a
very sharp and reproducible signal at
resonance.

DESCRIPTION OF INSTRUMENT

Figure 1 gives an external view of the
complete instrument. Figure 2 shows
the circuit diagram for the power
supply. Figure 3 shows the oscillator
circuit (at the left), the detector and
voltage amplifier circuit (at the right),
and the resonance tuning circuit (at the
bottom).

In addition to the parts listed under
Figures 2 and 3, the following com­
ponents were also used;

Pilot lamp holder, fuse holder, knobs,
3 universal transistor sockets, octal
socket and plug for L t , vernier dial
(0 to 100, 180°), line cord, crystal socket,
2- X 7- X 7-inch chassis and cabinet,
and miscellaneous hardware.

For best performance, certain points
in construction should be noted. Good
results are crucially dependent on the
linearity of the variable precision stand­
ard capacitor (Cs), and the tolerance
on the solid-state silver-porcelain Vitra­
mon capacitors (CJ0- 21). We believe that
the quality of the latter capacitors is the
limiting factor in the accuracy of the
results obtained with this instrument.
For reasons of economy we used ca­
pacitors with standard RMA values (91,
82, 71, 62, 51, 39 p.p.f.) instead of those
actually shown in Figure 3 (90, 80, 70,
60, 50, 40 p.J1.f.). In the case of the
capacitors having values of 90 J1.p.f. or
greater, a deviation of as much as 1%
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10M potentiometer (sensitivity)
0-1 00 microammeter
5.0 Me. crystal
CK705, germanium diodes
1 mhry., R.F. choke
16 turns, l'/.-inch dia., air

wound coil, Air Dux No.1 01 OT,
1Ot./inch, 16/a inches long
10-100 I'l'f., variable ceramic
capacitor, Centralab No. 823­
BN

lit
M,
X,
X., X.
L2I La
L.

tance change of 0.196 ,u,uf. per scale
division, instead of 0.200; this constant
will be referred to as K.

Since the transistors Q2 and Q3 func­
tion as a temperature-compensated
voltage amplifier, they should be
mounted in close proximity to each
other. In order to minimize stray and
variable capacitance in connection with
the use of the cell, capacitor Cx was
rigidly attached to the chassis with
attention paid to shielding and short
heavy leads. The chassis should be

2N274 transitar
2N1 09 transistor
2N647 transistor
100 K, 'la-wall resistor
1 K, '/t-watt resistor
47 K, '/rwalt resistor
200 K potentiometer (balance)

50 I'l'f., silver mica capacitor
240 I'l'f., tubular ceramic capacitor
Variable cell capacitor, 10 I'l'f. lmodifled by removing all but 2 rotor and 2 stator
plates to give a capacitance of about 2.4 I'l'f. between plates-open and plates­
closed positions in air), Johnson No. 160-104
Variable precision capacitor, 19.61'I'f., Johnson No. 160-110
Solid-state silver-porcelain capacitors, Vitramon VY axial radial series with ± 1%
tolerance, values in I'l'f.
Variable capacitor, 10 I'l'f., Johnson No. 189-4
2000 I'l'f., tubular ceramic capacitor
100 I'l'f., silver mica capacitor
2 I'f., minature electrolytic capacitor, 15 v.
S.P. 12 position, nonshorting, ceramic rotary switch

QI
Qt
Qa
II,
R.
Re, R,
R7

Figure 3. Oscillator circuit (left), detector and voltage amplifier circuit
{right}, and resonance tuning circuit {bottom}; connect to power supply
at A, B, C, and D

E

sections of the center section of Ca)
were used for tuning. In our instru­
ment there was less than ±0.5%
variation from one end of the center
section to the other. It is possible to
use the manufacturer's rated value of Cs
in determining the capacitance per
division of the vernier dial, but by
experience we found that we could
ascertain a slightly better value from
measurements made with purified
liquids of known dielectric constants.
In our instrument, Cs showed a capaci-

BA

Ne 51 pilot lamp
1-amp. 3 AG fuse
150 K, l/,-waft resistor
5 K, wire wound potentiometer
150-ohm, 1-watt resistor
12.6-v. C.T., 2-amp., fllament transformer, Triad No. F44X
Silicon rectiflers, Sarkes M 500
Zener diode, 6.8-v., 10-watt, Hoffman No.1 N1805
10-hry., 50-mo., 500-ohm, fllter choke, Triad No. C3X
1000-l'f., 15-v., capacitor, Mallory WP 200
2000-l'f., 15-v., capacitor, Mallory, WP 039
500-l'l'f., disk, ceramic capacitor
S.P.S.T. toggle switch

115 v. AC A

60 '"

--.....

~~ SW 1 L3

-0
RI P,

TI

o X 4
R5

C6

LZ

Figure 2. Circuit diagram for power supply.
A = +6.8 v., B = + 1.0 v., C = reference ground,
D = - 1.0 v., E = chassis ground

PI
FI

III
lis
Ila
TI
XI, Xt
X,
L,
CII Ct
C,
~
SWI

C9

may actually introduce 5. serious error
in calculated values of E, especially if in
switching from one capacitor to another
the deviations work in the opposite
direction.

The best capacitor for Cs was found
by trial and error, with linearity being
ascertained by means of the instrument
itself. To avoid the nonlinear portions
that usually lie at the ends of variable
linear capacitors, we used the center
section only of a 20-j.t).lf. capacitor in
order to get a 10-,u,uf. linear section.
To check for linearity we determined the
difference in capacitance of Cx at posi­
tions A and B for air, using slightly
different settings of Cg for each deter­
mination. Positions A and B are fixed
stops set to permit a reproducible rota­
tion of Cx through an angle of 1800

•

In this manner different sections of the
vernier dial (and therefore different
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Table I. Values of Dielectric Constant, E, at 25.0° C.

variable cell capacitor (Ox) with a pure
nonpolar volatile solvent and thoroughly
dry them with clean dry air before a new
liquid is placed around the plates of
Ox.

(6) Calculate Eb, using Equation 4.
Liquids. The liquids listed in Table

I were used as obtained or further
purified as briefly outlined below; each
number corresponds to the liquid with
the same number in Table 1. Boiling
points and indices of refraction were
recorded, but are not given here. In
some cases additional purification de­
tails may be obtained from the ref­
ferences cited.

(1) Phillips Petroleum Co., pure
grade,99 mol % minimum.

(2) Eastman, spectro grade, No.
S702.

(3) Baker and Adamson, reagent
grade, No. 1554. Refluxed with metallic
sodium and fractionally distilled.
Method as given in (6).

(4) Mallinckrodt, Analytical Re­
agent, thiophene-free, No. 3856.
Shaken with 4 portions of conc'd. H2S04,

washed 3 times with H20, dried with
CaCb, fractionally distilled, then re­
crystallized. Method as given in (7).

(5) Baker and Adamson, Reagent
Grade, No. 1564. Dried overnight with
CaCl2 and fractionally distilled with
stream of dry N2.

(6) Eastman, No. 70. Fractionally
distilled.

(7) Matheson Co., No. 2464.
Washed with dilute NaOH, washed
with H20, fractionally distilled, dried
with MgS04! filtered, fractionally dis­
tilled.

(8) Matheson, Coleman, and Bell,
No.2221. Fractionally distilled, recrys­
tallized, dried with CaCI2, fractionally
distilled. Method as given in (8).

(9) Brothers Chemical Co., Reagent
Grade, No. 3538. Dried with CaCI2,

filtered, distilled twice from activated
alumina.

(10) Matheson, Coleman, and Bell,
No. 5290. Fractionally distilled several
times at 25-mm. pressure, dried with
P20 S, filtered, fractionally distilled at
25-mm. pressure. Method as given in
(4).

liquid, Os is never changed, the dif­
ference in sample cell capacitance at the
positions A and B is given by.

Cn - CXA = K[(Rs).. - (RS)B] +
[(CIO_ 21 ) .. - (C IO _21 )B] (3)

The dielectric constant of the material
(b) in the sample cell is given by

Eb = [CXE - CXAlb (4)
[CXB - CXA]a

where the subscript a refers to the cell
filled with air. When air and nonpolar
liquids are used in the sample cell, it is
unnecessary to change the position of
0 10_ 21 as Ox is changed from A to Band
the last term in Equation 3 drops out.
This, in turn, means that under these
circumstances Eb can be given simply
by the ratio of the differences in dial
readings for K will cancel out.

Instruction Summary. (1) Place
the water-jacketed sample vessel around
Ox, and swing the vessel support into
position under the cell.

(2) Set Ox to position A, set Os to a
reading of approximately 80, switch
fixed-step tuning capacitor (0'0_2') to
120 /LId., and then set 0 9 to the lowest
value that will maintain the microam­
meter needle at a fixed stable position
near the right end of the scale.

Note: With a polar liquid around
Ox it will probably be necessary to
switch the fixed-step tuning capacitor
(010- 21) to a lower value than 120 to
compensate for the large capacitance
introduced by the polar liquid. If this
is done, record (010_ 21) ...

(3) Carefully rotate Os to the
position at which the microammeter in­
dicator needle abruptly falls to the left;
this is the resonance reading. Return
the needle to the right again by rotating
Cs to a higher value, and then repeat the
determination of the resonance reading.
The resonance reading on the Os dial
should be reproducible to the nearest
0.1 division (0.02 /L/Lf.).

(4) Set Ox to position B, leaving
C9 and CIO- 21 unchanged. Repeat step
(3). Record the new reading as (CS)B.
Observe note in step 2.

(5) ThorougWy clean the water­
jacketed vessel and the plates of the

well grounded (E in Figure 2). If in­
ductance £. is not mounted externally,
close proximity to surrounding metal
should be avoided. In order to thermo­
stat the liquid when its dielectric con­
stant was being measured, a simple
unshielded water-jacketed cell (8-ml.
capacity) was provided for simple
insertion and removal.

When construction is complete cer­
tain internal tuning adjustments should
be made. For this purpose follow the
first two steps in the instruction
summary and then: (1) adjust R2
until the potential between Band C
is equal to the potential between C and
D; this potential should be about 1 volt
and the measurement should be made
with a VTVM; (2) adjust R, until a
mid-scale reading is obtained on micro­
ammeter M,; (3) adjust Cscarefully for
nearly maximum deflection on M,
using slightly less capacitance than
necessary for the peak, and readjust R9
if necessary to keep the needle on scale;
(4) unplug X 4 and adjust R7 to zero
reading on M1 ; and (5) replace X 4 and
readjust R9 for approximately 90 /La.
at resonance. Remove X 4 from socket
and note that M 1 should fall to zero.
Any reading indicates self-oscillation
and Rs should be reduced slightly.

Fine tuning is achieved by finding the
smallest value of Cs which will keep the
microammeter indicator needle at a
fixed stable position near the right end
of the scale. This value is determined
by rotating the knob of Cs from a value
which is too high to one which is too
low; just at the threshold of resonance
the needle will make a small movement
to the left, but this movement should
not be confused with the large abrupt
deflection to the left which corresponds
to the establishment of resonance.
When near resonance, the needle will
oscillate from side to side with a period
which depends on the care with which
resonance is established. At resonance
the period of oscillation is about 10
seconds; at about 1.2 /L/Lf. below the
proper resonance point the period is
about 4 seconds and the amplitude is
much smaller. If the capacitance is
more than about 1.2 /L/Lf. too low, the
needle simply rests at the left end of the
scale.

USE OF INSTRUMENT

This instrument utilizes the capacity­
substitution principle described by
Bender (1) or a standard text (2). For
a given dielectric in Cx the resonance
capacitance (C) of the circuit is given by

C = Cn + K(Ra)B + (Ca)B +
(CU1..21 )B (1)

when the cell capacitor, Cx, is in posi­
tion B, and by

C = CIA + K(Ra)A + (CS)A +
(CIO_,ll)A (2)

when it is in position A. R refers to the
arbitrary dial reading obtained on Cs
at resonance, and K to the conversion
factor (vide supra) needed to give
capacitance units. Since, for a given

Compound

(1) n-Nonane
(2) Cyclohexane
(3) Carbon tetrachloride
(4) Benzene
(5) Chloroform
(6) Chlorobenzene
(7) 1-0ctanol
(8) Acetophenone
(9) Acetone

(10) O-Nitrotoluene
(11) Methanol
(12) Nitrobenzene

E,

Observed

1.960
2.016
2.235
2.275
4.78
5.60

10.20
17.50
20.97
26.48
33.46
35.10

0,

Literature (5)

1.965
2.015
2.228
2.274
4.79
5.62

10.30
17.39
20.70
26.65
32.63
34.82

Relative error

-0.25
+0.05
+0.3
+0.05
-0.2
-0.4
-1.0
+0.6
+1.3
-0.7
+2.5
+0.8
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(11) Baker and Adamson, Reagent
Grade, No. 1212. Fractionally distilled
from cone'd. H2S04 (15 ml. H2S0~ per
liter of MeOH), fractionally distilled
from alkaline AgNOa (5 grams/liter),
refluxed with freshly ignited CaO,
refluxed (900 ml. of it) with Mg meth­
ylate (5 grams of Mg per 60 ml. of lime­
treated MeOH plus 0.5 gram of 12),
fractionally distilled. Method as given
in (9).

(12) Matheson, Coleman, and Bell,
No. 5051. Fractionally distilled, steam
distilled, dried with CaCh, recrystallized,
dried over P20ll, fractionally distilled at
2-mm. pressure. Method as given
in (8).

RESULTS

Some values of dielectric constant ob­
tained at 25.0° C. with the instrument
and liquids described above are listed in
Table 1. With one major exception,
methanol, the observed values agree
with published values to within ± 1%;
in most eases the agreement is much
better. In the cases of worst agreement

it is believed that impurities in the
compounds are the main source of error,
in spite of the reasonable (but not
exhaustive) care with which each com­
pound was purified. The other major
source of error is believed to be the
error involved in the manufacturer's
tolerance of the capacitors used in the
fixed-step tuning capacitor, C1O- 21 • The
tuning indicator is exceptionally sensi­
tive and a given reading is very re­
producible, hence these are not con­
sidered to be significant sources of error.
This instrument has been used very
easily by students in the physical
chemistry laboratory, and it is simple
enough in design so that unusual
knowledge of electronics is not required
to understand its principle of operation.
The students have used this instrument
for both dielectric constant and dipole
moment determination.
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Determination of Moisture In Ion Exchange Resins

by Karl Fischer Reagent

FRANK X. POLLIO

Rohm & Haas Co., Philadelphia, Pa.

l> Applic:ation of the Karl Fischer
method to determination of moisture
associated with ion exchange resins is
described. The method of analysis
involves direct titration of the resin in
either methanol or pyridine solvent.
Use of the Fischer reagent ()vercomes
many of the limitations of both oven
drying and azeotropic distillcltion tech­
niques commonly used for detection of
moisture in resins.

T HE Karl Fischer reagent offers a
relatively simple, fast, and reliable

chemical means for quantitatively deter­
mining moisture present in a wide
variety of substances. Since the dis­
covery of the specificity of this reagent
for water in the mid-thirties (1), it has
proved highly successful for the deter­
mination of water associated with either
organic or inorganic materials. In
addition,the Karl Fischer reagent has
served as a useful tool in following the
course of chemical reactions in which
water appears as a reagent or one of the
products formed (3).

With the introduction of macro­
reticular resins (4), the utilization of ion
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exchange resins as catalysts or adsorb­
ents in organic systems has received
added impetus principally because of the
favorable physical and chemical at­
tributes of these exchangers in non­
aqueous media. To assure maximum
efficiencies of these materials, it has
often been necessary to know the
moisture levels associated with the res­
ins before utilizing them as either
catalysts or adsorbents in moisture
sensitive systems. The Karl Fischer
reagent has recently been found satis­
factory for this purpose. The Karl
Fischer reagent is a solution of iodine,
sulfur dioxide, and pyridine in methanol,
with the strength of any preparation
being dependent on the iodine con­
centration. As the Fischer reagent
reacts with water in a particular sample,
the red-brown color of iodine is con­
sumed until all the water has been re­
acted. The reagent thus serves as its
own indicator during visual titrations.

EXPERIMENTAL

Apparatus. Though elaborate vis­
ual or electrochemical Karl Fischer
titration units are available com­
mercially (typical supplier A. H.

Thomas Co., Philadelphia, Pa.), the
apparatus in its simplest form con­
sists of a buret (5- or 10-ml. capacity),
a reservoir for the Fischer reagent, a
125-ml. Erlenmeyer flask, and a mag­
netic stirrer plus stirring bar. A
Drierite tube, placed above the reser­
voir, serves to protect the reagent
from atmospheric moisture contamina­
tion. The tip of the buret delivery tube
is inserted through a rubber stopper
placed into the mouth of the Erlen­
meyer flask containing stirring bar plus
the contents to be titrated. A small
slit, cut into the rubber stopper, facili­
tates gravity flow of Karl Fischer rea­
gent during titration.

Reagents. Karl Fischer Reagent.
:May be prepared using the method of
Smith, Bryant, and Mitchell (7), or
more conveniently, may be purchased
as a single stabilized solution (Harleco
Chemical Products). The reagent un­
dergoes slow deterioration on standing
and therefore should be standardized
periodically, preferentially before use.

Sodium Tartrate Dihydrate (Nar
CJI~06·2H20). Primary water stand­
ard (Harleco Chemical Products).
Though pure water or a standard solu­
tion of water in methanol may be used
for standardization purposes (5), sodium
tartrate dihydrate is preferred. This



Deviation
0.11
0.08
0.05
0.07

±0.08 (av.:dev.)

Water Toluene
wet wet

resin resin
0 53.30a 1.21a

1 1.41 0.34
2 0.54 0.21
3 0.29 0.21
4 0.19 0.20
5 0.22 0.19
6 0.16
7 0.18 0.14
8 0.10 0.12
9

10 0.12 0.13
11 0.12 0.13

Drying
time,
hr.

Table III. Determination of H20
Added to Karl fischer Titrated

Amberlyst 15
H20 found by
Karl Fischer

titration, %
1.29
5.12
9.53

13.20

H 20 added, %
1.25
5.04
9.68

13.08

Table II. Amberlyst 15 Drying Study
(Drying conditions 100° C. < 1 mm. Hg)

Moisture, %

a Weight per cent moisture determined
on samples drained of excess solvent (be­
fore drying).

Though analysis of moisture as­
sociated with resins of different
structural types was not investigated,
no serious interferences should be
expected in the case of standard type
products available commercially.
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Table IV. Amberlyst 15 Moisture Precision Data
Methanol solvent Pyridine solvent

Moisture Moisture
found, % Deviation found, %

11.28 0.06 11.06
11.09 0.13 11.25
11.29 0.07 11.12
11.22 0.00 11.24
11.22 (mean) ±0.07 (av. dev.) 11. 17 (mean)

small known quantities of water to the
titrated resin samples and then re­
evaluating the samples for moisture.
The added water was accounted for in
each case within the reasonable experi­
mental limitations of the method
(Table III).

Precision. An indication of the
reproducibility of the method may be
obtained from an examination of the
data in Table IV which records mois­
ture values from a series of inde­
pendent moisture determinations for
an Amberlyst 15 sample made in
either methanol or pyridine solvent.

As seen from the data of Table IV, the
average deviations differ by less than
±0.75% of the mean values of the
individual sets of determinations, with
no independent measurement deviating
more than ± 1.5% from the means.
Oven drying of four replicates of the
same Amberlyst 15 sample, on the
other hand, gave a mean moisture value
of 10.25%, with an average deviation
from the mean value of ±2%.

The lower moisture values obtained
from zylcl azeotropic distillation and
oven drying of Amberlyst 15 samples
are probably attributable to incomplete
release of moisture from the internal
pores of the macroreticular resins

during the distillation and drying
processes. Sulfonic resins, especially
when in the hydrogen form, are noted
for their abilities to hold onto the final
residual amounts of moisture rather
tenaciously even after prolonged drying.
This behavior is apparent from the data
of Tables I and II. Inherent dis­
advantages of both oven drying and
azeotropic distillation methods are that
they are time consuming and incapable
of satisfactorily handling unstable and
heat sensitive resins. In addition, the
presence of volatiles other than water
can lead to serious errors at low moisture
levels. Direct Karl Fischer titration of
the resin samples should considerably
overcome the moisture detection limita­
tions of the customary physical methods
at low resin moisture levels. The
Fischer reagent appears better suited
for determining tightly bound residual
moisture which otherwise may escape
detection.

stable crystalline hydrate possesses an
accurately known water composition
(15.66 ± 0.05% H 20) after 3 hours'
drying at 150° C. (6).

Methanol. Reagent grade (J. T.
Baker Co.).

Pyridine. Reagent grade (J. T.
Baker Co.).

Procedure. Into a dry 125-ml.
Erlenmeyer flask, pipet 25 ml. of
pyridine or methanol. Connect the
flask to the tip of a 10-m!. buret
(Teflon stopcock equipped) with a
rubber stopper. Titrate the con­
tents of the flask with standardized
Karl Fischer reagent while the con­
tents of the flask are agitated by
means of a magnetic stirrer. Record
the milliliters of titrant required to pro­
duce a light cherry-red end point which
persists in intensity for at least 60
seconds. To the Erlenmeyer flask add
an accurately weighed 1 to 5 grams of
resin sample, the size of the sample
depending on the moisture level ex­
pected and on the strength of the Fischer
reagent. Resume the titration until
the identical end point color observed
for the pyridine (or alcohol) blank is
attained. Record the total volume of
titrant used for the blank plus the
sample. The per cent H20 in the resin
sample may then be calculated.

The procedure employed for stand­
ardizing the Fischer reagent is the same
as the one used for the moisture de­
termination of a resin sample, except that
a 0.5- to l.Q-gram sample of N&2C4H40 6 •

2H20 is used in place of the resin
sample.

Table I. Amberlyst 15 Moisture
Determination

Moisture found, %
Karl Fischer Zylol

titration distillation
0.9 0.4
0.9 0.8
1.1 1.0
2.7 2.4

RESULTS AND DISCUSSION

In Table I are represented some
typical data obtained during moisture
analysis of Amberlyst 15, a macro­
reticular hydrogen-form sulfonic ion
exchange resin based on a styrene­
divinylbenzene matrix. Results from
both the Karl Fischer technique de­
scribed and zylol azeotropic distillation
(2) are recorded.

The Karl Fischer technique was used
successfully during a drying study for
Amberlyst 15 resin to determine the
minimum drying time that would be
required to dry under vacuo a com­
pletely hydrated Amberlyst 15 sample
or a sample in toluene containing a
relatively low moisture level. Data
obtained during the study are tabulated
in Table II. The reliability of the
Fischer titration values was checked
out in several instances by addition of
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Correction of Luminescence Spectra and Calculation
of Quantum Efficiencies using Computer Techniques

HARRY V. DRUSHEL, A. L. SOMMERS, and ROBERT C. COX

Esso Research Laboratories, Humble Oil and Refining Co., Baton Rouge, La.

t> Techniques are described for
evaluating the spectral sensitivity of
the emission monochromator-phototube
system and the spectral energy dis­
tribution of the excitation source-

•monochromator system of an Aminco­
Kiers Spectrophosphorimeter, with fluo­
rescence attachment. The treatment
and use of sensitivity data for the
correction of recorded spectra to units
of relative energy or quanta are
discussed. For this purpose, a com­
puter progrom was written to correct
the spectra and provide a print-out
of the spectrum in units of relative
quanta per unit frequency. Provision
was made in the computer program
for simultaneous integration of the
corrected emission spectrum for use
in calculation of quantum efficiencies.
The quantum efficiencies for several
compounds were determined using a
comparative method making use of
quinine sulfate as the reference stand­
ard.

A PPLICATION OF LUMINESCENCE

TECHNIQUES to analytical, physical,
and organic chemical problems has in­
creased recently, particularly now that
commercial instruments are being used.
The correction of emission spectra and
the determination of quantum ef­
ficiencies afe important in the study of
photochemical reactions and of the
mechanisms of fluorescence quenching
and energy transfer in solution. An
understanding of the origin of quenching
is necessary when the phenomena of
fluorescence or phosphorescence are
used for quantitative analytical pur­
poses. The measurement and com­
parison of quantum efficiencies for
fluorescence V8. phosphorescence pro­
vide information concerning the nature
of intersystem crossing (singlet-triplet
transitions). Also, increased use of
commercial app.aratus will result in the
publication of numerous luminescence
spectra which should be corrected to be
of greatest value to other workers.

Parker (8), in an excellent review, has
recently discussed in detail the correc­
tion of fluorescence spectra and the
measurement of fluorescence quantum
efficieneies. He emphasized the calibra­
tion of the fluorescence monochromator­
phototube combination, the correction
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of the emission spectra (to relative
quanta per unit frequency interval
V8. frequency), and the measurement
of quantum efficiencies using reference
compounds of known quantum ef­
ficiency. More recently, Parker (7) has
discussed the calibration of a fluores­
cence monochromator in the ultraviolet
region and has described the use of a
fluorescent screen monitor for this pur­
pose. The comparative method for
measuring quantum efficiencies pro­
posed by Bowen (2, 3) has been used
with proper modification by Weber and
Teale (12), and Melhuish (4, 5), as well
as by Parker and Rees (8).

White, Ho, and Weimer (13) stressed
the need to calibrate each instrument
because sources, gratings, and photo­
tubes perform differently from one
spectrophotofluorometer to another.
They describe methods for calibrating
the Aminco-Bowman Spectrophoto­
fluorometer. The emission monochro­
mator was calibrated over the range
340 to 675 mJ.l using a previously cali­
brated Mazda projection bulb. The
excitation monochromator (Hanovia
xenon arc source) was calibrated by
several methods including a chemical
actinometer, a phototube of known
response, and a thermopile. Although
data have been published on the correc­
tion of fluorescence spectra, very little
effort has been placed on the use of
computers to reduce the tedium of such
time consuming repetitive calculations.

In the present work, a relatively
simple method for the calibration of an
Aminco-Kiers Spectrophosphorimeter
with fluorescence attachment is de­
scribed. The emission monochromator
(1-P-28 phototube) was calibrated over
the entire region from about 220 mJ.l
to 600 mJ.l using several sources of
known spectral energy distribution.
Using the calibrated emission mono­
chromator, the spectral energy distribu­
tion curve for the excitation mono­
chromator (Osram xenon arc source)
was determined. A computer program
was written to correct recorded spectra
and provide a printout of the corrected
spectrum in units of quanta per unit
frequency interval V8. frequency. The
computer program also provides for
integration of the spectrum for use in
calculating quantum efficiencies.

EXPERIMENTAL

Apparatus. An Aminco-Kiers
Spectrophosphorimeter with fluores­
cence attachment was used through­
out this study. The excitation mono­
chromator contained an Osram xenon
arc source and a 50- X 50-mm. grat­
ing (600 grooves per mm.) blazed for
highest efficiency at 300 mJ.l in the first
order. A 1P28 phototube was used
with the emission monochromator which
was identical to the excitation mono­
chrometer except for a blaze wavelength
of 500 mJ.l. Presentation of spectra
from both monochromators was linear
in wavelength. The spectral slit widths
for these grating monochromators were
essentially constant over the wavelength
ranges studied.

Absorption spectra were determined
with a Cary Model 14M spectro­
photometer.

For calibration, a tungsten filament
bulb operated at several different con­
trolled voltages was used. Filament
temperatures were measured with an
optical pyrometer. Assuming black
body radiation, the spectral energy dis­
tribution was calculated from Wien's
law. For the ultraviolet region, a
Hanovia quartz mercury-vapor arc
lamp (lamp code SH) was uesd. The
relative intensities of the numerous
lines from this lamp were supplied by
the manufacturer.

Spectra were recorded with a Mosely
autograf drum-type X-Y recorder.

Corrections of the emission spectra
were performed on an IBM 1620 com­
puter.

Chemicals. Quinine sulfate (Mathe­
son Coleman & Bell) was recrystal­
lized twice from hot water acidified
with sulfuric acid.

Anthracene (Eastman) was recrystal­
lized from alcohol and the phenol (J.
T. Baker, reagent grade), indole (East­
man), and Rhodamine B (Eastman)
were used as supplied from the manu­
facturer.

Temperature was maintained at 250

± 10 C. for all measurements. Assum­
ing a temperature coefficient of emission
intensity of 1 to 2%, variations intro­
duced by temperature fluctuations prob­
ably did not exceed variations in in­
strument operation.

Calibration of Emission Monochro­
mator (1-P-28Phototube). The minia­
ture tungsten filament lamp was
placed inside the cell compartment so
that the emission could pass directly
through a pair of 0.5-mm. slits into
the emission monochromator. The



10.0

Below 400 mil, the monochromator­
phototube response was determined by
use of the Hanovia quartz mercury
vapor lamp. The lamp was mounted
above the cell compartment and the
radiation reflected into the monochro­
mator by placing a sheet of aluminum
foil (pure, J. T. Bake,r) in the cell com­
partment. No correction was made for
a slight variation of reflectivity VB.

wavelength. The output of the photo­
multiplier was recorded as in the case
of the tungsten lamp. Intensities of
the emission bands were supplied by
the manufacturer of the mercury vapor
arc lamp. Although the relative energy
distribution of a line source is expressed
in terms of total relative energy emitted
by the lines, these energies may be used
for this calibration as though they
were energies per unit wavelength inter­
val (the spectral slit width of the mono­
chromator; expressed in wavelength
units, was constant VB. wavelength).
Small exit slits (0.5 mm.) and small
entrance slits (1 mm.) were used to
reduce the intensity of the background
emission (continuum) compared to that
of the sharp mercury emission lines.
In most cases the recorded intensity
returned to essentially zero between
the sharp emission lines. For the sev­
eral weaker lines the background (con­
tinuum) was accounted for by drawing
a base line to determine the peak in­
tensity. The very weakest lines were
not used for the calibration. Correc­
tion factors, K, were calculated accord­
ing to the equations given above.

Emission monochromator-phototube
correction factors for energy and quanta
per unit wavelength interval are plotted
in Figure 1. Correction factors for
quanta per unit frequency interval
are plotted in Figure 2. Data from the
tungsten lamp and the mercury vapor
arc lamp were normalized at 500 mil,
thus providing a continuous correction
curve from about 240 to 600 mil.
Although the actual intensity of the
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Presentation of spectra with an abscissa
linear in frequency is preferred as the
energetic relationship between indi­
vidual bands (vibrational fine structure)
then becomes linear. Therefore, for
such presentation a factor must be in­
cluded to account for the change in
wavelength interval with change in
frequency interval as shown by Parker
and Rees (8):

dA C X2
J' = CiA' - = - - = - - (4), d" ,,2 C

dQ dQ dA dQ X2 (5)
d" = dA dv = - dA • c

The correction factor then becomes:
K.Q = K"E . AS (6)

FREQUENCY (/,-1)

Figure 2. Correction factors for emission monochromator (1-P-28 phototube)
in units of quanta per unit frequency interval
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where

x = wavelength in IL
T = temperature in oK.
C! = [5.673 X 10-12 watt/(cm. 2 K. 04)]

[(15/.".4)C24]
C! = 1.4385 X 104 ILK. 0

As the relative intensity of the emission
from the tungsten lamp became small
near 400 mil, the useful spectral range
was about 400 to 600 mil. Beyond 600
mIL, the sensitivity of the 1P28 photo­
tube diminished rapidly, which limited
its use to wavelengths below 600 mil.
Correction factors were calculated at
lO-mll intervals by dividing the calcu­
lated relative energy by the recorded
output of the photomultiplier:

E = energy flux per unit wavelength
interval

R = recorded response of the mono­
chromator-photomultiplier com­
bination

exit slit (photomultiplier slit) was also
set at 0.5 mm. The output of the
photomultiplier VB. wavelength was
recorded on the X-Y recorder. From
the measured filament temperature,
the spectral energy distribution curve
was calculated by means of Wien's
law.

WAVELENGTH (m1')

Figure 1. Correction factors for emission monochromator (l·P-28 phototube) in
units of energy and quanta per unit wavelength interval

where

Thus, multiplication of the recorded
intensity at a given wavelength by K>.E
converts the apparent intensity to a
true relative energy. A correction
factor for conversion to relative quanta
per unit wavelength interval was ob­
tained by multiplying by A:
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WAVELENGTH (ffi/U)

Figure 3. Spectral energy distribution for excitation
monochromator (Osram xenon lamp)

Spectrum. All spectra were obtained
at solute concentrations representing
linear response (emission intensity)
V8. concentration. Under these con­
ditions the undesirable inner-filter
effects are minimized. Inner-filter
effects have been thoroughly discussed
by Parker and Rees (9) in a recent
review. For very accurate quantum
efficiency measurements, a correction
for self-absorption of luminescence must
be applied. In the case of certain
.compounds, this effect may be quite
large if sufficiently dilute solutions are
not used. In general, however, at very
low concentrations the oxygen quench­
ing constant will be much more sig­
nificant than the self-quenching con­
stant, necessitating the exclusion of
oxygen during measurement. There­
fore, oxygen was removed by degassing
all solutions with high purity dry
riitrogen and by continuously flushing
the cell compartment with nitrogen.

Computer Processing and Correc­
tion of Spectra. Manual calculation
of corrected intensities and replotting
of the spectra is tedious. Modern
computers are ideally suited for such
time eonsuming calculations. A pro­
gram was written for an IBM 1620
computer to process the spectral
data and present the corrected data
in a graphical form.

Intensities from the recorded spectra
at 5-m,u intervals are punched on IBM
cards. For very sharp peaks, shorter
wavelength intervals are used. The
correction factor KI>.E at similar inter­
vals of wavelength are also punched on
IBM cards. An additional factor, A3

(see text above), is calculated for
multiplication along with K), E. After
applying the correction factors, a
parabola is fitted to the three points
bracketing the peak to determine the
maximum intensity and all of the in­
tensities are normalized with respect
to this computed maximum. The re­
ciprocal of each wavelength value is
calculated to yield frequency in units
of reciprocal microns. The resulting
table of normalized, corrected inten­
sities and frequencies is used with a 4­
point LaGrangian interpolation sub­
routine to compute the position for the
ordinate character at intervals of 0.01
micron -1. For use in quantum effi­
ciency calculations, the ordinate values
are summed to provide integrated area
for graphical presentation of the spec­
trum. A pair of cards is punched for
each point. The IBM printer uses the
last 60 columns of each card of the pair
to give 19 characters of identification
and 101 positions for plotting. The
first character of each card controls
page skipping and space suppression
on the printer and the next 19 may be
used for identification, sequence, etc.,
but do not print. Successive pairs of
cards represent an increment of the
abscissa of 0.01 micron -1. The inte­
grated area (sum of ordinates) and
normalization factor are printed last at
the lower left hand corner of the spec­
trum. A suitable grid of scale characters
is generated at the start, firiish, and
at each 10 increments of abscissa to
give a finished appearance to the
printed spectrum.

The Appendix gives the Fortran
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individual mercury vapor emission lines
varied by several orders of magnitude,
the resulting correction factors produced
a rather smooth curve. For compari­
son, the data of vVhite, Ho, and Weimer
(13) were normalized and induded in
Figure 1. Their data extend to only
350 mIL at which point a sharp rise is
noted. The low intensity fl'Om their
tungsten lamp at 350 mIL (the Mazda
lamp probably had an ordinary glass
envelope) was likely the main reason
for the sharp cut-off rather than ab­
sorption by the envelope of the photo­
tube. The 1-P-28 phototubes are regu­
larly used in spectrophotometers op­
erating in the ultraviolet region of the
spectrum and should show a reasonable
response between 250 and 350 mIL.
A I-P-28 phototube has an S-i> response
sho'i\>ing a maximum near 340 mIL
according to manufacturer's data.
Above 375 mIL, the data of White, Ho,
and Weimer (13) agree rather well with
the data shown in Figure 1. It is
interesting that the response of the
monochromator-phototube combination
expressed in relative quanta per unit
frequency interval approaches linearity
between a50 and 500 mIL, the most
frequently used region of the spectrum.

Calibration of the Excitation Mono­
chromator .(Osram Soun:e). The
excitation monochromator was cali­
brated by makin.g use of the ealibrated
emission monochromator. Radiation
from the excitation monochromator
was scattered into the emission mono­
chromator by placing a neutral re­
flecting or scattering material in the
area of the cuvette holder. With
narrow exit slits (0.5 mm.) on the
emission monochromator the scattered
radiation at intervals of 10 mIL was
scanned with the emission monochro­
mator and recorded. Several different
materials were used to scatter the
radiation, viz., a magnesium oxide
screen, aluminum foil, quartz wool,
and calcium carbonate. The recorded
intensities were multiplied by the
correction factor, KI>.E, to obtain the
emitted spectral energy distribution
curve expressed in terms of energy per
unit wavelength interval EJ,E V8. wave­
length (see Figure 3). The distribution
of radiation from source and mono­
chromator in terms of quanta per unit
wavelength interval EI>.Q was obtained
by multiplying by KI>.Q (or EI>.Q =
E),E • A). Data obtained with the
magnesium oxide reflector were chosen
without correction for the change in
coefficient of reflection with wavelength
which varies by only several per cent
over the range 250 to 500 m,u (1, 11).
Although the other scattering materials
behaved very much like the magnesium
oxide, the magnesium oxide probably
represents the best neutral difIuse re­
flector which is readily avaJilable.

The energy (or quanta) distribution
curves may be used to correet excitation
spectra or correct for differences in
quanta of exciting radiation when the
wavelengths of excitation are different
for the reference standard and the
unknown, whose quantum efficiency
is being measured.

Measurement of the Emission
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Figure 4. Corrected fluorescence spectrum of anthracene in units of quanta

listing (may be used on other computers)
of the program with comments de­
scribing the function of each major
division. The program uses a special
subroutine (available upon request) to
punch the cards which list as a graph.
An example of a finished plot of the
fluorescence spectrum of anthracene is
shown in Figure 4.

RESULTS AND DISCUSSION

Quantum Efficiency Calculations.
According to Parker and Rees (8),

the total intensity of luminescence

(FQ for fluorescence intensity in quanta
per second) is equal to the intensity of
the absorbed energy times the quantum
efficiency.

FQ = c/>EQ(l - lO-Eb') (7)

where

c/> = quantum efficiency
quanta emitted
quanta absorbed

E = intensity of exciting radiation in
quanta per second

e = molar absorptivity (liters mole-I
cm.- I )

b = optical path length in em.
e = concentration in moles per liter

When the absorbing solute is reduced to
low concentrations such that the per
cent transmittance is high (region of
linear emission intensity V8. concn. is
when % T ~ 95), Equation 7 reduces to

FQ = c/>EQ (2.3 ebe) (8)

When the same instrument and the
same exciting wavelength is used the
fluorescence intensities (integrated areas
expressed in units of quanta) of two
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(8)
(6)
(.4)
(7)
(8)

(12)
(12)
(7)

(12)

0.28
0.26 b

0.27 b

0.27
0.69
0.97
0.22
0.19c

0.45
0.55

0.22

0.76

0.13

0.24

This
worka

1.00
1.00

Concn.
used

(ILg./ml.)

1. 78

0.372

10.0

Max.
(IL -1)

2.63,2.50
2.37,2.22

3.34

1.75

Some Quantum Efficiencies Determined from Computer Processing of
Fluorescence Data

(Quinine sulfate used as reference standard, q, = 0.55)

Quantum efficiency, q,
Litera-

ture
values Reference

Rhodamine B, in ethanol

Phenol, in water

Indole, in water 2.90
Quinine sulfate, in water 2.14

a Values not corrected for self-absorption.
b The recorded values, uncorrected for self-absorption, were 0.22 (6) and 0.228 (4).
c In ethanol.

Compound
Anthracene, in ethanol

Table I.

However, with the Aminco-Kiers instru­
ment and certain other instruments
having a separate excitation mono­
chromator, the wavelength for maximum
excitation may be selected for each
different compound. In this case, the
EQ terms remain in the equation. If

different compounds are related as
follows:

F2Q E 2Q""E2bc2 ""A 2 (9)
F,Q = If,Qq,IE,bcl = q,IA ,

where

A. = absorbance representative of
the solution used for the
luminescence intensity meas­
urement

F area of luminescence spectrum
in units of quanta.

APPENDIX I

07300 C

onoo C
07300

07300
07300 C

(j7300
07312
07396
07420
07444 C

07444
07468 C

07468
07480
07552
07644
07692
07760 C

07760
07808
07844
07880
07916

08084
08092 C

08092
08140
08176
0821:l
08248
08316
08364
0837'l
08440
084134
08488
08496

SPECTRO-PHOSPHORIMETER PROG. AD­
JUST, SCALE, PLOT AND INTEGRATE.

RCC-HVD-ALS. VERSION 11-19-62.
DIMENSION WAVL (75), CORDG (75), A(3, 4),

X(4), CRDG(4), D(4)
DIMENSION F(32)
READ TABLE OF CORRECTION FACTORS

(32 ITEMS) AND PROBLEM NO.
DO 5 I = 1, 32

5 READ 11, F(I)
100 BIGRD = 0.0

READ 10, PROBN
SET INDEX OF COMPUTED GO TO FOR

EXIT FROM INTERPOLATION TO 93.
KIF = 1
READ DATA, GET CORRECTION FACTOR

BY INTERPOLATION, SAVE LARGEST
RDG

DO 20 I = 1,75
READ 10, WAVL(I), RDG, CORR
IF (WAVL(I) - 999.)23,24,24

23 :FREQ = WAVL( 1)
IF(FREQ - 270. )12,13,13
UP TO 270.0 MILLIMICRONS, LINEAR IN­

TERPOLATION.
12, TEST = (270. - FREQ) /5.0

J2 = TEST
B = J2
J3 = 10 - J2
YRDG = F(J3) + (TEST - B)* (F(J3 - 1) ­

F(J3»
GO TO 93
ABOVE 270.0, USE 4-POINT LAGRANGIAN

INTERPOLATION.
13 TEST = (FREQ -270.)/15.0

J2 = TEST
B = J2
J3 = J2 + 8
IF(TEST - B) 15,16,1.5

16 YRDG = F(J3 + 2)
GO TO 93

15 IF(J3 - 9)17,17,18
17 TEST = 270.

J3 = 9
GO TO 91

18 IF(J3 - 28)19,19,90

08564
08588
08612
08620
08668
08680
08716
08788
08836
08908 C
08908
08916 C

08916
08952 C

08~)52

09020
09044
09080
09164 C

09164
09188 C
09188
09212 C

09212 C

09212
09224
09260
09344
09452
09.524
09608 C

09608
09620
09704
09716
0~J908

09932
10000
10084

90J3=28
TEST = 570.
GO TO 91

19 TEST = 255. + B* 15.0
91 DO 92 J = 1,4

J4 = J3 + J
CRDG(J) = F(J4)
X(J) = TEST

92 TEST = TEST + 15.0
GO TO I~TERPOLATION.RETURN TO 93.
GO TO 75
MULTIPLY RDG BY CORR. FACTOR A~D

CUBE OF WAVL(I). (NOW IN FREQ)
93 RDG = RDG * YRDG * FREQ * * 3

SAVE LARGEST CORRECTED RDG A~D

INDEX RELATED TO IT (1-2).
IF(RDG - BIGRD) 20,20,22

22 BIGRD = RDG
J5 = 1 - 2

20 CORDG(I) = RDG
DATA ARE ALL IN. SET COMPUTED GO TO

FOR EXIT INTERPOLATION TO 94.
24 KIF = 2

INITIAL AREA UNDER CURVE = 0.0
SUMC = 0.0
SET UP MATRIX A FOR SOLUTION OF

PARABOLA THROUGH 3 POINTS WHICH
BRACKET BIGRD, THE MAXIMUM COR-

RECTED READING.
DO 30 L = 1,3
Jl = J5 + L
A(L,3) = 1000./\VAVL(Jl)
A(L,2) = A(L,3) * A(L,3)
A(L,4) = CORDG(Jl)

30 A(L,l) = 1.0
SIMULTANEOUS EQUATION 80LUTION,
STATEME~TS THROUGH 31. ANS 1 N
A(L.4)

DO 31 II = 1,3
DIAG = A(II, II)
DO 32 J = Il,4

32 A(Il,J) = A(lI,J)/DIAG
Kl = 1

33 IF(KI - Il)34,35,34
34 FELMT = A(Kl,Il)

DO 36 J = Il,4

2170 • ANALYTICAL CHEMISTRY



APPENDIX I (Continued)

10096
10372
10408
10476
10512 C

10512 C

10512
10548
10608
10692
10728
10740
10824
10944 C

10944 C

10944
10980
11004 C

11004·
11040
11076
I1112
11148
I1228
I1264 C

I1264 C

11264
11288
I1324
I1416
I1508
11556
I1564
I1632
11644
11716
I1824 C
I1824
11832
11912
I1924
1J972
12044
121.',2

36 A(K1,J) = A(K1,J) - FELMT* A(Il, J)
35 K1 = K1 + 1

IF(K1 - 3) 33,33,31
31 CONTINUE

COMPUTE MAX. VALUE OF PARABOLA.
SCALE CORDG(I) TO 100.0 MAX.

AND CONVERT WAVL(I) TO UNITS OF FRE-
QUENCY (RECIPROCAL CM.)

K = I - 1
FREQ = -0.5*A(3,4)/A(2,4)
BIGRD = A(1,4) - 0.25 * A(3,4) * A(3,4)/A(2,4)
CORR = 100.0/BIGRD
DO 25 I = 1,K
CORDG(I) = CORDG(I) * CORR

25 WAVL(I) = 1000./WAVL(I)
INITIALIZE PLOTF (GIVE IT PROBLEM NO

AND ( - ) SIGN TO INIALIZE CARD
NUMBER AND CAUSE FIRST LINE LEGEND

TO BE PUNCHED).
YRDG = -PROBN
YRDG= PLOTF (FREQ)
PICK INIT. FREQ FOR PLOT, AS N*0.02

JUST EQ. OR MORE THAN WAVL(I).
FREQ = WAYL( 1)*50.0
I = FREQ
FREQ = I
FREQ = FREQ*0.02
IF(WAVL(l) - FREQ - 0.01)60,61,61

61 FREQ = FREQ + 0.02
FIND 4 BRACKETING VALUES OF WAVL(I).

PUT THEM, + CORRESPONDING VALUES
OF CORDGm INTO X AND CRDG AR­
RAYS USED BY INTERPOLATION ROUT­
LINE.

60 1=0
501=1+1

IF(WA VL(I) - 999.0)51,99,99
51 IF(WAVL(I) - FREQ)52,63,50
63 YRDG = CORDG(I)

GO TO 74
52 IF( 1 - 3)65,65,68
65 DO 67 J = 1,4

X(J) = WA VL(J)
67 CRDG(J) = CORDG(J)

GO TO INTERPOLATION. RETURN TO 94.
GO TO 75

68 IF(I + 1 - K)80,81,81
81 DO 82 J = 1,4

J1 = K - 4 + J
X(J) = WAVL(Jl)

82 CRDG(J) = CORDG(JI)
GO TO 75

12160
12172
12220
12292
12400 C

12400
12424
12436
12556
12616
12628
12640
12784
12832
12964
13020
13068
13076
13196 C

13196
13272 C

1327
13328
13352 C
13352
13388 C
13388
13412
13436 C

13436
13472
13480 C

13480
13516 C

13516
13552
13576 C

13576
13612 C
13612
13620
13652
13690
13772

80 DO 83 J = 1,4
J1 = I - 3 + J
X(J) = WAVL(J1)

83 CRDG(J) = CORDG(J1)
4-POINT LAGRANGIAN INTERPOLATIO~.

ARGUMENT IS FREQ, X, CRDG. ANS, YRDG
75 YRDG = 0.0

DO 70 N = 1,4
70 D(N) = FREQ - X(N)

PN = D(I)*D(2)*D(3)*D(4)
DO 71 N = 1,4
DO 72 J = 1,4

72 D(J) = X(N) - X(J)
D(N) = 1.0
PI = D(1)*D(2)*D(3)*D(4)*(FREQ - X(N»)
IF(P1)71,73,71

73 YRDG = CRDG( N)
GO TO 74

71 YRDG = YRDG + CRDG(N)*PN/PI
END OF INTERPOLATION. ALTERNATE

EXIT BY COMPUTED GO TO.
74 GO TO (93,94), KIF

SOME ANSWERS ARE SLIGHTLY NEGA­
TIVE. MAKE THEM 0.0

94 IF(YRDG) 95,96,96
95 YRDG = 0.0

ACCUMULATE AREA UNDER CURVE.
96 SUMC = SUMC + YRDG

PLOT THE VALUE OF YRDG VS. FREQ.
YRDG = YRDG
YRDG = PLOTF (FREQ)
DECREMENT FREQ. AND RETURN TO 51

TO PLOT NEXT POINT.
FREQ = FREQ - 0,01
GO TO 51
SCALE PROBLEM NO. FOR PLOTTING SUB­

ROUTINE
99 PROBN = PROBN*O.Ol

GIVE PLOTF SIGNAL (-999.0) TO PUNCH
FINAL LEGEND AND PROB. NO.

YRDG = - 999.0
YRDG = PLOTF (PROBN)
PUNCH THE SCALE FACTOR (BIGRD) AND

AREA (SUMC)
PUNCH 7, BIGRD, SUMC
RETURN TO START ANOTHER PROBLEM.
GO TO 100

10 FORMAT (FlO.0,F10.1,FlO.2)
11 FORMAT (4XF5.2)
7 FORMAT (lH2, 19X, E15.8, E15.8)

END

the quantum efficiency of one of the
compounds is accurately known, the
value for the second compound may be
readily calculated.

F 2Q Al E,Q
<!>-, = <PI • FfJ . X;; . E/J (10)

Although it is generally held that <P
is independent of the wavelength of
exciting radiation (10), Equation 10
permits the use of selected wavelengths
for maximum excitation provided that
the spectral energy distribution of the
excitation monochromator is deter­
mined.

Quantum efficiencies for several com-

pounds were calculated by making use
of the correction data, the computer
program, and the above equations.
Quinine sulfate was used as the reference
compound throughout. Results are
presented in Table I. The values for
anthracene and Rhodamine B agree
very well with the literature values.
The low efficiency for phenol might be a
reflection of the effect of pH which
determines the decrease in phenol con­
centration as a result of conversion to
the nonfluorescent phenolate ion. How­
ever, a more significant factor is self­
absorption which is relatively large for
anthracene, Rhodamine B, phenol, and

indole. As seen in Table I, the values
for anthracene, uncorrected for self­
absorption, reported by Melhuish (4, 6)
agree almost identically with the deter­
mined value. Similarly, correction for
self-absorption in the case of the other
compounds, may have yielded higher
values. Fortunately, the quinine sul­
fate fluorescence spectrum does not
overlap its absorption spectrum so that
errors introduced by failure to correct
for self-absorption are negligible. The
extent of overlap of the emission and
absorption spectra is an important point
in the choice of a quantum efficiency
reference standard.
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CONCLUSIONS

The purpose of this paper was to
present a convenient approach to
calibration of luminescence equipment
and to show how modern computers
can be used for correction of the spectra
used in the calculation of quantum
efficiencies. Calibration data reported
in this paper should not be applied to
other instruments. Even though two
instruments may be of the same manu­
facturer and model, the components
(source lamp, phototube, electronics,
etc.) may not function identically. For
this reason, each separate instrument
should be calibrated and if a component
is changed it should be recalibrated.
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Determination of Propylene In Ethylene-Propylene
Copolym'ers by Infrared Spectrometry

.JAMES E. BROWN, MAX TRYON, and JOHN MANDEl

National Bureau of Standards, Washington 25, D. C.

~ Pyrolysis of ethylene-propylene co­
polymers produces derivatives that are
rich in unsaturated carbon-carbon
functional groups. This unsaturation
exhibits strong absorption in the region
of infrared light. The ratio of the
absorption of the vinyl groups to that
of the vinylidene groups varies with
the mole fraction of propylene in
ethylene-propylene copolymers. Mak­
ing use of this ratio, an analytical
method has been developed for
determining propylene in both raw and
vulcanized ethylene-propylene co­
polymers.

POLYMERS PREPARED by random
copolymerization of ethylene and

propylene with Zeigler or Natta
catalysts have a wide range of com­
mercial and practical applications (1, 7).
To achieve the elastic quality of rubber,
the propylene content must be con­
trolled within certain limits (1, 13, 14,
18). The work presented in this paper
deals with methods for determining the
mole fraction of propplene in both raw
and vulcanized copolymers.

Several methods have been reported
for determining propylene in raw
ethylene-propylene copolymers. The
basis for calibration of many of these
methods is the work published by
Natta (15), which involves measuring
the infrared absorption of the polymer
in CC4 solutions. The absorption at
7.25 microns, presumably due to methyl
vibrations, is related to the propylene
con'lentration in the copolymer. In
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some cases the dissolution of copolymers
with low propylene content or some
particular structures is difficult (5, 6).
Moreover, Natta's solution method was
calibrated against his radiochemical
method (15), for which the precision of
the method was not stated; a con­
siderable amount of scatter is evident in
the data presented.

Typical methods that have used
Natta's solution procedure (15) for
calibration are described in publications
by Wei (21) and Gossl (8). These
infrared methods avoid the solution
problems by employing intensity meas­
urements made on pressed films. The
ratio of the absorption at 13.9 microns
to that at 8.7 microns is related to the
propylene content of the copolymer.
Some objections (3, 16) to the use of
solid films have been raised because of
the effect of crystallinity on the absorp­
tion spectra in copolymers with low
propylene content. These film methods
are reliable only over the range of 30 to
50 mole % propylene.

Bau and Manaresi (2) also calibrated
a mass spectrometric method by Natta's
solution method (15). The propylene
concentration was reported to be re­
lated to a certain ratio of mass peaks
measured in the mass spectra of the
pyrolysis products of the copolymers.
An approximate calibration could be
established with homopolymer mixtures
of polyethylene and polypropylene.

Drushel and Iddings (5, 6) reported a
method calibrated against Cl4-labeled
copolymers. They found that the ratio
of absorbances of two bands in the

C-H stretching region or two bands in
the C-H wagging region could be used
to measure the propylene content of
pressed films.

In 1953 Harms (9) and Kruse and
Wallace (10) pointed out that most
polymers will depolymerize in a rather
characteristic fashion on heating, yield­
ing products representative of the
polymer. This technique has been used
repeatedly as a means for qualitative
analysis by infrared spectrometry.

The formation of characteristic
pyrolyzates served as the basis for the
method presented here. Cross (4)
indicated that thermal degradation of
linear aliphatic polymers produces ter­
minal unsaturated functional groups of
the type RCH=CH2 and that branched
polymers give products cGnsisting
mainly of RR'C=CH2• In addition, he
showed that different types of carbon­
carbon double bonds have specific
absorption in the infrared region from
1000 em. -1 to that just beyond 700
cm.-1

Copolymers of ethylene and propyl­
ene are very nearly saturated (17).
However, on pyrolysis they yield vola­
tile products that are rich in two
specific types of unsaturation, namely,
vinyl RCH=CH2 and vinylidene RR'C
=CH2 (20). The vinyl group absorbs at
about 909 cm. -1 and the vinylidene at
about 889 em. -1 (4, 17). Thermal deg­
radation of diolefin polymers also gives
unsaturated products. For example,
the absorption measured in a quantita­
tive method for natural rubber deter­
mination in natural rubher and SB-R



Figure 2. Typical infrared spectra of pyrolyzates obtained
from raw ethylene-propylene copolymers

100% C,

Constituent
Polymer
Phil black 0
Dicumyl peroxide
Sulfur

50%C,

Table I. Vulcanization Recipea

Parts by
weight
100

25
2
0.2

Total compound 127.2
a Compounds cured 45 minutes at 150 0

C.

multiplied by 100 to avoid negative
numbers.

Tables II and III list the results,
expressed as common logarithms of 100
R, for the raw and the vulcanized
samples, respectively. A separate
analysis was made for each of these two
sets of data, followed by a study of the
relationship between the results for raw
and vulcanized samples.

ANALYSIS Of RESULTS

A. Precision. For the study of
precision it is best to analyze first
the data for internal structure, with­
out reference to the propylene values
assigned to the samples by their
manufacturer. Such an analysis is
designed to reveal the reproducibility
of the analytical techniques, both
within sets and among sets of meas­
urements made either at different
times or on different instruments.

The statistical procedure is an exten­
sion of the ordinary analysis of variance
and involves linear regression techniques
(11, 12). The data of Tables II and III
represent two-way classification-i.e.,
data arranged according to two criteria

40%C,31% C,

(about 3 to 5 minutes), a portion of
the pyrolyzate was placed between two
NaCI windows having a 0.025-mm. lead
spacer to control cell thickness. The
cell was then placed in the infrared beam
and scanned through the frequency of
950 em. -1 to 850 em. -1 (10.5 microns to
11.8 micons). The instrument controls
were set for normal operation with NaCI
optics except that the recorder chart
speed was increased by a factor of two
on the Model 221. These expanded
spectra facilitated locating the absorp­
tion maxima. The absorbances cor­
rected for background were measured.
The ratio, R, of the absorbance near 909
em. -1 to that near 889 em. -1 was
calculated-i.e., R A 909 em. -1/
A 889 cm.- I

The position of the a bsorption peaks from left to right are near 909 em. -1

and 889 em. -1, respectively, for each pair and the nominal compositions
are indicated in mole % propylene

RESULTS

Figure 2 shows some typical spectra
obtained on the pyrolyzates by a Model
221 spectrophotometer in the region of
950 em. -1 to 850 em. -1 The nominal
mole % of propylene is indicated above
each spectrum. The absorbances of
the two bands were corrected for back­
ground by drawing a straight line
through the points of minimum absorb­
ances-i.e., 950 em. -1 and 850 em. -1

The specimens from each sample were
analyzed in a random sequence so that
each set contained one specimen from
each sample. The values of the ratio,
R, range from 9.977 to 0.0289, re­
spectively, for 0 to 100 mole % pro­
pylene for the raw samples and from
5.440 to 0.0431, respectively, for 10 to
100 mole % propylene for the vulcanized
samples. The common logarithm of the
ratio, R, can be represented by a linear
function of the mole % of propylene in
the copolymer. The R values were

D H C

Figure 1. flyrolysis furnace (20)

A. Transite sheet
B. Furnace fram combustion train
C. Stainless steel tube
D. Steel plug with hole far thermocouple
E. Thermocouple
f. Heater leads
G. Test tubes
H. Heater coils
S. Sample
Thermocouple and heater leads connect to an
indicator-control device

mixtures (19) is probably due to the
vinyl groups derived from the butadiene
part of the molecule and the vinylidene
groups from the methyl branches of the
isoprene units.

EXPERIMENTAL

Samples. Five copolymers were
used for calibration purposes; they
had nominal propylene concentrations
of 10, 20, 31, 40, and 50 mole %
assigned by the supplier from a ma­
terials balance based on the monomers
used. Linear polyethylene and iso­
tactic polypropylene (av. mol. wt. =
213,000) served, respectively, as 0
and 100 mole % propylene samples
for calibration purposes. The co­
polymers and the polypropylene were
vulcanized according to the recipe given
in Table 1.

Apparatus. The apparatus used
for the pyrolysis is shown in Figure 1
(19).

The spectra were scanned using three
infrared spectrophotometers, Perkin­
Elmer, Models 221, 21, and 137. A
simple demountable sodium chloride
cell with a 0.025-mm. lead spacer served
to contain the liquid pyrolyzate.

Procedure. A sample weighing
about 0.25 gram was placed in the
pyrolysis vessel, as shown in Figure 1.
The mouth of a smaller test tube (10
X 75 mm.) was adjusted to within
about 5 em. of the mouth of the larger
test tube (16 X 150 mm.) to aid in
directing the distillate along the hot
wall of the larger tube and thereby
assure maximum contact of the initial
pyrolyzate with the hot pyrolysis tube.
This technique yielded reproducible
pyrolyzates. The assembly was placed
in the furnace previously heated to
about 450 0 C. The pyrolyzate condens­
ing at the open end of the test tube was
allowed to run into a third test tube.
When the pyrolysis was complete
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Figure 3. Control chart plot of nr~ight, slope, and standard
deviation of scatter for the raw samples

a Rets A and B are data obtained on a Model 21, sets C and D on a Model 137, and sets
E through L on a 'Model 221 spectrophotometer.

Table III. Log lO(lOOR) for Polymer Pyrolyzates (Vulcanized Samples)

LoglO(lOO R) at various propylene concentrations, mole %

a The sets marked A are measurements made on a Model 221 Spectrophotometer;
the sets marked B are the results obtained on the same samples using a Model 137 Spectro­
photometer.

Seta 10 20 31 40 50 100

1A 2 .556 2 .334 2 . 125 1. 958 1. 655 0 .659
lB 2.612 2.363 2.136 2.002 1.646 0.705
2A 2 .649 2. 358 2 .168 1. 958 1. 674 O. 742
2B 2.662 2.363 2.170 2.038 1.724 0.744
3A 2.736 2.364 2.144 2.006 1.692 0.733
3B 2.68!) 2.375 2.143 2.010 1.698 0.652
4A 2.613 2.409 2.153 1.992 1.689 0.635
4B 2.655 2.428 2.140 1.990 1.691 0.729
5A 2.626 2.406 2.120 2.023 1.644 0.780
5B 2.651 2.411 2.130 2.016 1.692 0.779
6A 2.644 2.455 2.114 2.012 1.667 0.678
6B 2.657 2.480 2.136 2.000 1,668 0.697
Av. 2.6458 2.3953 2.1399 2.0002 1. 6783 0.7111

of classification. In this case the
criteria are: sample and set of measure­
ments made within a relatively brief
time period.

For each of the two tables, averages
were calculated for all the results per­
taining to any given sample and are
shown in the last row of each table.
Imagine that the results corresponding
to a given set-i.e., a given row in the
tables-are plotted against the cor­
responding average values (last row in
Tables II and III). One would expect
such a plot to approximate a straight
line, passing through the origin, with a
slope equal to 45°. Actually, plots ob­
tained in this manner often show
systematic departures from this ideal
situation. If, for example, a set of
measurements made at one time yields
consistently higher values than a set
carried out at another time, the line
corresponding to the first set will be
located above that corresponding to the
second set. The same situation might
occur even more frequently for sets of
measurements made on different in­
struments. The lines corresponding to
all the sets would then form a bundle of
approximately straight lines, most of
which would not pass through the
origin. Thus, the lines may have non­
zero intercepts. Also, the lines cor­
responding to different sets vary oc­
casionally in slope, as well as in
intercept.

Apart from such systematic dif­
ferences between sets there is, of course,
also a random component of variability,
shown by the fact that for any given set

100

0.695
0.743
0.596
0.580
0.542
0.432
0.542
0.461
0.591
0.658
0.5840

10 20 31 40 50

2.584 2.309 2.041 1.931 1.620
2.525 2.309 2.048 1.896 1.614
2.604 2.318 2.060 1.940 1.592
2.587 2.376 2.047 1.908 1.596
2.552 2.238 2.097 1.886 1.589
2.568 2.327 2.055 1. 896 1.588
2.562 2.315 2.063 1.902 1.589
2.578 2.301 2.048 1.916 1.582
2.567 2.340 2.053 1.933 1.620
2.561 2.362 2.068 1.904 1.588
2.5637 2.3193 2.0579 1.9114 1.5979

2.827
2.840
2.946
2.999
2.996
2.954
2.989
2.951
2.897
2.964
2. !J365

o

Table II. Log 10(1 00 R) for Polymer Pyrolyzates (Raw Samples)

Log10(l00 R) at various propylene concentrations, mole %
Seta

A
B
C
D
E
F
G
H
K
L
Av.
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8 = 0.0480

8 = 0.0407

For the vulcanized samples:

Converted to mole % propylene, these
values are

0.0480
1.85 mole-% and 0.022 =

2.18 mole-%

0.0407
0.022

For the vulcanized samples:

Yv = 2.824 - 0.02140 C.

where 0 3 represents mole % propylene
(the values assigned by the manu­
facturer) and YRand Yv represent the
measurement log (100 R) for the raw
and the vulcanized samples, re­
spectively.

The standard deviations measuring
the scatter in these two plots, in units of
log (100 R), are:

For the raw samples:

Now, each point in the calibration
curve is the average of 10 determina­
tions for the raw samples and the
average of 12 determinations for the
vulcanized samples. From the measure
of internal precision, std. dev. = 1.35
mole % propylene, one would expect a
scatter in the calibration curves meas­
ured by:

Std. dev. =

1.35
. /_ = 0.43 mole % propylene
vlO

for the raw samples and

Std. dev. =

1.35:ViZ = 0.39 'mole % propylene

for the vulcanized samples. Actually
we obtain 1.85 instead of 0.43 and
2.18 instead of 0.39 as the standard

relation between mole % propylene and
log (100 R). We will see that this
relation is approximately a straight
line of slope 0.022. Thus, the standard
deviation of scatter, in per cent propyl­
ene units, is

For the conditions under which the
measurements were made, the precision
corresponding to this value is the best
that can be obtained by this method.

2. For the raw samples, several points
lie outside the control limits for the
slope, indicating slight systematic differ­
ences among sets. Further calculations
show that the contribution of these
systematic effects to the over-all vari­
ability of the method would be notice­
able only at extreme concentrations
(close to 0 or 100% propylene).

3. For the vulcanized samples, all but
one point lie inside the control limits.
The single outlying point is due to Run
lA, in which the measured values
tended to be slightly low. Thus, on the
whole, the measurements made on the
vulcanized samples show little evidence
of systematic differences among sets.

Std. dev. =

0.0298
0.022 = 1.35 mole % propylene

YR = 2.759 - 0.02197 C3

B. Calibration. In Figures 5 and 6
the measured values for the raw and
the vulcanized samples have been
plotted against the values of mole %
propylene assigned by the manufac­
turer. In each case, the measure­
ments are the averages of all the
sets-i.e., they are the values shown
in the last row of Tables II and III.
For both plots straight lines have been
fitted to the data by the method of least
squares. The equations. of these lines
are:

For the raw samples:

the points corresponding to the various
samples do not fall exactly on a straight
line, but scatter more or less randomly
about such a line.

The statistical analysis consistent
with this viewpoint yields, for each set,
three parameters: the height of the
line, the slope of the line, and the
measure of scatter about the line.
The height of the line is its ordinate at a
point representing the grand average of
all the values for all samples. The
variability of these height values among
sets is identical with the familiar main
effect of sets in the analysis of variance.
The measure of scatter about the line is
the familiar standard error of estimate
which is essentially the root-mean~
square deviation from the line.

The values of the three parameters are
plotted in control-chart fashion in
Figures 3 and 4. The charts for height
and for slope are provided with two­
sigma limits. The interpretation of
these lines is based on the fact that if no
systematic differences exist among sets,
the chance for anyone point to fall out­
side the control limits is only 5%.
Thus, if appreciably more than 5% of
the points fall outside the control
limits, there is evidence that systematic
differences exist among sets. The
practical importance of this is that in
such a case the precision of the method
will be poorer on a set-to-set basis than
when it is measured within sets. This,
in turn, decreases the reliability of
determinations involving the use of a
calibration line prepared at another
time.

The following inferences can be
drawn from Figures 3 and 4:

1. The standard deviation of scatter
is the same for the raw and for the
vulcanized samples. Its average value
is 0.0298, in the scale of log (100 R).
In order to convert this value to mole
% propylene we must first establish the

0::
o
Q

2

'"o 2.0
-'
lL
o
<.0
~

o

0:: 2 .0
o
52
2

'"o
-'
lL
og,o
<l

o

1.0

o 30 40 50 so 70 BO 90 '00
MOLE '10 PROPYLENE

Figure 5. Calibration curve for raw samples

The mole % propylene values are those assigned nominally to samples by
the supplier. Each point is the average of 10 determinations. The least
square equation for the solid line is:

YR = log 100 CC RI = 2.759 - 0.02197 C3

where C3 is mole % propylene

o0~.l.-~.L;:;l;:-..L-:f30;;---J'-:4~0-'--:5,!;,0-L-,S,.l;0-l--}70,----1---:'L,-L-L-'-,.lo-0-L.J

MOLE % PROPYLENE

Figure 6. Calibration curve for vulcanized samples

The mole % propylene values are those assigned nominally to the samples
by the suppliers. Each point is the overage of 12 determinations. The
least square equation for the solid line is:

Yv = 10glO(100 R) = 2.824 - 0.02140 C.
where C3 is mole % propylene
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deviation of scatter for the calibration
curves. The explanation may be found,
in part at least, in the observation that
points corresponding to the same
sample in Figures 5 and 6 show the
same pattern of deviation from their
respective calibration lines. This sug­
gests the possibility that the assigned
values may themselves be in error.

C. Relation between Results for
Raw and Vulcanized Samples. Figure
7 is a plot of the measurements on the
vulcanized samples vs. the correspond­
ing measurements on the raw samples.
The straight line shown in this figure
was obtained by assuming equal
precision for the abscissa and the
ordinate. The equation of the line is

Y
"

= 0.135 + 0.9747 Yn

Figure 7. Comparison of
results for vulcanized and raw
copolymers

The values plotted are the ordinates
of Figures 5 and 6. The least-square
equation for the solid line is:

Yv = 0.135 + 0.9747 Yn
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The standard deviation of scatter about
the line is

s = 0.0066

This value, converted to per cent pro­
pylene units, yields:

Std. dev. =

0.0066
0.022 = 0.30 mole % propylene

This estimate is in agreement with the
values 0.43 and 0.39 mole % pro­
pylene derived from the precision of the
data. This result lends quantitative
support to the misumption that the
assigned values for the propylene con·­
centrati.ons may be in error.

DISCUSSION

The pyrolysis products collected from
the copolymers were mainly liquids and
amounted to about 40% of the polymer
content of the original sample. How­
ever, the polyethylene homopolymer
gave a wax solid. The crystalline
nature of this pyrolyzate undoubtedly
is a major reason for the deviation of R
for this sample from the curve obtained
using the 'copolymers and polypro­
pylene. Consequently, the poly­
ethylene R value was not included in
calculating the line shown in Figure 5.

The vulcanilied samples were
pyrolyzed without extractions. Pre­
liminary studies showed no detectable
differences between extracted and non­
extracted vulcanized samples used in
this study. However, in the procedure
recommended by Harms (9), extraction
:is i'uggested for finished commercial
samples that may contain volatile
plasticizers and/or organic 'fillers which
could yield interfering pyrolysis prod­
ucts.

The random sequence of the analysis
within each set ensures that possible
drift in the instruments or other causes
of gradual or periodic shifts will not
introduce systematic errors in the
calibration of the procedure. The
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agreement of the two calibration curves
is demonstrated in Figure 7 where the
average values of 10glO(l00 R) for the
raw polymers are plotted against those
for the vulcanized polymers. The lower
point on the left represents the polymer
containing 100 mole % propylene, and
the highest point on the right represents
the polymer containing 10 mole %
propylene. Each of the points falls very
nearly on the least-squares straight line
because now the assigned concentration
uncertainty is avoided. That this line
is less than 45° (approximately 44°) is
probably due to the vulcanization ef­
fectively reducing the availability of
propylene units to form vinylidene prod­
ucts. Since the cross-links (1, 13) on
vulcanization are presumed to occur
principally at the tertiary hydrogens in
the propylene units, the available pro­
pylene concentration would be reduced
to a small extent. The deviation is
greater at the end representing 100%
propylene.

This method is applicable for deter­
mining propylene concentration in co­
polymers that vary over an extremely
broad range. To our best knowledge it
is the first analytical method that has
been suggested for determining pro­
pylene concentrations in vulcanized co­
polymers. The method should be of
special usefulness in the analysis of
finished materials. Although it is rec­
ommended that one should first estab­
lish a calibration curve, the equations
and method presented here could be
used to give fairly accurate estimates of
propylene concentrations with double­
beam infrared instruments. The for­
mula for calculating the mole % pro­
pylene is

%C3 = K - a loglO(100 R)

where K = 125.6 and a = 45.52 for the
raw samples, and K = 132.0 and a =
46.73 for the vulcanized samples cured
by a recipe similar to the one given in
Table 1.
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Flame Photometric Microdetermination of Boron In
Organoboron Compounds

TAMOTSU YOSHIZAKI

5hionog; Research Laboratory, 5/;;onogi & Co., Ltd., Fukushima-ku, Osaka, Japan

Table I. Results by Method of Standard Addition for Boron
Boron Av.-

No. of Boron found, % theory, theory,
Compound results Max. Min. Av. % %

Phenylboronic anhydride 5 10.89 10.31 10.64 10.41 0.23
B-Trimethyl-N-trimethyl-

borazine 2 21.02 21.02 21.02 19.70 1. 32
B-Trimethyl-N-tripheny1-

borazine 9 10.23 9.67 9.91 9.25 0.66
B-Triethyl-N-triphenyl-

borazine 10 8.32 8.00 815 8.26 -0.11
B-Tributyl-N-triphenyl-

borazine 3 7.10 6.95 7.03 6.80 0.23

In boric acid solutions containing 300 p.p.m. of
boron

Figure 1. Effect of aniline hydro­
chloride on boron emission

EXPERIMENTAL

Apparatus and Instrument Settings.
Boron emission was measured with a
Type EPU-2A spectrophotometer

the case for some borazine derivatives
but not for others, although discrepan­
cies were decreased by adoption of the
method of standard addition. Table
I presents the results on a number of
compounds.

A probable explanation for these dis­
crepancies is that boron emission de­
pends upon the' species of atoms or
groups attached to the boron atom in
the sample solution. If this is true,
the use of an oxidizing reagent such as
nitric acid may lead to a better agree­
ment, because boron in a sample is
gradually converted to boric acid, which
is identical to the standard substance.
In the experiments with oxidizing acid,
a set of values was given as the func­
tion of oxidation time for each sample
examined. Satisfactory results were
obtained after a period of oxidation,
the length of which depended upon
the species of sample. The procedure
was then revised to meet these require­
ments-i.e., complete digestion.

In preparing the sample solutions, a
constant amount of methanol was added
to increase the intensity of the boron
emission (3); methanol is very suitable
for this purpose because it is highly mis­
cible with water. Buell (2) has rec­
ommended cleaner's naphtha and
4-methyl-2-pentanone for this purpose,
but as these are insoluble in water they
are unsuited for the present investiga­
tion. Methanol seems to play an im­
portant role also in avoiding the deposi­
tion of solid phase during or after the
oxidation by dissolving the oxidation
products.

70 . ----l'-,-_--I'__-::-:-'=--
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was attributed to the effect of amines
formed from nitrogen in the compounds,
as similar effects of enhancement due to
inorganic ions have been reported by
Dean and Thompson (3).

The mode of interaction between
boron emission and amine content was
examined with aqueous solutions of
boric acid and aniline hydrochloride.
In this case, the emission increased
continuously but not proportionally
with the increment of amine concentra­
tion (Figure 1), whereas the C-I curve
for a fixed concentration of amine was
strikingly linear up to 500 p.p.m. of
boron. If this relation between boron
emission and amine concentration holds
for decomposition products of boron­
nitrogen compounds, it apparently in­
dicates that the method of standard
addition gives good results. This was

~ The flame spectrophotometric
method was applied for determination
of boron in organoboron compounds to
eliminate the ambiguities which are
inevitable in determination by other
methods. During this investigation, it
was observed that boron emission
depends upon not only boron content
but also the molecular structure or
composition of the sample solution.
This necessitated the complete de­
composition of various boron com­
pounds to boric acid-i.e., the standard
substance. The flame spectrophoto­
metric method is characterized by hav­
ing no ambiguities in determinations and
is composed of three steps-decom­
position of weighed samples, prepara­
tions of standard-added solution and
dilute sample solution, and measure­
ment with a flame spectrophotometer.
A micro amount of sample (0.5 to 1
mg. as boron) is sufficient for analysis,
while the relative error is within 1%
of the theory.

M ANY analytical methods have
been reported for determining

boron in organoboron compounds by
a technique in which boron is oxidized
to boric acid, converted into mannito­
boric acid, and titrated as usual. But
there remain problems to be solved­
for example, danger that a part of the
sample may be lost by incomplete diges­
tion or volatilization and troublesome
titration in the presence of amine formed
during the wet oxidation of compounds
containing nitrogen. The purpose of
this investigation is to extend the flame
photometric method to the determina­
tion of boron in organoboron compounds
containing nitrogen and to standardize
a universal technique which is inde­
pendent of nitrogen content and in­
volves no ambiguities such as starting
and end points of titration.

The concentration-intensity (C-I)
curve for boron in boric acid was de­
scribed as strictly linear up to at least
300 p.p.m. of boron (3), and the present
author confirmed the linearity up to 500
p.p.m. at 519.5 mil. When the C-I
curve for boric acid was used to convert
the flame spectrometer readings into
boron concentrations in sample solutions
or into boron contents in samples, boron
values .were too high for most boron­
nitrogen compounds, even when ana­
lyzed after complete digestion. This
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Table II. Results for Boron by Recommended Method
Re-

covery Oxidation
Boron, % Found - % of time (80 0 C.),

Compound Found Theory theory theory hours
Phenylboronic anhydride 10.45 0.04 100.4 6

10.21 10.41 -0.20 98.1 5
Trimethylaminoboron trichloride 6.08 -0.06 99.0 2

6.27 6.14 0.13 102.1 3
Triethylaminoboron trichloride 4.85 -0.10 98.0 2

4.83 4.95 -0.12 97.6 3
fI-TrimethyI-N-trimethyJborazine 19.45 -0.25 98.7 2

20.06 19.70 0.36 101.8 2
B-TrimethykiV-triphenylborazine 9.30 0.05 100.5 2

9.34 9.25 0.09 101.0 2
E-Triethyl-N-triphenylborazine 8.05 -0.21 97.5 2

8.16 8.26 -0.10 98.8 2
B-TriethyJ-N-tris(p-chloropheny1)- 6.40 -0.14 97.9 4.5

borazine 6.54 6.54 0.00 100.0 4.5
B-TributyI-N-triphenylborazine 6.89 0.09 101.3 2

6.77 6.80 -0.03 99.6 2
B-TriphenyI-N-triphenylborazine 6.21 0.17 102.8- 0.7 (130 0 C.)

6.07 6.04 0.03 100.5- 4 (80 0 C.)
B-Triphenyl-N-tris(p-N ,N-dimethyl- 4.78 -0.09 98.2 3.5

aminophenyI)borazine 4.78 4.87 -0.09 98.2 4.5
B-Tris(p-N,N-dimethylaminophenyl)- 4.75 -0.12 97.5 3.5

N-triphenylborazine 4.75 4.87 -0.12 97.5 4.5

Decomposition time, hr.
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DISCUSSION

Two examples of the dependence of
emission on decomposition time are
given in Figures 2 and 3, where ap­
parent. boron contents in the solid
samples are plotted against decomposi­
tion time. In this experiment, nitric
acid was employed as the oxidizing
reagent, and the digestion was carried
out in a water bath kept at 80° ± 3° e.
Satisfactory results were obtained after
a period of oxidation, the length of which
depended upon the species of the sample.
These preliminary observations led
to the above-mentioned recommended
procedure.

Most of the samples involved in this
investigation could be satisfactorily
analyzed by this procedure, but oc­
casionally slight modifications were
needed, as described below. When a
sample is difficultly soluble in both ace­
tone-acid mixture and 17N HNOa
at 80° C., it is heated with nitric acid
(without acetone) in a sealed ampoule
to an elevated temperature-e.g.,
130° C.-until all the solid disappears.
Then the ampoule is transferred to the
water bath at 80° e. to assure complete
decomposition.

In a few cases, a rapid depression of
emission intensity was observed during
the period of measurement, because of
vaporization of organic solvent, but
this trouble is removed by the use of
triethylene glycol dimethyl ethel' or
preferably pure water in place of vola­
tile solvent-i.e., methanol or acetone-­
in preparation of the sample solutions.

The use of hard glass ampoules is
preferable, to avoid an explosion due to
the elevated pressure in the ampoule
during or after the decomposition.
Care must be taken to minimize the
loss of solution attached to the cutoff
tip of the ampoule on opening. It is

4.0 L
I
--'-2..............-=.3-.......~4~-'-~5;--'--;::6

Decomposition time, hr.

Figure 3. Boron emission of B-tri­
methyl-N-tris(p-N,N-dimethyl'amino­
phenyl) borazine as function of decom­
position time

Upper and lower dotted lines represent tenta­
tively permitted limits of error (±2% of theory)

where Z is the dilution factor-i.e., 2/5
in this case.

RESULTS

Table II lists the results of determina­
tions of boron in a number of organa­
boron compounds by this procedure.

Isa - Is
C = 500 X Z X Is _ 10 (p.p.m.)

Recommended Procedure. A sam­
ple containing 0.5 to 1 mg. of boron
is weighed into a 4-mI. ampoule, and
0.5 mI. of acetone is added to dissolve
the sample. Although the deeom­
position rate is expected to increase
with the solubility in acetone, it is not
necessary to dissolve the sample com­
pletely. For the sample which is solu­
ble in 17N HNOa aqueous solution, the
addition of acetone is not necessary.
After 1 mI. of 17N HNOa aqueous
solution is added, the ampoule is sealed
and kept in a water bath at 80° e. for a
time estimated to be sufficient for com­
plete decomposition, by analogy or by
appropriate preliminary work.

After cooling, the ampoule is opened
and the content is made up to 2.5 ml.
with methanol to give solution 1. Two
solutions are then prepared by mL-...:ing
2 ml. of methanol and 1 ml. of I in each
of two 5-ml. measuring flasks. To one
flask, 2 ml. of standard solution of boric
acid containing 500 p.p.m. of boron and
pure water are added to make 5 ml. of
solution II. To the other flask is
added pure water to make 5 mI. of
solution III. A blank solution (IV)
is prepared in the same manner as the
sample solution. The emissions of
solutions II, III, and IV are measured
at 519.5 miL on a spectrophotometer to
give the readings of Isa, Is, and 10,
respectively, in the following equation,
which gives the boron concentration, C,
in sample solution III.

0.OB5 to 0.045
1.25
0.20

Slit, mill.
Oxygen, kg.jsq. em.
Hydrogen, kg.jsq. em.

6.oL_.~.~.....
o I 2 .3 4 5

Sample. Samples used in this in­
vestigation were synthesized in our
laboratory and shown to be of good
purity by their physical properties
as well as by the determination of
earbOll, hydrogen, and nitrogen.

ce
"lD 8.0­c
f
"C>
C>
oC 70

~ I 0.0

Figure 2. Boron emission of g··tri­
methyl-N-triphenylborazine as func­
tion of decomposition time

with a Type H-2 flame attaehment
(Hitachi, Ltd., Tokyo), employing
oxvgen-hydrogen fuel.

The spectrophotometer was adjusted
for 300 p.p.m. of boron solution to give a
net reading of 80 to 90 in full soale of 110
at 519.5 mJL. Flame height, mirror
position, and fuel pressure were adjusted
in the usual way (1, 5) to obtain maxi­
mum emission.

Upper and lower dotted lines represent lenta­
tively permitted limits of error (±2% of theory)
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desirable to duplicate the determination
at different periods of decomposition
time to ensure complete decomposi­
tion.

Advantages of Method. A small
amount of sample containing 0.5 to
1 mg. of boron suffices for analysis­
less than in the titrimetric method.
The ambiguities in the determination,
such as the choice of pH range in the
titrimetric method, have been elimi~
nated by converting boron into boric
acid, which is identical to the standard
substance, so that no calibration is
needed against any interfering effect.

In the gravimetric determination of
carbon and nitrogen in organoboron
compounds low values occasionally were
obtained (.~, 6), probably because of
the formation of boron carbide, boron
nitride, or both, in the course of com­
bustion. If boron is determined simul­
taneously, the value must also be low,
because of incomplete digestion. The

present method of analysis does not
have such handicaps.

While slight modifications are needed
in the procedure for preparing sample
solutions for a few compounds, the
general principle that boron is converted
to boric acid is not altered, and naturally
the method is applicable to compounds
which do not contain nitrogen. T,he
analysis is somewhat time-consuming,
because of the comparatively long period
for decomposing treatment, but that
time can be utilized for other work.
The time of manual operation is less
than 1 hour for one run.

To exhibit the accuracy and precision
of the method, recoveries (per cent of
required) are listed in Table II. The
mean error is 0.6 (per cent of required)
and the relative standard deviation is
0.67% with 22 results in Table II. Thus
the method gives satisfactory values
for ordinary demands. If a larger
amount of sample is available, a higher

precision can be obtained by using two
or more additions of the standard boron
solution.
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Spectrophotometric Determination of Nitrogen In
Total Micro-Kjeldahl Digests

Application of Phenol-Hypochlorite Reaction to Microgram Amounts
of Ammonia in Total Digest of Biological Material

LEWIS T. MANN, JR.

Laboratory of Chemical Pathology, Department of Pathology, Harvard Medical School, Boston IS, Mass.

~ Modifications of published methods
have permitted the direct estimation
of ammonia in total micro-Kjeldahl
digests by means of formation of
"phenol-indophenol" from ammonia
and phenol in the presence of base,
sodium hypochlorite, and sodium ferri­
nitrosopentacyanide ("nitroprusside").
In the reported procedure, 1 to 15 JoLg.
of nitrogen (as ammonia) can be
determined. The absorptivity of the
colored solutions ranges from 1.1 to
1.4 X 103 cm.-I./gram (e = ca.
15-20 X 103) at 630 mJoL. Absorp­
tivity is constant with NHa concentra­
tion from 0.1 JoLg.fml. to 1.5 JoLg.fml.
Once formed, colored solutions in this
range obey the Beer-Lambert law,
and those solutions, too dark for direct
spectrophotometric observation, may
be diluted to 2 to 5 volumes with an
appropriate buffer without loss of
linearity.

ALTHOUGH there are reports in the
literature of the titrimetric or

colorimetric determination of nitrogen
as ammonia in total micro-Kjeldahl

digests (3, 8, 9), each method has pre­
sented some particular difficulty when
we have attempted to apply it to bio­
logical materials. The problems are
principally those of available sample
size and a wide variability of nitrogen
content. In addition, we required a
rapid method (24 hours or less) which
did not involve the use of ultramicro
equipment and techniques.

Several recent reports (2, 4-6, 11, 14,
17,19) have been published in which the
formation of "phenol-indophenol" from
phenol and ammonia under basic
oxidizing conditions has been used to
determine ammoniacal nitrogen. The
test is extraordinarily sensitive, so that
under optimal conditions, amounts of
nitrogen (as ammonia) in the microgram
range should be determinable. Lubo­
chinsky and Zalta (11) described
uniquely a system in which the total
Kjeldahl digests could be used in this
colorimetric procedure. Because we
experienced difficulty in repeating this
procedure on our Kjeldahl digests, we
undertook a more detailed investigation
of the color reaction, under the condi­
tions with which we had to contend,

namely, the. use of a mercuric ion
catalyzed Kjeldahl digest, which was
adapted from Ogg (13) and Steyermark
(18).

EXPERIMENTAt

Apparatus. A square aluminum
block, 8 inches on a side, about 2.5
inches thick, was drilled with 36
evenly spaced holes 3/4 inch in diam­
eter, and 2, inches deep. To the under­
side of the block was fastened aIOOO­
watt heating element (Calrod) which
was controlled by a variable trans­
former. Heat loss was cut by sur­
rounding the block with glass wool. A
flat pan, filled with washed sand, placed
atop a hot plate can also be used, but
with less convenience.

Reagents. All water was either
distilled or passed over a sulfonic acid
ion exchange column.

Zinc dust, low N, finely divided,
impalpable powder. Coarser grades
(60- to 200-mesh) were not satisfactory.

Sodium Phenolate Reagent. Phenol
was distilled from aluminum turnings
(7) and stored (tightly stoppered) in a
refrigerator. Phenol (6.0 grams, 0.059
mole), was placed in a 100-ml. volu-
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Table L Absorptivity of Final Solution as Functions of Ferrinitrosopentacyanide
Concentration and Time

Development temp. = 40° C.

Absorptivity at stated time (expressed/fJ.g./ml.) minutes
10 20 30 60 90 135

0.092 0.139 0.146 0.143 0.142 0.141
0.1020.1370.1390.1380.1380.136
0.1100.1350.1350.1350.1340.133

metric flask. To it was added about
50 ml. of ice cold water, followed by
trisodium phosphate (3.8 grams, 0.01
mole) and sodium hydroxide (2.\1 grams,
0.073 mole). The mixture was made
up to 100 m!. with water.

Procedure. All standards, 5amples,
and blanks were prepared in triplicate
where possible. To ensure parallel
treatment of all samples, a single
batch of water must be used through­
out for washing and dilutions. All
glassware must be base rins,ed before
use.

Samples of homogenates and tissue
fractions derived from biological ma­
terial and, if possible, estin:lated to
contain from 1.0 to 10 fJ.g. of nitrogen
(0.07 to 0.7 micromole) were pipetted
or weighed into heavy walled "ignition"
tubes (I8 X 150 mm.). Digestion
solution (J8) (0.50 ml.) was pipetted
into each tube, and an alundum or
carborundum boiling chip (acid and base
washed) was added to each tube.
Appropriate reagent blanks and stand­
ards were prepared. The tubes were
heated to 120 0 C. in a sand bath or
block (as described) until UlOSt of the
water waE. driven off. The temperature
was then brought as rapidly as possible
to 345 0 to 350 0 C., and maintained for
1 hour, after which the tubes were
removed to a rack to cool. If necessary,
additional concentrated sulfuric acid
(0.05-ml. volumes) was added with
additional heating to complete the
digestion.

To each tube was added 1 ml. of
water, which was brought to a brief
boil over a low flame to wash down the
inner walls of the tube. When each
tube had again cooled, zinc dust (about
25 to 50 mg.) was added on the tip of a
tapered spatula. Immedilttely after
the addition of zinc, each tube was
vigorously mixed ("snapped") to break
up the "coagulated" mass of zinc dust.
Each tube was again heated over a low
flame and the contents were boiled
vigorously for 20 to 40 seeonds. The
tubes were allowed to stand at room
temperature overnight.

The tubes were then cooled and
maintained in a cold water (30 to 50 C.),
0.01% aqueous phenolphthalein (0.1
m!.) was added to each tube, the
contents of which were :mbsequently
titrated to a permanent pink with
approximately OAN sodium hydroxide
(3.5 to 4.5 mI.). The volume of
titrant for each tube waEl noted, and
sufficient water was added to bring the
contents of each tube to 6.0 m!.

Into each tube (still in the cold water

Ferrinitrosopentacyanide
concentration

4.2 X 10-4111' (1- 8000)
5.6 X 10-4111' (1 - 6000)
8.4 X 10-4111 (1 - 4000)

bath) was pipetted sodium phenolate
reagent (1.0 m!.), followed by thorough
mixing of the contents of each tube.
The pipetting of an aqueous solution
of sodium ferrinitrosopentacyanide (4.2
X 1O-4M, 1.0 ml.) was also followed
by thorough mixing. The final reagent,
aqueous sodium hypochlorite solution
(0.015M, 2.0 m!.), was added in a like
manner. The tubes, closed with stop­
pers, were placed in a covered 40 0 C.
water bath for 30 minutes and were
subsequently cooled for about 5 minutes
in a cold tap water bath. The precipi­
tates of zinc hydroxide were sedimented
by brief centrifugation. The absorb­
ances of the solutions were determined
at a wavelength of 630 mfJ. against a
distilled water blank, and the amounts
of nitrogen in the unknowns are deter­
mined from a calibration curve in the
usual way.

RESULTS AND DISCUSSION

Digestion Procedure. Although we
did not study the digestion procedure
extensively, we did observe low results
when either copper or selenium dioxide
was used as the catalyst. The rela­
tive efficiencies of selenium and mer­
cury have been investigated exten­
sively by Baker (1), Steyermark (18),
and Ogg (13), and they have observed
the loss of ammonia when selenium was
used.

For convenience, we prepared a
digestion solution containing sulfuric
acid, potassium sulfate, and mercuric
sulfate (added as mercuric oxide) and
have added in a single aliquot the
reagents added separately by Steyer­
mark (18). As would be expected,
failure to remove the mercuric ion after
digestion reduced the absorptivity after
color development of the final mixture
almost to zero. Neither sodium thio­
sulfate nor sodium borohydride was as
effective in removal of the catalyst as
zinc dust, judged by a decreased
absorptivity of the final mixture.
(Sodium thiosulfate was used as directed
by Steyermark (18) ; sodium boro­
hydride was added to the cool diluted
digest as 0.1 ml. of 0.4% aqueous
solution.)

Because zinc ion is precipitated by
base, we investigated its possible inter­
ference in the final step of the analytical
procedure. Surprisingly, the only dif­
ficulty we observed was a result of the

effectiveness of zinc ion as a buffer
between pH 8 and 9. The indeterminate
amount of zinc which enters solution as
a result of reaction with the digestion
solution required use of an indicator
which will permit titration beyond the
buffering range of zinc ion but which will
not absorb light significantly at 630
mfJ.. Phenolphthalein and Nile blue A
are both effective. The latter, changing
from blue to pink, has a somewhat
higher pK and, therefore, will allow
neutralization to proceed somewhat
further than phenolphthalein. Both
have been used successfully.

We have not been fully successful so
far in decreasing the time required for
the removal of mercury. Since mercury
metal is attacked by hot 2N sulfuric
acid (the approximate concentration of
the diluted digests), we have added
sufficient sodium acetate (1M) to
neutralize the sulfuric acid before
adding zinc. Although the ab­
sorptivities of the solution are fairly
constant, they are significantly lower
than those of solutions which have been
allowed to react overnight with zinc.

Color Development. To study the
phenol-hypochlorite-ammonia color
step by itself, we omitted the digestion
step and used 0, 2, 5, and 10 fJ.g. of
nitrogen (as ammonium sulfate) to
cover a reasonable range of nitrogen
concentration. To the standard am­
monium sulfate in 7 ml. of aqueous
solution was added an appropriate
dilution of the reagent under study in
1.0 m!. Except where the other order
of reagent addition was purposely
changed, the reagents were always
added in the order of phenol, ferri­
nitrosopentacyanide, and hypochlorite.
Except when time was the variable, the
colors which developed in 60 minutes
were estimated at 630 mfJ.. According
to Musso and Beecken (12), phenolindo­
phenol in methanolic potassium hy­
droxide shows four absorption peaks,
the largest of which lies at 635 to 640
mfJ. (e = 39.8 X 103). We have found
a very similar maximum (630 to 635
mfJ.) in aqueous base. (We could not
verify the other maxima with our
preparation because of interferences by
ferrinitrosopentacyanide ion and the
large excess of phenol.)

When the phenol concentration was
varied between 0.54211 and 1.81VI, the ab­
sorptivity remained constant, but it de­
creased at concentrations below 0.54M.
The latter figure is equivalent to 5
grams of phenol in 100 m!. of reagent,
as described by Lubochinsky and Zalta
(11); since it is close to the lower limit
giving maximal absorptivity, we have
increased the concentration to 6 grams
per 100 m!. An increase of concentra­
tion to 2.7M (25 grams/lOO ml.) [Russell
(1.5)] decreased the absorptivity. Hypo­
chlorite was derived from reagent
sodium hypochlorite or Clorox, deter­
mined to be 0.754 and 0.777M, respec­
tively, by iodometric titration. Maxi­
mal absorptivity was observed in a
concentration range in the reaction
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Table V. Estimation of Reliability of Recommended Method

A. Repetitive Determination for Statistical Reliability

B. 95% Confidence Limits for Recommended Method

Calcd. from "95% Confidence
""g. N Taken absorbance, ""g. range," ""g.a

0.210
0.588
0.872
0.920
1.04
1.06
1.00

4.7-5.3
4.4-4.8
9.0-9.4

1.06 4.6 ""g. N

1. 67 9. 1 ""g. N
1.14 5.3""g.N

0.064
0.171
0.254
0.232
0.269
0.276
0.269

10.2
10.6
10.8
11.2
11.4
11.6
11. 95

""g. N X 630 m"" absorbance
taken (vs. H2O) Mean

0 0.540, 0.529, 0.495 0.519
1.0 0.612, 0.610, 0.620 0.614
2.0 0.690,0.730,0.710 0.710
5.0 1.10, 1.11, 1.10 1.10

10.0 1.77,1.78,1.76 1. 77
15.0 2.37, 2.32, 2.30 2.33

Table II. Absorptivity as Function of
pH

Observed absorbance, avo
pH 0 ,ug. 5 ""g.

Table III. Calibration Curve of Nitro­
gen (as Ammonium Ion) Using Recom­

mended Method

Absorptivity, calculated by a method of
least squares: 0.124/""g./ml.

Apparent zero: 0.48.

since quick chilling to 0° to 3° C. inter­
fered with maximal color development.

Linearity of absorbance with ni­
trogen (as ammonia) concentration.

Absorbance (1 em.)

o
Ref. standard

4.6
9.2

1.08, 1.05, 1.05, 1.05, 1.05

1.68,1.69,1.66,1.71,1.60
1. 15, 1. 17, 1. 10

Table IV. Recovery of Nitrogen Using Recommended Method

Calcd. from
data in

Mean Table III""g. N taken

o
5.0
4.3
9.3

a Student "T" distribution = 2.57 at 0.95 for 5 d.f.;x ± to•05 X.

be noted: (a) when the reactants are
warmed to temperatures higher than
20° C.-i.e., low room temperature­
before sodium hypochlorite is added, the
results are usually erratic, increasing
with increasing ambient temperature;
(b) whether or not the reactants were
precooled to 0 0 to 10° C. during initial
mixing, both the rate of color formation
and the absorptivity are apparently
dependent on the temperature of the
reacting mixtures; and (c) the stability
of the color seems to be dependent on
the prior treatment of the reaction
mixture. Careful precooling followed
by color development at a temperature
of 30° to 50° C. seems to enhance the
stability of the color. Heating the
reactants to temperatures greater than
40° C. leads to greater absorbances but
decreased stability. Riley (14) has
made a similar observation using
manganous ion as the catalyst. He
decreased the reaction temperature
called for by Russell (15) from 100° to
70° C. and increased the total time of
heating from 10 to 45 minutes. The
absorptivity was lower (than at 100° C.)
but the stability of the colored product
was greater. We noted an anomalous
effect at heating to temperatures of
70° C. and greater. This was the fading
of the color at high temperatures and its
gradual reappearance as the solutions
were cooled to room temperature.
However, the rate of color reappearance
seemed to be temperature controlled,

4.3 ""g. N as RGG (Sample A)
5 ,ug. N as NH4 + and 4.3 ""g. N

as RGG (Sample A)
5.2 ,ug. N as RGG (Sample B)

Number Absorbance
of range, Absorbance Variance,

""g. N taken replicates (Xmin - Xm,x) Av., x (Xi - X)'/(n - 1)

0 6 0.340-0.422 0.378 9.28 X 10-4

5.0 ""g. N as NH.+ 6 1.00-1.13 1.06 13.1 X 10-4

4.3 ""g. N as RGG 6 0.990-1.04 1.01 4.17 X 10-4

5.0 ""g. N as NH4 + +
4.3 ""g. N as RGG 6 1. 52-1. 71 1.63 4.06 X 10-4

mixture of 0.002 to 0.004M. A com­
parison of Clorox with reagent sodium
hypochlorite showed the two to be
completely interchangeable.

Varying the concentration of sodium
ferrinitropentacyanide in the reaction
mixture produced three effects. At the
higher concentration (16.8 X 10-5111)
the absorbance (and therefore presum­
ably the amount of "phenolindophenol")
was smaller than at lower concentra­
tion (4.2 X 10-5111). However, the
final color was stable for longer time
periods at high concentrations than at
low, and the final absorptivity was more
rapidly attained at the higher concen­
trations (Table I).

The effect of varying pH (sodium
hydroxide concentration) was observed
by preparing a phenolate reagent
omitting sodium hydroxide (but adding
trisodium phosphate). One milliliter
was added to each of the standard
amounts of nitrogen (as ammonium
ion), contained in 1.0 ml. Varying
amounts of 0.2N sodium hydroxide
were added to the series of tubes;
prior to addition of the final two rea­
gents, the volumes of the mixtures were
adjusted to 8.0 ml. with water. The
results are shown in Table II. There
was a definite maximum at pH 11.4 to
11.6. The absorptivity decreased
slowly as the pH was increased beyond
11.9. The pH was measured with a
type E-2 glass electrode, for which the
sodium ion correction was negligible
«0.03).

Optimal Reaction Conditions. Us­
ing the optimal reagent concentrations
as described above, we have studied
the effect of various other factors on
the absorptivity. Variation in salt
concentration does not appear to have
any significant effect on absorptivity.
Neither the addition of 0 to 0.3M
potassium sulfate to the final color
producing step, nor the addition of
chloride or bromide ion (both 0.01111)
has a significant effect on the reaction.

The reaction mixtures were prepared
on the desk top under ordinary room
fluorescent light. The absorptivities of
the developed colored solutions after
one hour in the dark, one hour on the
desk top, and one hour within 5 em. of
two 20-watt daylight fluorescent tubes,
were respectively 0.146, 0.133, and
0.135,ug./ml.

Ferrinitrosopentacyanide and pheno­
late could be interchanged in order of
addition with no observed change in
absorptivity of the final solution.
However, if hypochlorite was added
either first or second, the absorptivity
was greatly decreased. A delay of 30
minutes after addition of ferrinitroso­
pentacyanide before addition of hypo­
chlorite had no effect on the final
absorptivities. The ferrinitrosopen­
tacyanide solution, itself, was stable at
least for 1 hour.

Temperature effects were complex,
and an extensive study was beyond the
scope of this paper. These effects can
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Reproducibility and Accuracy of
the Complete Procedure. Ammonium
sulfate (ACS, reagent grade) was
redried to constant weight and used
as the reference standard. Disodium
dihydrogen ethylene diaminetetra­
acetate dihydrate (EDTA), 2-amino­
2 - hydroxymethyl- 1, 3 - propandiol
("Tris") (recrystallized from aqueous
ethanol), and a sample of purified
rabbit gamma globulin (RGG) were
used as "unknowns."

In Table III are presented values
obtained with the reference standard.
In Table IV are data for RGG run con­
currently with the reference standard of
Table III. An estimate of the reliability
of this procedure may be derived from
the data in Table V. In Table VI are
listed values for "Tris" and "EDTA"
determined by this procedure.

Bohnstedt (2) has also investigated
extensively the effect of variation of
reagent concentrations and reaction
conditions, especially the influence of
reaction rate on the final color. While
his conditions did not attain the sen­
sitivity of the procedure described in
this paper, his data show reagent con­
centration dependence and concentra­
tion optima much as do ours. The
actual values do not correspond because
we have worked at different levels of
absolute concentrations. However, de­
spite the differences, the absorptivities
of the final solutions remain remarkably
constant and thus adherence to the
Beer-Lambert law is not greatly af­
fected by small variations in reagents
or heating temperatures within a run.

While the mechanism of the reaction
remains to be elucidated, there are re­
ports that a number of metals capable of
existing in at least two oxidation states
can successfully catalyze the reaction.
These include the following ions: man­
ganous (2, 8, 14, 15), argentous (16),
ferrous (4), cuprous (16), and fer­
rinitrosopentacyanide (J 1) . We have
compared the relative efficiencies in our
system only of ferrinitrosopentacyanide
and manganous ion and have found the
former far more efficient. In his report,
Weller found the same effect (19).
A recent report by Crowther and Large
(5) mentions acetone as being as ef­
fectivea catalyst as manganous ion.
We have found that, using their con­
ditions, ferrinitrosopentacyanide further
increases the absorptivity over that
produced by acetone alone.

It is of interest to note that the use of
oxidants other than sodium hypo­
cWorite has been reported. Kaplin
and Datsko (10) report the use of
sodium hypobromite and Bolleter et al.
(..1) report the use of saturated chlorine
water under slightly acid conditions
(in half saturated boric acid and 0.8%
phenol). In a qualitative study of
indophenol formation, Soloway and
Santoro (16) have used a large series of

4.5
9.6

5
10

Taken

5
10

5 + 5 p.g.
N as NH.+

"Tris"

EDTA

Compound

The calibration curve is linear between
about 0.05 to 1.5 p.g. N/m!. of reactant.
Below 0.05 p.g., the slope increases to
about twice that in the useful range.
Above 1 ,ug. N/m1., the absorbance is too
great (about 1.6) for direct observation.
The reaction mixture was diluted by 1/2
to l/Swith a diluent prepared by dilu­
tion of phenolate reagent (1 volume of
reagent plus 9 volume~ of water).
Fifteen micrograms of nitrogen in 10
m!. can be diluted with this solution 1
to 10 without loss of linearity. Hence
the Beer-Lambert laIV is obeyed in this
range. Above 1.5 ,ug./ml. the absorp­
tivity decreased to another constant
value. In the presence of acetone but
absence of ferricyanide, Crowther and
LUl'ge (5) observed that the Beer­
Lambert law was obeyed in the range of
0.16 to 3.2 p.g./ml.

The variability of the blank absorb­
ance when read against water is
evident in Tables II, III, and V. Even
with the greatest precautions, ammonia
or volatile amines cannot be totally
excluded from a laboratory in which
microanalysis is but one of several
functions. The "absolute" blank ab­
sorbance under the best possible con­
ditions seems to be of the order of 0.2.
rnder conditions in which such a blank
is observed, adherence to Beer's law is
limited to a range between absorbances
of 0.3 to about 2.3-i.e., the absorbances
of amounts of nitrogen smaller than 0.1
.ug./m!. deviate from Beer's law and the
apparent blank has too Iowan absorb­
ance. However, when "background"
nitrogen increases the blank absorbance
to 0.3 or higher, this deviation from
Beer's law disappears. The blank
\'alues given in Table III are extreme
examples.

The absorptivity within any series of
determinations has been constant.
However, it has varied from as low as
1.1/JLg./ml./cm. to as high as 1.5/,ug./
ml./cm. (e = J.5.4 to 19.6 X 103).

Weller (19) reports a slightly higher
value (e = 20.3 X 103) than the maxi­
mum value we have observed.

The color fades with time, but
relatively slowly for the first 30 to 60
minutes. Overnight the color fades to a
stable value, perhaps 10 to 15% below
the maximum.

Table VI. Analytical Values for Two
Representative Compound~

. Found
(av. of 3)

4.7
9.5
9.7
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Sensitive New Methods for Autocatalytic
Spectrophotometric Determination of
Nitrite through Free-Radical Chromogens

EUGENE SAWICKI, T. W. STANLEY, JOHN PFAFF, and HENRY JOHNSON

Division of Air Pollution, Robert A. Taft Sanitary Engineering Center, Cincinnati 26, Ohio

~ Many of the methods presented
here are more sensitive than any
described in the literature. A molar
absorptivity of 1,270,000 can be ob­
tained in the l-methyl-2-quinolone
azine procedure, while in most other
procedures molar absorptivities av­
erage over 200,000. The following
reagents are compared: l-methyl-2
quinolone azine, 3-methyl-2-benzo­
thiazolinone azine, glyoxal bis(N,N­
diphenylhydrazone), 3-methyl-2-ben­
zothiazolinone picrylhydrazone, pheno­
thiazine, N,N,N',N'-tetramethyl-4,4'­
diaminostilbene, N,N' - diphenyl­
p - phenylenediamine, N,N,N',N'­
tetra methylbenzid ine, N,N,N',N'-tetra­
methyl - p - phenylenediamine, and
N,N,N' - trimethyl - p - phenylene­
diamine. The syntheses of some of
the reagents are given. Evidence is
presented that free radicals are ob­
tained in all the procedures. The
advantages and disadvantages of the
methods are discussed. Recommenda­
tions are given for application of some
of the procedures to the analysis of
solutions containing dyes, large amounts
of sulfite, or minute amounts of nitrite.

AVERY large number of methods are
available for the determination

of nitrite ion and its precursors (14.).
In more recent work 52 spectrophoto­
metric methods for the determination of
nitrite ion have been critically compared
(15). In this paper some new methods,
which are more sensitive than any
available in the literature, are intro­
duced and their advantages and dis­
advantages are discussed.

EXPERIMENTAt

Reagents and Apparatus. Tri-
phenylamine, 2 - chlorophenothiazine,
and N,N,N',N'-tetramethylbenzidine
were obtained from Aldrich Chemical
Co., Milwaukee 10, Wis. The latter
two compounds and phenoxazine (K
and K Laboratories, .Jamaica 33,
N. Y.) were crystallized from ethyl­
cyclohexane to a constant melting
point. Phenothiazine (Laboratory Serv­
ices, Inc., Cincinnati 9, Ohio) was crys­
tallized from heptane-ethylcyclohexane
to a constant melting point of 183-84° C.

N,N,N' - Trimethyl - p - phenylenedi­
amine dihvdrochloride and the
N,N,N',N'-tetramethyl analog were
obtained from Distillation Products,
Rochester 3, N. Y, and K and K Lab­
oratories, respectively. Both com­
pounds were crystallized once out of
methanol. N,N'-Diphenyl-p-phenyl­
enediamine was obtained . from the
United States Rubber Co., Naugatuck,
Conn. Colorless crystals were obtained
after two crystallizations from ethyl­
cyclohexane.

Phenoselenazine (2), m.p. 193-9.4° C.,
and 4,4'-bis(dimethylamino)stilbene
(16, 17), m.p. 253-54° C., cor., were
prepared by literature procedures.

Preparation of I-Methyl-2-quino­
lone Azine. Add 2.0 ml. (0.04 mole)
of 98% hydrazine hydrate to 100 m!.
of a warm aqueous solution of 7.62
grams (0.02 mole) of 2-iodo-l-methyl­
quinolinium methosulfate. [This salt
was prepared by warming equivalent
amounts of 2-iodoquinoline (Distillation
Products) and methyl sulfate at about
80° C. until the liquid sohdified (-30
minutes).] Stir for approximately 1
hour. Filter the red-brown precipitate
and crystallize from ethylcyclohexane­
benzene (2 to 1). The yield is 11/4grams
(40%) of glistening red plates, m.p.
257-58° C. cor. Lit. m.p. 257°-58° C.
(3).

Preparation of 3-Methyl-2-benzo­
thiazolinone Azine. Add 2.75 ml.
(0.054 mole) of 98% hydrazine hy­
drate slowly to a hot stirred solution
of 36.7 grams (0.1 mole) of 3-methyl­
2-methylthiobenzothiazolium p-toluene­
sulfonate (13) in 60 m!. of water. Boil
the mixture for apprO}dmately 5 min­
utes. Add 28% ammonium hydroxide
until the mixture becomes alkaline and
then allow the precipitated material to
coo!. Filter, wash with water, and then
crystallize from dimethylformamide.
For additional product, add water to the
boiling dimethylformamide solution till
definite turbidity is obtained. Total
yield is 8.6 grams (53%) of pale yellow
plates, m.p. 260° C. cor. Lit. m.p.
230° C. (11).

Calculated for CUJII4N4S2 : C, 58.9;
H,4.30; N, 17.2; S, 19.6. Found: C,
58.9; H,4.37; N, 17.1; S,19.6. .

Preparation of 3-Methyl-2-benzo­
thiazolinone Picrylhydrazone. Add
a solution of 8.4 grams (0.034 mole)
of picryl chloride in 95% ethanol to
50 m!. of a hot aqueous solution of
6.45 grams (0.03 mole) of 3-methyl-2­
benzothiazolinone hydrazone hydro-

chloride. Stir the mixture 30 minutes.
Crystallize the precipitate from xylene.
Eight and eight-tenths grams (75%
yield) of glistening black needles, m.p.
216-18° cor., is obtained.

Calculated for C14H ION 60 6S: C, 43.1;
H,2.56; N, 21.5; S,8.21. Found: C,
43.3; H, 2.74; N, 21.3; S,8.30.

Preparation of Glyoxal Bis-(l,l­
diphenylhydrazone). Add 2 m!. (0.01
mole) of 30% aqueous glyoxal to a
hot stirred solution of 4.44 grams (0.02
mole) of 1,1-diphenylhydrazine hydro-.
chloride in 25 m!. of 95% ethano!.
During addition keep temperature be­
low 65° C. Extract the collected pre­
cipitate with hot 2-methoxyethanol,
add charcoal, and filter hot. Add ex­
cess water to the filtrate. Refilter and
wash residue with aqueous 2-methoxy­
ethanol (1 to 1). Crystallization from
heptane-ethylcyclohexane (1 to 1) gives
2 grams (51% yield) of colorless needles,
m.p. 202-03° C. cor. Lit. m.p. 207° C.
(19).

Detection of Nitrite. To 9 drops
of reagent solution on a spot plate
add 1 drop of aqueous test solution.
In the presence of nitrite the follow­
ing reagents give a blue color: N,N'­
diphenyl-p-phenylenediamine (0.1% in
acetic acid containing 20% perchloric
acid), 3-methyl-2-benzothiazolinone
azine (0.01% in acetic acid containing
10% propionic acid), and N,N,N',N'­
tetramethyl-p-phenylenediamine dihy­
drochloride (0.1% in acetic acid). With
3-methyl-2-benzothiazolinone 1-methyl­
2-quinolone azine a purple color is ob­
tained after a 5-minute standing period.
The detection limit for nitrite with the
first-named compound was 0.02 }Jog.; with
the other reagents it was 0.009 }Jog. Re­
action of a drop of reagent solution with
a drop of test solution on filter paper in­
creased detection limits by about a factor
of 10. The blanks were all colorless.

I-Methyl-2-quinolone Azine Pro­
cedures. PROCEDURE A. Dilute 1
m!. of aqueous test solution to 10
m!. with an acetic acid solution
containing 0.1% azine. Read at ex­
actly 1 hour atAmax 520 mIL (Figure 1).

Alternatively, 1 hour after the reagent
solution had been added, add 1 m!. of
0.1% sulfamic acid (w./v.) in acetic acid
containing 25% water (v./v.). The color
intensity is stable for at least 1 hour.
Read absorbance at Amax 520 mJ.l within
this time.

PROCEDURE B. Add 5 m!. of an aque­
ous O.IN sodium hydroxide test solution
to 5 m!. of 0.1% reagent in acetic acid,
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R= Me ,Me + R' = Me,Me

R=Me,Me + R'=Me,H

R=ep,H + R'=ep,H

Me2~-o-(CH=CH)7]-D-NMe2

7]=0
7) =IX=o,S or Se

Figure 2. Postulated chromogen structures
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Figure 1. l-Methyl-2-quinolone azine Procedure A

Change in absorbance at Am." 520 mJ.L with time after mixing of
reagent and test solution

---- 0.23 J.Lg. NO" 48-ho"r study
- - - - 0.69 J.Lg. NO" 8-hour study
.•.•.. 0.345 J.Lg. NO,. 6·hour study

In 60 minutes read absorbance at >'IT.ax
520 mJ.L. The spectrophotometric con­
stanta obtained in the determination of
nitrite with different reagents are eom­
pared in Table I.

N,N,N',N' - Tetramethyl - 4,4'­
diaminostilbene. Dilute 1 m!. of
aqueous test solution to 10 m!. with
a reagent solution containing 0.05%
of the stilbene derivative and 20%

of 70% aqueous perchloric acid (v./v.)
in glacial acetic acid. Read absorb­
ance 65 minutes later at the wave­
length maximum.

Phenothiazine. Dilute 1 m!. of
aqueous test solution to 10 m!. with
0.1 % phenothiazine in distilled glacial
acetic acid. Read absorbance exactly
1 hour later at Amax 518 mu. Phenoxa­
zine, 2-chlorophenothiazine, and pheno­
selenazine can be substituted for pheno­
thiazine.

N,N' - Diphenyl - p - phenylene­
diamine. PROCEDURE A. Dilute 1
m!. of aqueous test solution to 10 m!.

Table I. Compo rison of Spectrophotometric Methods for Determination of Nitrite
Range Proc.

Amax, (A = 0.1 to 2.0), ReI. DiI. Determ. tiII?-e,
Reagent mJ.L f X 10-4 std. dey. factora Sensitivityb limit,c J.Lg. mill.

1-Methyl-2-quinolone azine
520 33-127A 4.6 10 33-127 0.14 62

B 520 38-76 2.0 2 190-380 0.12 62
N,N,N',N'-Tetramethyl-4,4'-

38-72diaminostilbene 514 6.4 10 38-72 0.12 67
Phenoselenazine 517 18-47 5.1 10 18-47 0.26 62
N,N'-Diphenyl-p-phenylenediamine

9.2-46A 720 11 10 9.2-46 0.50 62
B 705 ~15-51 6.3 2 77-255 ~0.3 62

N,N,N '.,lI·· .-Tetramethyl-p-phenylene-
diamine
A 614 10-20 5.4 10 10-20 0.45 32
B 614 15-38 7.6 10 15-38 0.30 32
C 612 8.1~16 7.0 1.11 73-144 0.30 22

3-Methyl-2-benzothiazolinoIll' azine 735 13-52 6.5 10 13-52 0.35 62
Glyoxal bis(N,N-diphenylhydrazone) 540 10--37 5.5 10 10--37 0.44 7

1152 7.1-36 6.7 10 7.1-36 0.65 7
Phenothiazine

A 518 8.4-39 9.5 10 8.4-39 0.55 62

3-Methyl-2-benzothiazolinone
7.7-32picrylhydrazone 406 4.5 10 7.7-32 0.60 32

N,N,N',N'-Tetramethylbenzidine
473 4.9-20 3.7 10 0.94 2A 4.9-20

A 1018 4.9-20 11 10 4.9-20 0.94 2
B 472 7.2-10 3.0 2 36-50 0.64 2

N ,N,N'-Trimethyl-p-phenylene-
diamine
A 578 0.98-1. 7 2.7 10 0.98-1.7 4.7 2
B 578 0.77-1.4 4.7 1.11 7-12.7 6.0 2
a Essentially final volume/test solution volume.

b Sens. = d'l f ?< l?-==- .
1 utlOnactor

C Total microgram" of nitrite ion in test solution giving absorbance of 0.1 in I-em. cell.
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Table II. Spectral Evidence for Free-Radical Structure of Chromogens Obtained
in Some of the Procedures

A mnx, mj.< (relative intensity or A)

a (7).
b Also weaker band at 406 mj.< and inflection at 500 m!'.
e S = shoulder.
d (4, 10). Concn. 1O-4M.
• Weak shoulder.
f In H 20 1O-4M N02 - (1).
o Procedure with 25% water in reagent solution, 4 X 10-6111 N02 '·.

h In EPA at 70° K. (7).
; (18).
; In EPA at 70° K. (5).
k In acetic acid 1O-4M (8).
I lO-'M N02 -.

530 (0.64)b

440 (1.33)
465 (0.94)
483 (1.11)
502 (1.48)
518 (2.00)
432 (1. 3)
487s (1. 2)e
517 (2.45)
500s (0.84)'

537 (1.46)
577 (1.52)
525s (0.86)0
565 (1.20)
614(1.20)
425s
438
459
473
800s
895

1018
386 (0.48)1
720 (0.27)

chloride in glacial acetic acid. Read ab­
sorbance immediately at Amax 578 mM.

MECHANISMS

The structures of the different types
of chromogens are shown in Figure 2.

The absorption spectra of the phe­
noxazine, phenothiazine, and pheno­
selenazine semiquinone radicals have
been reported (9). These free radicals
were obtained by oxidation of the parent
compound with bromine in 80% acetic
acid. The absorption spectra were
measured with a hand spectroscope.
The absorption spectra obtained in the
present work in the determination of
nitrite with phenoxazine, phenothiazine,
and phenoselenazine were closely similar
to those reported by the Michaelis
group (Table II). Other oxidizing
agents gave similar spectral bands but
with very much weaker intensities.
Even in the attempted preparation of
3H-3-phenothiazone from the reaction
between phenothiazine and ferric chlo­
ride at room temperature, the absorp­
tion spectrum of the solution was that
of the free radical. When this solution
was boiled, the absorption spectrum of
3H-phenothiazin-3-one was obtained.

Lit. Present work

522-532 (strong)a
432-440 (strong)a
454-460 (very weak)
472-478 (weak)
492-498 (strong)
510-516 (very strong)
428-438 (strong)a
476-486 (very weak)
505-525 (very strong)
500s (~O. 70)d

536 (1. 27)
580 (1. 29)
525s (~0.8)f

565 (1. 25)
614(1.25)

450 h 472;
790~
900;

1010;

390 (2 5)k
710 (1. 37)

\
\

\
\520
.~

\.

CO'N-N'(O
Me Me

520
538

2.0

Phenoselenazine

Semiquinone

Phenoxazine
Phenothiazine

N,N,N' -Trimethyl-p-phenylene­
diamine

N,N,N',N I.Tetramethyl-p­
phenylenediamine

N,N,N',N'-Tetramethylbenzidine

N,N'-Diphenyl-p-phenylenediamine

Figure 3. I-Methyl-2-quinolone azine

Procedure A --- 0.69 j.<g. NOz
- - - - -1 mi. of aqueous soiution of 460 j.<g.

NOzdiluted to 10 mi. with acetic acid
solution of 10-4 reagent. Run im­
mediately

.•.••• 5 X 10-6 M reagent in ethylcyclohexane
or 2-methoxyethanol

with a reagent solution containing
0.05% of the diamine and 20% of
70% aqueous perchloric acid (v./v.)
in glacial acetic acid. Read absorbance
60 minutes later at Amnx 386 or 720 mM.

PROCEDURE B. To 5 m!. of aqueous
O.IN sodium hydroxide test solution add
5 m!. of an acetic acid solution contain­
ing 0.05% of the diamine (w';v.) and
20% of 70% aqueous perchloric acid
(v';v.). Read absorbance 60 minutes
later at Amax 705 mM.

N,N,N',N' - Tetramethyl - p­
phenylenediamine. PROCEDURE A.
Dilute 1 m!. of aqueous test solution
to 10 m!. with a solution containing
0.1 % of the diamine dihydrochloride
in glacial acetic acid. Read absorbance
30 minutes later at Amax 614 mM. The
color intensity is stable for at least 60
minutes.

PROCEDURE B. Use the same proce­
dure with a reagent solution containing
o1% of N,N,N',N'-tetramethyl-p­
phenylenediamine dihydrochloride in
glacial acetic acid containing 25% water
(v';v.).

PROCEDURE C. To 9 m!. of an
aqueous O.IN sodium hydroxide solu­
tion add 1 m!. of an acetic acid solution
containing 0.2% reagent and 10% con­
centrated hydrochloric acid (v';v.).
Read absorbance 20 minutes later at
Amnx 612 mM.

3 - Methyl - 2 - benzothiazolinone
Azine. Dilute 1 m!. of aqueous test
solution to 10 m!. with a glacial acetic
acid solution containing 0.1% azine
(w./v.) and 10% propionic acid (v./v.).
Read absorbance exactly 1 hour later
at Amn~ 735 mM·

Glyoxal Bis-N,N-diphenylhydra-
zone. Dilute 1 m!. of aqueous test
solution to 10 m!. with a glacial
acetic acid solution containing 0.01 %
reagent and 10% of aqueous 70%
perchloric acid. Allow solution to
stand 5 minutes; read absorbance at 540
mM·

3 - Methyl - 2 - benzothiazolinone
Picrylhydrazone. Dilute 1 m!. of
aqueous test solution to 10 m!. with
a glacial acetic acid solution contain­
ing 0.01 % reagent (w./v.) and 20%
of 70% aqueous perchloric acid (v';v.).
Allow the solution to stand 30 minutes,
then read the absorbance at Amnx 405
mM·

N,N,N',N' - Tetramethylbenzidine.
PROCEDURE A. Dilute 1 m!. of the
aqueous test solution to 10 m!. with
a glacial acetic acid solution contain~

ingO.l % of the benzidine derivative.
Read absorbance at 473 or 1018 mM im­
mediately.

PROCEDURE B. Add 5 ml. of an ace­
tic acid solution containing 1% of the
benzidine derivative to 5 m!. of an aque­
ous O.IN sodium hydroxide test solution.
Read immediately at 472 or 1018 mM.

N,N,N' - Trimethyl - p - phenyl­
enediamine. PROCEDURE A. Dilute
1 m!. of aqueous test solution to 10
m!. with 0.2% N,N,N'-trimethyl-p­
phenylenediamine in acetic acid. Read
absorbance immediately at Amnx 578
mM.

PROCEDURE B. To 9 m!. of aqueous
test solution add 1m!. of 0.2% N,N,N'­
trimethyl-p-phenylenediamine dihydro-
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"",mJ.L

Me. N--0-0-NMe.
459

Figure 5. N,N,N',N'-Tetramethylbenzidine
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Procedure A --- 4.6 Jlg. NOz
-- - - Dilute 1 ml. of aqueous solution containing 460 p.g. NOzto 10 mi.

with 10-4M acetic acid solution of reagent
.•••.• 5 X 10 -'M reagent in 2-methoxyethanol (in acetic acid, AWDX 313

mJl, E = 12,000)
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Figure 4. 3-Methyl-2-ben;wthiazolinone azine

1.5

1.0

0.5

A

Procedure for nitdte determination --- 0.92 p.g. NOz, Amax 388
mJl,A = 2.45

- - - - To 1 ml. of aqueous 1% sodium nitrite add 8 mi. of 2 X 10 -'M
reagent ;n acetic acid followed by 0.5 mi. of 70% aqueous
perchlorit: acid. Read immediolf,ly

•....• 4 X 1O"sM reagent in 2-methoxyethanol or acetic acid

Relatively weaker bands were found at
approximately 600, 660, and 750 mJ.l
in the absorption spectra obtained in
the determination of nitrite with pheno­
thiazine. Illumination of a solution of
phenothiazine in EPA at 900 K. gives a
spectrum containing the 532-mJ.l band
of the semiquinone and faint bands at
606 and 654 mJ.l (6). The bands around
400 to 518 mJ.l are apparently derived
from the neutral free radieal. The
origin of the weak longwavelength bands
is uncertain.

In the references given in Table II
evidence has been presented for the
free-radical structure of the partially
oxidized products (usually obtained
by means of bromine or photo-oxida­
tion) of phenoxazine, phenoselenazine,
N,N,N' - trimethyl - p - phenyl­
enediamine, N,N,N',N'··tetramethyl­
p-phenylenediamine, N,N,N',N'-tetra­
methylbenzidine, and N,N'-diphenyl­
p-phenylenediamine. The reported ab­
sorption spectra closely match the
spectra obtained when the same reagents
are used for the determination of nitrite
(Table II).

It is postulated that the remainder
of the reagents also form free radicals
in the procedures for the determination
of nitrite. In all cases small amounts
of various types of inorganic oxidizing
agents gave exactly the same spectrum
as obtained with nitrite:.

Further evidence for the structure
of the chromogens can be deduced from
the reaction of five of the reagents
with excess nitrite (or bromine) to
give an entirely different type of spec­
trum, which is believed to be derived
from dicationic quinonic dyes. For
example, under the:se conditions 1­
methyl-2-quinolone azine, N,N,N',N'-

tetramethyl-p-phenylenediamine, 3-
methyl-2-benzothiazolinone azine,
N,N,N',N'-tetramethylbenzidine, and
N,N'-diphenyl-p-phenylenediamine give
bands at 402 (Figure 3), 340, 510, and
825 (Figure 4), 464 (Figure 5), and 510
mJ.l, respectively. Titration of these
solutions with aqueous sodium bisul­
fite brings back the spectrum of the
free radical.

The absorption spectra of the free
radicals, many of which are reported
for the first time, are very distinctive
and reproducible.

With N,N,N',N'-tetramethyl-4,4'-di­
aminostilbene two types of free-radical
spectra are obtained. In acetic-per­
chloric acid solution a red color,
Amax 514 mJ.l, is obtained, for which the
structure

'-~,
Me2N~_-CH=CH-

« )-NHMe2

is postulated. This dicationic structure
is consistent with the spectra of the
reagent in a neutral and acidic solvent
(Figure 6). The latter shows a violet
shift due to salt formation. In acetic­
propionic acid the reaction between
nitrite and reagent is characterized by
the presence of an initial red color for
about 20 seconds, then a blue color
(main Amax 600 mJ.l) for about 20 seconds,
followed by decolorization, and then
the slow development of a dark green
color, Amax 447 and 715 mJ.l. The latter
bands are probably derived from the
free radical,

Me2N-~-CH=CH­
+ "'=/-- « )-NMe2

for when enough perchloric acid is
added to form a 20% solution, a red
color, Amax 514 mJ.l, is formed with an
absorption spectrum closely similar
to that of the dicationic free radical.

The phenoxazine and phenoselenazine
free-radical spectra obtained in· the
determination of nitrite resemble that
of the phenothiazine free radical (Table
II).

The distinctive absorption spectrum
of the free radical obtained in the deter­
mination of nitrite with glyoxyal bis­
(l,l-diphenylhydrazone) is shown in
Figure 7. Although the reagent does
form a salt in acetic acid-percWoric
acid solution (see Figure 7), the free
radical is postulated as mainly the
simple monocation. The absorption
spectra indicate the complexity of
this problem, in that the relative in­
tensities of the two bands in the near­
infrared region approach unity with a
decreasing concentration of nitrite.

The absorption spectrum of 3-methyl­
2-benzothiazolinone picrylhydrazone
in xylene (Amax 430 mJ.l) or acetic acid
(A",ax 425 mJ.l) closely resembles that of
picramide in xylene (Amax 415 mJ.l). In
acetic acid containing 20% perchloric
acid (Amax 255, 295 mJ.l) the absorption
spectrum is drastically changed, in­
dicating salt formation. Consequently
the spectrum obtained in the nitrite
determination (Amax 406 mJ.l) is probably
that of the free-radical cation.

In the determination of nitrite with
any of the reagents the formation of the
free radical is autocatalytic, as shown
by the extremely high molar absorptivi­
ties obtained in the procedures. With
the type of reagent containing an NH
group the mechanism is postulated as
taking the course shown in Figure 8.
With the other reagents the mechanism
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Figure 6. N,N,N',N'-Tetramethyl-4,4,'-diaminostil­
bene
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Recommended procedure --- 2.3 ).Ig. NO;
_. _. - 2.8 X 10 -sM reagent in acetic acid containing
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Figure 7. Glyoxal bis(N,N-diphenylhydrazone)
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Recommended procedure --- 0.92 ).Ig. NO;
Dilute 1 mi. of aqueous solution of 46 ).Ig. of
NO; to 10 ml. with acetic acid solution con­
taining 0.5% reagent and 20% propionic acid
{v/v.l

- . - . - 1.88 X 10 -sM reagent in acetic acid containing
20% of 70% aqueous perchloric acid lv./v.l

.•..•• 5 X 1O-sM reagent in dioxane

is similar except for the absence of the
N-nitroso derivative.

EFFECT OF VARIABLES

I-Methyl-2-quinolone Azine. Un­
less otherwise stated, the following
discussion applies to Procedure A.
The optimum intensity was obtained
with 0.02 to 1% reagent. With 0.1 %
reagent a better blank and slightly
lower intensities were obtained as
compared to the 1% reagent. Since
the absorbance increased over a fairly
long period of time (Figure 1), 1 hour
was chosen as a convenient time to
make a reading. Figure 1 shows that
the sensitivity could be doubled by
choosing a longer standing period. If
there is a necessity to stabilize the color
intensity, sulfamic acid can be added
to the solution 1 to 2 hours after mixing
(Figure 9).

As in almost all the procedures de­
scribed in this paper, the slope of the
calibration curve decreased with lower
concentrations of nitrite. This effect
was more drastic in Procedure A. In
Procedure B there was a straight­
line relation from 0.1 to 1.3 p.g. of nitrite.
In Figure 3 the absorption spectra of
this newly described stable free radical,
the starting reagent, and the more
completely oxidized quinonic structure
are compared.

Nitrates, aldehydes, ketones, alcohols,
and hydrocarbons gave negative re­
sults. Inorganic oxidizing agents, such

as periodate, iodate, permanganate, and
chromate, gave positive results in
Procedures A and B. An attempt to
collect ozone in O.IN sodium hydroxide
solution and then analyze by Procedure
B gave negative results.

The presence of very large amounts of
sulfite interfered with the determination
of nitrite. The interference of sulfite
was augmented with an increase of
water in the final analyzed mixture.
In Procedure B, the presence of 50 parts
of sulfite to 1 of nitrite decolorized the
mixture.

The spectrophotometric constants for
all procedures are reported in Table 1.

N,N,N',N' - Tetramethyl - 4,4'.
diaminostilbene. Optimum in­
tensities were obtained with 0.025 to
0.07% reagent and 20% perchloric
acid in the reagent solution. This
solution was stable for at least 20
hours. When distilled acetic acid
was used to make up the reagent
solution, turbidity was found occa­
sionally in the final red solution.
Addition of about 1% water to the
reagent solution prevented the forma­
tion of this turbidity. Once reagent
and test solutions were mixed, approxi­
mately 60 to 70 minutes were necessary
for the development of maximum in­
tensity. After the solution had stood
for 24 hours, all peaks between 400 and
800 mp' had disappeared. The concen­
tration-absorbance curve resembled that
obtained in the other procedures. The

absorption spectra of the reagent and
the two types of derived free radicals
are shown in Figure 6. In Figure 6 an
alternative procedure is· given for the
determination of nitrite. This method
was not explored further.

Exposures of about 10 to 60 minutes
to instrumental light at the wavelength
maximum accelerated the increase in
intensity.

Nitrates, aldehydes, ketones, alcohols,
and hydrocarbons gave negative re­
sults. Inorganic oxidizing agents gave
positive results.

In the presence of sulfite at 400 to 1
(sulfite-to-nitrite ratio), nitrite was
determined with no loss in intensity
(Figure 10).

Phenothiazine. These procedures
were standardized with phenothiazine.
The percentage of reagent was not
critical in the range of 0.05 to 0.8%.
A maximum color intensity was
reached at 60 to approximately 105
minutes. The slope of the calibra­
tion curve decreased with lower con­
centrations of nitrite for both the
phenothiazine and phenoselenazine
methods.

With phenoxazine as the reagent the
maximum intensity was reached in
10 minutes; 2.3 p.g. of nitrite ion gave a
molar absorptivity of 128,000 at Am • x

530 mp.. With 2-chlorophenothiazine
as the reagent the maximum intensity
was reached at 30 to 40 minutes; 2.3
p.g. of nitrite ion gave a molar ab­
sorptivity of 168,000 at Amax 525 mp..

Negative results were obtained with
sodium nitrate, formaldehyde, potas­
sium iodide, sodium chlorate, and mag­
nesium perchlorate. Ozone gave at
most a very weak reaction.

In proportions of at least 2000 to 1,
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results. Most inorganic oxidizing
agents gave positive results. At 800 to
1, sulfite did not interfere with the deter­
mination (Figure 10).

PROCEDURE B. At least 20% of 70%
aqueous perchloric acid was required
to keep the reagent in solution during
the analysis. The highest attainable
concentration of reagent was 0.05%.
With lower concentrations of reagent,

TIME ,HOURS

1-Methyl-2-quinolone azine Procedure A

1.0

2,0

3.0

A

.••••• N,N'-Diphenyl-p-phenylenediamine Procedure A at 720 mj1.
· ._ .. - Procedure 8 at 705 m,u
--- 3-Methyl-2-benzothiazolinone picrylhydrazone procedure at Amax

406 m,u
• - -- N,N,N',N'-Tetramethylbenzidine Procedure A at Amox 473 m,u
f'::" - -- N,N,N',N'-Tetramelhylbenzidine Procedure A at Am • x 1018 mj1.
·-' - Procedure B at Amox 472 m,u

Change-in absorbance with time after mixing in deter­
mination of 0.46 ,ug. NO, at Amax 520 m,u
--- 1 mi. of 0.1% sulfamic acid in 25% aqueous

acetic acid (25 mi. of acetic acid diluted to 100
ml. with water! added at:

Minutes afler mixing
A. 0 D. 60
B. 15 E. 120
C. 30

Figure 9.

probably derived from the quino~ic

compound.
Nitrates, perchlorates, phenols, al­

cohols, and hydrocarbon gave negative

,u9 SO;:- per ',u9 NO,

Effect of sulflteon determination of nitrite
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Figure 10.

0.92 .ug. NO,. N,N,N',N'-Tetramethyl-4,4'-diaminostilbene
procedure, Amsx 514 mp
1.84/'9. NO,. Phenothiazir", procedure A, Amax 518 m,u
1.84 j1.g. NO,. 3-Methyl.. 2-benzothiazolinone azine pro­
cedure, Amax 735 mj1.
0.72 j1.g. NO,. N,N'-Diphenyl-p-phenylenediamine procedure
B, A,,,,"x 705 m,u;
0.50 j1.g. NO;;. Procedure A, Amax 720 m,u
9.25 ,ug. NO;. Sulfanilic <,cid plus N(I-naphthyl)ethylenedi­
amine procedure (12) Amax 549 m,u

._ .. '- 1.38 ,ug. NO,. 3-Methyl-2-methylbenzothiazolinone picryl­
hydrazone Amax 405 mj1.
2.3 j1.g. NO,. Glyoxal bis-(N,N-diphenylhydrazone), Amax

540 m,u

sulfite had no effect on intensity (Figure
10).

A-,N' - Diphenyl - p - phenylene­
diamine. PROCEDURE A. Optimum
intensit.ies were obtained from 0.01 to
0.1 % reagent, with 0.05% reagent
giving slightly higher intensities. Th,~

color intensity gradually increased
with time and did not reach a maxi.­
mum in 4 hours. In both procedures
the slope of the calibration curve
increased with higher concentrations
of nitrite (Figure 11).. In a pro­
cedure similar to Procedure A, except
that excess nitrite and a much smaller
concentration of reagent are used, a
band was obtained at 510 m,u which is
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lower intensities were obtained. The
reagent solution was stable for at least 8
hours. The blank was colorless to
faint blue. As in Procedure A, the
color intensity increased with time, so
a I-hour standing period was chosen for
the development of color. The con­
centration-absorbance curve is shown
in Figure 11.

Nitrate gave negative results; other
inorganic oxidizing agents gave positive
results. Sulfite had very little effect
(Figure 10); at 2500 to 1 absorbance
decreased from 0.52 to 0.40.

N,N,N',N' - Tetramethyl - p­
phenylenediamine. PROCEDURES A
AND B. Increasing the concentration
of reagent from 0.005 to 0.2% in­
creased the color intensity. Since
0.2% reagent solution gave a light­
bluish blank, 0.1% reagent was
chosen. The reagent solution turned
light blue after 6 hours. As the
amount of distilled water in the reagent
solution was increased (from 0 to 25%),
the intensity increased. With 50% or
greater amounts of distilled water in
the reagent, the blank became blue,
perhaps because of the presence of
minute amounts of ozone in the water.
Once the nitrite and reagent solutions
were mixed, the color intensity increased
rapidly for about 1/2hour and then much
more gradually for the next hour. The
slope of the concentration-absorbance
curves for the two procedures decreased
with lower concentrations of nitrite.
In a procedure similar to A except that
excess nitrite and a much smaller con­
centration of reagent are used, a band
derived from the quinonic compound
wa" obtained at 340 m,u. The reagent
in acetic acid gave no band above 300
m,u.

Nitrate gave negative results; many
other types of inorganic oxidizing agents
gave positive results. At 1000 to 1,
sulfite had no effect on the intensity in
Procedure A.

PROCEDURE C. Optimum intensities
were obtained with 0.2% reagent and 20
minutes' reaction time. Interferences
were the same as for Procedures A and
B, except that sulfite had a much more
drastic effeet: At 60 to 1, the absorb­
ance decreased from 0.75 to 0.08.

3 - Methyl - 2 - benzothiazolinone
Azine. Optimum intensities were ob­
tained with 0.005 to 0.02% reagent.
Ten per cent propionic acid was
necessary to dissolve the reagent. The
order of addition of reagents was im­
portant, since changes in order caused
some differences in intensity. At
temperatures higher than 40° F. the
intensities decreased. The intensity
was also affected by exposure of the
solution over a period of minutes to
instrumental light at the wavelength
maximum. Seven hours after mixing of
the reagent and nitrite test solutions,
the intensity was still on the increase.

The absorbance-concentration curve is
similar to that obtained with the other
reagents. Addition of 1 m!' of 0.1%
sulfamic acid in 25% aqueous acetic
acid at 15, 30, 45, 60, and 120 minutes
after mixing reagent and test solutions
stabilized the intensities for at least
30 minutes.

Common nitrates, iodides, perchlo­
rates, chlorates, aldehydes, ketones,
alcohols, hydrocarbons, and selenium
dioxide gave negative results. Other in­
organic oxidizing agents, especially io­
date and periodate, gave positive results.
The absorption spectra of the reagent,
the free radical obtained in the analyt­
ical procedure, and the fully oxidized
quinone are shown in Figure 4. The
amount of interference of sulfite in the
determination of nitrite is shown in
Figure 10; at 500 to 1, absorbance
dropped from 1.16 to 0.78.

Glyoxal Bis-(N,N-diphenylhydra­
zone). Maximum intensities were ob­
tained with 0.01 % of the hydrazone
and 10 to 20% perchloric acid in the
reagent. The reagent was stable for
1 hour. Maximum intensities were
obtained 2 to 6 minutes after mixing
the reagent and test solutions. The
concentration-absorbance curves ob­
tained with this compound at wave­
lengths 540 and 1152 have slopes
somewhat similar to those of the
other reagents. The absorption spectra
of the reagent, its salt, and the free
radical are shown in Figure 7.

Sodium nitrate, potassium iodide,
cupric chloride, iodine, magnesium per­
chlorate, potassium and ammonium
persulfate, selenium dioxide, sodium
chlorate, acetone, alcohol, and phenol
gave negative results. Oxidizing
agents, such as ferric chloride, potas­
sium permanganate, potassium chro­
mate, potassium ferricyanide, potas­
sium iodate, potassium periodate, and
bromine gave positive results. At
values up to 100 to 1, sulfite did not
interfere with the determination of
nitrite (Figure 10). At 500 to 1, the
absorbance decreased from 1.82 to
1.35.

3 - Methyl - 2 - benzothiazolinone
Picrylhydrazone. Optimum inten­
sities were obtained with 0.01 to
0.05% of the hydrazone and 20% of
70% aqueous perchloric acid in the
reagent solution. A much paler yellow
blank was obtained with 0.01 % rea­
gent. The reagent solution was stable
for at least 24 hours. The color
intensity increased rapidly for the first
30 minutes and then much more slowly
for the next 90 minutes. The slope of
the calibration curve increases with
higher concentrations of nitrite (Figure
11). The reagent has bands at 255
and 295 m,u in acetic acid-perchloric
acid, so it does not interfere with the
determination of nitrite at 406 m,u.

Negative results were obtained with

sodium nitrate, potassium periodate,
potassium iodate, cupric chloride, iodine,
bromine, potassium persulfate, and
magnesium perchlorate. Positive re­
sults were obtained with potassium per­
manganate, potassium chromate, potas­
sium ferricyanide, and ferric chloride.
Up to 200 to 1, the interference from
sulfite was negligible (Figure 10). At
900 to 1, the absorbance dropped to
0.87 from an initial value of 1.48 (no
sulfite) .

N,N,N',N' - Tetramethylbenzidine.
PROCEDURE A. Optimum intensities
were obtained with 0.01 to 0.1%
reagent. With the higher percentage
the color intensity reached a maximum
in 1 to 3 minutes and then faded
much more gradually than with the
lower percentage. The reagent is
stable for about 30 minutes. The
slope of the calibration curve de­
creased with a lower concentration
of nitrite (Figure 11).

Nitrite can also be determined in
highly colored solutions. For example,
it was readily and accurately deter­
mined at Amax 1018 m,u in a dark bluish
green solution containing the dye
N,N,N',N' - tetramethyl - 4,4' - di­
aminoazobenzene.

Negative results were obtained with
sodium nitrate, sodium chlorate, magne­
sium perchlorate, cupric chloride, potas­
sium persulfate (~3000 ,ug.), and ferric
chloride (,...,3500 ,ug.). Positive results
were obtained with potassium chromate,
potassium iodate, potassium perman­
ganate, potassium ferricyanide, and
bromine. At 50 to 1, sulfite did not
interfere in the determination of nitrite;
with much larger amounts of sulfite
there was some interference.

PROCEDURE B. Optimum intensities
were obtained with 1% reagent. The
color intensity was stable for about 5
minutes and then gradually faded.
Exposure to instrumental light at the
wavelength maximum over a period of
minutes accelerated the fading. The
slope of the calibration curve decreased
with a lower concentration of nitrite
(Figure 11). The addition of sulfite
interfered more drastically in this
procedure by decreasing the intensity
and increasing the rate of fading.

N,N,N' - Trimethyl - p - phenyl­
enediamine. PROCEDURE A. Opti­
mum results were obtained with 0.05
to 1% reagent. The color intensity
was stable for about 7 minutes and
then gradually faded. The concen­
tration-absorbance curve was linear
from 4.7 to 50 ,ug. of nitrite; in Pro­
cedure B it was linear from 6 to 50 ,ug., of
nitrite.

COMPARISON OF METHODS

Thus far, the highest molar absorp­
tivity obtained in the determination of
nitrite was with the l-methyl-2-quino­
Jone azine Procedure A; with 0.72 ,ug.
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of nitrite a molar absorptivity of
1,270,000 was obtained. If the reac­
tion were allowed to continue for about
7 hours, the molar absorptivity would be
approximately doubled. Other methods
with molar absorptivities of over
50,000 are the N,N,N',l\"'-tetramethyl­
4,4'-diaminothiobenzophenone (15), 1­
methyl-2-quinolone azine B, N,N,N',N'­
tetramethyl - 4,4' - diaminostilbene,
N,N'-diphenyl-p-phenylenediamine B,
and 3-methyl-2-benzothiazolinone azine
procedures. The autocatalytic methods
have, on the whole, much higher molar
absorptivities than the various nitrosa­
tion methods previously described (15).

The molar absorptivity obtained in a
method can be considered as the poten­
tial sensitivity of a method where the
test solution volume and the final
volume are identical. In most spectn.;,1
methods of analy"is these two volumes
are not equal, however. Therefore the
sensitivity of an analytical method
can be defined as the molar absorptivity
multiplied by the fraction of test solu­
tion volume in the final analyzed
volume. To compare various analy­
tical methods for sensitivity the follow­
ing arbitrary formula can be used:

S ... • X 10-3

ensltlvlty = dilution factor

where the dilution factor is final volume/
test solution volume. For a method in
which Beer's law is complied with, the
sensitivity is the same over the entire
range of determinable concentrations of
analyzed substance. For most of the
methods in this paper the slope of the
calibration curve, as well as the sen­
sitivity, deereases with lower eoncentra­
tions of nitrite. The signal obtained
on the chart-i.e., the absorbance per
equimol9,r amounts of material in a
I-em. cell-is relatively greater at
higher concentrations of material.

Of all the methods in the literature
the I-methyl-2-quinolone azine Pro­
cedure B is the most sensitive. Its
sensitivity ranges from 190 at an ab­
sorbance of 0.10 to 380 at an absorb­
ance of 2.0. The remainder of the
procedures described in this paper range
in sensitivity from 0.98 to 255. In the
previous paper (15) the most sensitive
azo dye method reported for the deter­
mina,tion of nitrite was the p-phenyl­
azoaniline plus I-naphthylamine proce­
dure, with a sensitivity of 31; the most
sensitive diazonium cation method was
the chloro-p-phenylenediamine proce­
dure, with a sensitivity of 31.6. The
new methods with the highest sensi­
tivities reported in that paper are the
N,N,N',N' - tetmrnethyl - 4,4' - di­
aminothiobenzophenone, sensitivity
56, and the azulene, sensitivity 37.5.

The determination limit is essentially
the number of micrograms in the an­
alyzed test solution giving an absorb­
ance of 0.10 in a 1-cm. cell. In the
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previous paper the lowest determination
limit (0.10 J.Lg.) was reported for the
a2'.Ulene procedure. In the work de­
scribed in this paper the phenothiazine
Procedure B gave a determination
limit of 0.07 J.Lg. If all volumes in this
method were decreased to 0.4 of the
original, the determination limit would
drop to 0.028 J.Lg. In a similar fashion
determination limits could be decreased
in any of the other procedures described
in. this paper. Except for the N,N,N'­
tnmethyl - p - phenylenediamine proce­
dures the determination limits for pro­
cedures reported in this paper ranged
from 0.07 to 0.94 J.Lg.; for those in the
previous paper, limits ranged from 0.1
to 66 J.Lg.

Beer's law was complied with in a
very large number of the methods re­
ported in the previous paper; it was
not in any of the free-radical methods
reported here. Noteworthy is the auto­
catalytic method for nitrite using the
N,N,N',N' ~ tetramethyl - 4,4' - di­
aminothiobenzophenone procedure, be­
cause of its straight-line relationship
between concentration and absorbance
over a wide range of absorbance-from
about 0.02 to 12 (15). In the analytical
procedures increasing the amount of
water tended to make the relationship
between concentration and absorbance
more linear.

On the average better precision was
obtained with the nitrosation and di­
azotization type methods described
previously than with the autocatalytic
methods.

All the autocatalytic methods in­
volve simple procedures. About one
third of the methods require a procedure
time of a little over 1 hour; another
third require 22 or 32 minutes, and the
remainder require 2 or 7 minutes.

These latter procedures take such a
short time because the color starts
fading within 5 or 6 minutes. In the
others the color intensity increases
over a more extended period before it
starts fading. With some of the pro­
cedures the addition of sulfamic acid
at an appropriate time stabilizes the
color intensity. In respect to color
stability, many of the azo dye methods
reported in the previous paper (15) had
color stabilities greater than 1 hour.
A few were stable for more than 16
hours.

In most of the autocatalytic methods
the presence of large amounts of sulfite
caused little, if any, interference; in
azo dye methods sulfite and other reduc­
ing agents would be expected to inter­
fere. The presence of a larger percent­
age of water in the autocatalytic meth­
ods increased the interfering effect of
sulfite. Many types of inorganic oxidiz­
ing agents gave the same type of spectra
as obtained with nitrite. This kind of
phenomenon is absent in the azo dye
methods.

RECOMMENDATIONS

The N,N'-diphenyl-p-phenylenedi­
amine Procedure B is recommended for
the determination of nitrogen dioxide
in the presence of large amounts of
sulfur dioxide. This type of method
would be of value in the anal'Isis of
source and atmospheric samples c~ntain­
ing relatively large concentrations of
sulfur dioxide. A few other methods­
e.g., N,N'-diphenyl-p-phenylenediamine
Procedure A and phenothiazine Pro­
cedure A-are even less affected bv
sulfite, but are somewhat less sensitiv"e
to nitrite. These latter procedures are
also less sensitive than the most sen­
sitive azo dye methods.

The I-methyl-2-quinolone azine Pro­
cedure B is recommended for the deter­
mination of 0.1 to 1.3 J.Lg. of nitrite (or
nitrite precursor) in the absence of
inorganic oxidizing agents and high
concentrations of sulfite. The inten­
sity is not affected in the presence of a
ratio of sulfite to nitrite of about 2;
with a ratio of 10 to 1 the intensity is
decreased by one third. By use of
smaller volumes of test and reagent
solutions, 0.04 to 0.52 p.g. of nitrite
could be determined.

The N,N,N',N'-tetramethylbenzidine
procedures are recommended where
a quick, simple procedure is de"ired
for the determination of nitrite in the
absence of inorganic oxidizing agents
and very large amounts of sulfite.
Some less sensitive methods with fairly
short procedural times have been de­
scribed (15) ; these methods are relati\"ely
insensitive to inorganic oxidizing agents
and have much more stable colors.

The N,N,N',N'-tetramethyl-4,4'-
diaminothiobenzophenone procedure
(J 5) is recommended where it is desirable
to have a very large increase in absorb­
ance with a small increase in nitrite
concentration.

Where it is desirable to determine
nitrite in highly colored solutions, the
glyoxal bis(N,N'-diphenylhydrazone)
procedure at Amax 1152 mJ.L and the
N,N,N',N'-tetramethylbenzidine pro­
cedures at Amax 1018 mJ.L are recom­
mended.

By a slight modification of the pro­
cedures, electron paramagnetic reso­
nance spectrometry could be used in the
determination of nitrite, nitrite pre­
cursors, and some of the inorganic
oxidizing agents.

Some of the methods could be modi­
fied for use in the determination of
oxidants. For example, the I-methyl­
2-quinolone azine reagent solution re­
acted strongly with ozone. The reac­
tion of the 3-methyl-2-benzothiazoli­
none azine solution with ozone was
fairly strong also. Further work on the
reaction of the various reagents with
oxidizing agents and with transient
free radicals should prove of value. _.



The relatively stable free radicals
introduced in this paper should prove
of value in other fields of research.
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Direct Quantitative Isolation of Monocarbonyl
Compounds from Fats and Oils
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r>- A quantitative procedure is de­
scribed for the direct isolation of
carbonyl compounds from fats and
oils. Carbonyl compounds in the fat
are converted to their 2,4-dinitro­
phenylhydrazones, subsequently freed
of fat, and fractionated by adsorption
on activated magnesia and partially
deactivated alumina. The fat-free
monocarbonyl fraction is then
separated into classes on magnesia
and the members of each class are
obtained by column partition chroma­
tography and identified by supple­
mentary techniques. The procedure
is ideally suited for small samples of
fat, but can be applied to kilogram
quantities. Advantages and limita­
tions of the method are discussed.

T HIS paper describes a method for
the direct quantitative isolation of

monocarbonyl compounds from fats and
oils. The method was developed in
conjunction with a study on off-flavor
development in stored whole milk
powder.

Carbonyl compounds are usually
isolated from autoxidized fats and
oils by some form of distillation,
although other methods such as ex­
traction of water-soluble derivatives
have been reported (6, 11, 12). Over
95% of the carbonyl compounds occur­
ring in many fats and oils are non­
volatile when the usual methods of
distillation are used (9,10). The nature

1 Present address, Bureau of Program
Planning and Appraisal, Food and Drug
Administration, Department of Health,
Education, and Welfare, Washington 25,
D.C.

2 Present address, Department of Dairy
Science, University of Maryland, College
Park, Md.

and role of these nonvolatile carbonyl
compounds had not been elucidated at
the onset of this work, although it has
been suggested that part of them, at
least, might be involved- in fat oxida­
tion (2).

In the proposed method, distillation
and extraction techniques are cir­
cumvented, and, theoretically, all car­
bonyl compounds capable of forming a
2,4-dinitrophenylhydrazone under the
conditions outlined are isolated lipide­
free, regardless of the amount of starting
material.

EXPERIMENTAL

Materials. Seasorb 43 (activated
magnesia, Fisher Scientific Co., Silver
Spring, Md.) is used as received.
Hexane (Phillips' high purity grade)
and benzene (ACS grade) are rendered
carbonyl-free by the method of Schwartz
and Parks (17). Celite 545 is dried
at 1500 C. for 24 hours. Nitromethane
(Fisher's highest purity) and chloroform
(ACS grade) are used.

Scope of Method. The method for
isolation of the monocarbonyl fraction
from fats and oils may be divided
into six steps: (1) reaction of the
carbonyl compounds in the fat with 2,4­
dinitrophenylhydrazine; (2) adsorption
of the resulting derivatives onto
activated magnesia while eliminating
the bulk of the fat or oil, followed by
desorption of the derivatives; (3)
fractionation of the derivatives on weak
alumina; (4) adsorption of the mono­
carbonyl derivatives on an anion ex­
change resin, if necessary; (5) separation
of the monocarbonyl derivatives into
classes on magnesia; and (6) separation
of the members of each class by liquid­
liquid partition chromatography.

Step 1. Reaction with 2,4-Dinitro­
phenylhydrazine. A column of Celite
impregnated with dinitrophenylhydra­
zine, phosphoric acid, and water (reac­
tion column) is prepared as described by
Schwartz and Parks (17). The column
is flushed with 50 ml. of benzene, fol­
lowed by hexane until a colorless
effluent is obtained. The fat or oil is
dissolved in hexane and passed over the
column.

When the last of the solution has just
entered the column, the sides of the
tube are washed down with hexane and
the washings allowed to enter the
column. Fifteen milliliters of hexane
are added and permitted to drain into
the column by gravity. The column
is then flushed with hexane, using N 2

pressure until the effluent emerges color­
less or has the same absorptivity (at or
near 340 mJL) as the effluent from a
blank column, which should always be
run simultaneously.

The hexane-fat effluent now contains
all of the original lipide, the 2,4-dinitro­
phenylhydrazine derivatives of the
monocarbonyls, semialdehyde, and keto­
glycerides (7, 8), and other classes of
carbonyl compounds whose derivatives
are soluble in the fat-hexane solution, a
small amount ofdinitrophenylhydrazine,
and traces of the decomposition prod­
ucts of dinitrophenylhydrazine. Re­
maining on the column are those car­
bonyls whose derivatives are insoluble
in the fat-hexane solution.

QUANTITATIVE ASPECTS. The quanti­
tative aspects of reaction of carbonyls in
fat with dinitrophenylhydrazine on the
column were thoroughly studied from
two standpoints. First, carbonyl com­
pounds in the form of pure semi­
carbazone or other suitable derivative
were added singly to monocarbonyl-free,
butter oil. Schwartz (15) had shown
that micro amounts of the semicarba-
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Table I. Recovery of Carbonyl Compounds from Butter Oil Solution after 2,4-
Dinitrophenylhydrazine Reaction on Celite Column

Re- Re-

Compound
Amount, covery, Amount, covery,
,umoles % Compound ,umoles %

2-Xonadecanone (as 0.236 103 Tetradeca-2-enal (as 0.236 104
semicarbazone) 2.63 98 semicarbazone) 2.366 103

13.15 99 11.83 99
2-0ctanone (as semi- 2.20 101 2-Ethyl hex-2-enal 0.196 105

ea.rbazone) 11.00 95 (as semicarbazone) 1.962 97
Acetone (as ketal of 2.08 101 Octadeca-2,4-dienal 0.209 96

glycerol) 10.4 100 (as semicarbazone) 2.09 95
0.208 96 6.27 98

Tridecanal (as semi- 0.196 106 Deca-2,4-dienal (as 2.48 93
earbazone) 1.96 103 semicarbazone) 12.2 97

Heptanal (as oxime) 2.38 98
23.8 96

Figure 1. Relationship between fat
concentration and yield of 2,4-dinitro­
phenylhydrazones obtained on reac­
tion column

tion against hexane at 340 mJL and con­
verting the reading to micromoles,
using E = 22,500.

The effluent from Step 1 is carefully
applied to a column of Seasorb 43­
Celite 545 (1 to 1) using 1 gram of
Seasorb 43 for approximately 5 to 10
JLmoles of hydrazone. The column is
prepared in the following manner:
Equal weights of Seasorb 43 and Celite
545 are slurried in an Erlenmeyer flask
with hexane so that all of the material
is suspended. The slurry is then poured
through a long-stemmed funnel into a
chromatographic tube containing a
coarse sintered-glass disk or a plug of
glass wool at the constricted portion of
the tube. The slurry is packed immedi­
ately under moderate air pressure (1 to 3
p.s.i.), leaving about 1 em. of hexane
above the surface of the bed. The
sides of the tube are washed free of solid
before the sample is applied.

The adsorbed hydrazones appear as
a deep purple zone. Nitrogen pressure
can be used to force the fat solution
through the column, so that an un-

After the last of the fat solution has
just entered the bed, the sides of the
tube are carefully washed down with
hexane. The washings are permitted
to drain and a small wad of glass wool
is placed just above the bed. The
column is then washed with hexane
until a 25-ml. aliquot of the effluent
contains less than 25 mg. of lipide.
Elution of the hydrazones is effected
with nitromethane-chloroform (1 to 3),
the effluent being collected just prior to
the breakthrough of the hydrazones.
Elution is continued until a colorless or
very pale effluent is obtained.

The nitromethane-chloroform effluent
now contains all of the monocarbonyls,
semialdehyde, and ketoglycerides and
probably other classes of monohydra­
zones. All dicarbonyl bis(2,4-dinitro­
phenylhydrazones), vicinal and non­
vicinal, which may have been soluble in
the fat-hexane effluent from Step 1
remain on the magnesia. These are
manifested by blue, gray, or violet
bands near or at the top of the column
(see discussion). The column may have
a slight violet tinge covering the area
previously occupied by the hydrazones.
This is due to slight decomposition of
the ketoglyceride fraction. These de­
composition products elute slowly with
nitromethane-chloroform and account
for the slight yellow tinge of the
effluent, even though all of the mono­
carbonyls and ketoglycerides have been
eluted long before.

STABILITY AND QUANTITATIVE
ASPECTS. The stability and quantita­
tive aspects of Steps 2 and 3 were
determined simultaneously on 40 pure
2,4-dinitrophenylhydrazones. Approx­
imately 0.25 JLmole of each hydrazone
was added singly to a 50% solution of
butter oil, olive oil, or corn oil in hexane
or to lard in benzene-hexane and the
solution was put through Steps 2 and 3.
The isolated derivative was then sub­
jected to column partition chromatog­
raphy in the chloroethanol-hexane sys­
tem (Step 6) as described by Corbin,
Schwartz, and Keeney (4). The peak
was then collected and its concentration
determined speetrophotometrically. Re­
coveries are given in Table II.

Step 3. Fractionation of Deriva­
tives on Weak Alumina. The nitro­
methane-chloroform eluate obtained
in Step 2 is evaporated on the steam
bath under a stream of nitrogen until
the odor of nitromethane is absent.
The residue is then dissolved in
hexane and applied to a column of
alumina prepared as described by
Schwartz and Parks (17). The capacity

broken stream of effluent issues from
the tube continuously. No loss of
hydrazones occurs from this treatment
as long as colorless adsorbent can be
seen. If a fat containing pigments is
being investigated, the effluent may
appear yellow but contains no hydra­
zones.
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zone and some other derivatives could
be quantitatively converted to 2,4­
dinitrophenylhydrazones by passing a
methylene chloride-hexane solution of
the derivative over a reaction eolumn.
This technique was used here, but
monocarbonyl-free butter oil in hexane
(25 ml. of It 14.5% solution) was sub­
stituted for hexane and the solution was
run over the column at a flow rate of
46 ml. per hour. The resulting 2,4-di­
nitrophenylhydrazones were then iso­
lated using Steps 2 and 3 and recoveries
determined spectrophotometrically.
Pertinent data are presented in Table I.

Since the results indicated that
quantitative or near-quantitative re­
covery was obtained under a fixed set of
conditions, experiments were eonducted
in order to ascertain whether more
flexible conditions could be Ilsed with­
out impairing the quantitative aspect.
Different levels of a single batch of
badly deteriorated butter oil in 50 ml.
of hexane were put through Steps 1
through 3 and the isolated mono­
carbonyl fraction was determined spec­
trophotometrically. The flow rate of
the solution through the column at
variou8 fat levels and the amounts of
monocarbonyls found are given in
Figure 1. Class separation (Step 5)
of the derivatives showed that all four
classes of monocarbonyls (methyl
ketone8, saturated aldehydes, 2-enals,
and 2,4-dienals) were present in the
butter oil. The near-linearity of the
plot indicates that the reaction is
quantitative over a wide range of fat
concentration. The optimum fat con­
centration to use from the standpoint of
throughput of solution per unit of time
was caJculated to be approximately 20%.

Step 2. Adsorption of Derivatives
on Magnesia. Solvent,; for this and
all subsequent steps need not be car­
bonyl-free.

The coneentration of 2,4-dinitro­
phenylhydrazones in the effluent from
Step 1 is estimated approximately by
measuring the absorbancy of the solu-
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of the large number of fats and oils that
exist in nature, sufficient impurities may
accompany the hydrazones to render
their subsequent .fractionation and iden­
tification difficult, or to complicate
radioactive tracer work or gas chro­
matographic analyses of regenerated
carbonyls. In these cases, the mono­
carbonyl fraction is adsorbed onto an
anion exchanger in the hydroxyl form
precisely as outlined by Schwartz
Johnson, and Parks (16).

Step 5. Separation of Monoca~­

bony} Fraction into Classes. The reSI­
due from Step 3 or Step 4 (if used)
is fractionated into classes, using one
of the procedures described by
Schwartz, Parks, and Keeney (18).
The classes obtained are then estimated
spectrophotometrically, if desired, using
the proper molar extinction coefficient
and maxima.

The authors have found it to their
advantage when analyzing butter oil
to subject the monocarbonyls from
Steps 3 and 4 (if used) to partition
chromatography (Step 6) prior to
running the class separation. Although
this involves an extra step (since one or
more partition chromatograms will be
run following class separation), the
classes are separated more cleanly and
with more confidence. The reason for
this is that butter oil contains a class of
naturally occurring compounds, other
than the four common classes, which
elutes from alumina (Step 3) with the
monocarbonyl fraction. This class of
constituents is relatively nonpolar, mov­
ing with the front on the partition
chromatogram, and thus can be re­
moved easily from the more polar hy­
drazones. The first peak from the
partition chromatogram is collected by
itself and later subjected to class sepa­
ration. The remaining bands on the
partition column are collected, pooled,
and then class separated.

Step 6. Partition Chromatography.
The classes obtained in Step 5 are
subjected to column partition chro~a­

tography by the method of Corbm,

Schwartz and Keeney (.~). The peak
volume gives a good indication. of the
chain length of a compound, whIch can
be confirmed by such procedures as
paper chromatography, cochroma­
tography on partition columns, ultra­
violet spectra, and when enough ~a­

terial can be accumulated, meltmg
point and mixed melting point.

DISCUSSION

The procedures have been successfully
used in this laboratory in the determina­
tion of carbonyl constituents of fats,
oils, extracts of cheese, and whole milk
powders. A number of different classes
of carbonyl-containing compounds have
been revealed. Among them are the
ketoglycerides, a class of compounds
which seem to be present in all fats and
oils in various amounts and which will
be discussed more fully elsewhere (8).
The procedure also indicated early in
its development that butter oil con­
tained aldehydes bound to glycerol in
phosphorus-free, acid-labile compounds;
this has since been verified and the
complex spectra of the aldehydes have
been identified (11, 13). There are
indications of other classes of naturally
occurring carbonyl compounds which
have not yet been fully characterized.

The analysis of a fat or oil (or extract)
by these procedures may not, of course,
reveal the total carbonyl picture. Di­
carbonyls, semialdehydes, unesterified
keto acids, and other classes of com­
pounds usually are present in autoxi­
dized fats. Although procedures for
fractionating these classes have been
developed in this laboratory in con­
junction with the monocarbonyl
analysis, the quantitative aspects of
their isolation remain to be verified.

The use of a column of Celite im­
pregnated with 2,4-dinitrophenylhy­
drazine, acid, and water as a means of
forming 2,4-dinitrophenylhydrazones
greatly facilitated development of the
subsequent steps in the procedure.
The column, which was originally
developed by Begemann and DeJong
(1) and modified by Schwartz and Parks
(17) not only gives quantitative yields
of h~drazones, but also gives an acid­
free solution of the derivatives, thereby
eliminating the need for extraction or
some other manipulation. The column
procedure affords conversion of ex­
tremely low concentrations of carbonyls
into the hydrazones, an achievement
which apparently is difficult when the
reaction is run in true solution (3).
Thus, it was possible to identify the
hydrazones of heptadecanone and octa­
decylaldehyde by paper chromatog­
raphy after 2.4 X 10-3 /Lmole (about
0.8 /Lg.) of the carbonyl had been put
through the reaction column in 50 ml.
of a 4.3% butter oil solution (in hexane)
and the hydrazone subsequently isolated.

It was recognized that direct reaction
of a fat with acidic 2,4-dinitrophenyl-

Recovery,
%

100
96
90
95
97
98

2,4-Dienals

Butter Oil after Steps

Recovery,
%
90
90
94

100
94
95

103
90
96
94

2-Enals

of 2,4-Dinitrophenylhydrazones from
2,3, and 6

Methyl ketones
Recovery,

%
95
98
98

100
95
99
94
94
97

Table II. Recovery

Saturated aldehydes
Recovery,

%
C2 97
C3 94
C4 94
Co 91
C6 93
C7 98
Cs 94
C. 99
C lO 92
C II 90
C12 101
C,3 102
C,4 97
CI6 94
CIS 102

of the alumina for hydrazones varies
somewhat with the nature of the small
amount of constituents eluted with the
hydrazones from the magnesia in Step
2. A good rule to follow is to use 1
gram of alumina for approximately 2 to
3 /Lmoles present.

When the last of the hexane solution
has passed into the column, the sides of
the tube are washed down with a few
milliliters of hexane, and the mono­
carbonyl fraction· is eluted with a
mixture of benzene-hexane (1 to 1).
By using 40 model hydrazones it was
established that any hydrazone in the
four classes studied could be quantita­
tively eluted from 5 grams of alumina
with 50 ml. of a 1 to 1 benzene-hexane
mixture, when present at or below 8
/Lmoles. In practice these conditions
usually hold, but in working with the
carbonyl fraction isolated from a large
volume of fat the ketoglyceride fraction
may move too near the tail end of the
monocarbonyl fraction, so that sharp
fractionation is not realized. When
this happens, it is recommended that
about the first quarter of the keto­
glyceride band be collected with the
monocarbonyl fraction, the solvent
removed, and the residue then re­
chromatographed on another column of
alumina, in which case sharp fraction­
ation of the monocarbonyl band from
the ketoglyceride band is obtained.
Alternatively, the column may be
eluted with a weaker eluting solvent
combination-e.g., benzene-hexane, 1
to 3-until all color is removed below
the ketoglyceride band.

Step 4. Adsorption of Monocar­
bonyl Fraction on Anion Exchanger.
Evaporation of the benzene-hexane
effluent from Step 3 usually leaves
a dry residue or one containing only
a few milligrams of fatty impurities.
This has been our experience with a
number of fats and oils (butter oil,
lard, and safflower, olive, and peanut
oils) and it has not been necessary to
resort to this step. However, in view
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hydrazine might produce carbonyls
from hydroperoxide:" the structure
which would eventually give rise to
them naturally. To check this point,
methyllinoleate hydroperoxide was put
through the procedure. The hydro­
peroxide had a peroxide value of 4025
and an odor suggesting that carbonyls
were present in the original preparation.
It was established that the hydro­
peroxide was altered by passage over the
reaetion column, the effluent being in­
capable of oxidizing acidic KI. Analysis
of the carbonyls obtained from 7.9
,umoles of the hydroperoxide after
passage over the reaction column
indicated: 0.03 ,umole of ketone, 0.53
,umole of saturated aldehyde, 0.04
,umole of 2-enals, and 0.01 ,umole of 2,4­
dienaL To ascertain whether these
carbonyls were present in the original
preparation, the hydroperoxide was
adsorbed from a benzene-hexane solu­
tion onto a column of Dowex 1-X4
(50- to lOO-mesh) in the OH form.
This procedure removed approximately
85% of the hydropero:-,.ide, and the
neutral effluent when analyzed for
carbonyls gave the same data as the
original hydroperoxide. It was, there­
fore, concluded that the original hydro­
peroxide was contaminated with ap­
proximately 7% of. monocarbonyls and
that no monocarbonyls are produced
from methyllinoleate hydroperoxide on
contact of this compound with the
reaction eolumn.

The acidity of the column (pH about
1.5) is sufficient to hydrolytie quantita-

tively and form derivatives of the
aldehydes present in bound form in
plasmalogens and in the phosphorus-free
analog present in butter oil and in some
other lipide (5, 11, 13). The presence of
bound aldehydes in fats and oils can
easily be established by applying the
procedures described here on a fresh
product. Although the presence of the
bound aldehydes in a fat may com­
plicate interpretation of the results of
an analysis, this difficulty may be
overcome by applying the procedures
described by Parks, Keeney, and
Schwartz (11, 12).

Aetivated magnesia has proved to be
an excellent adsorbent for 2,4-dinitro­
phenylhydrazones. Its affinity for 2,4­
dinitrophenylhydrazones is presumably
due to the ionic species of the m­
dinitro groups created by the alkaline
environment. All monocarbonyl 2,4­
dinitrophenylhydrazones turn various
shades of red, gray, or purple on contact
with this adsorbent. All of the 40
hydrazones studied were stable on
magnesia and on alumina. The stability
of 2,4-dinitrophenylhydrazones (also
2,4-dinitrophenylosazones) to an
alkaline environment has been amply
demonstrated (14, 16, 18).

The capacity of magnesia for 2,4­
dinitrophenylhydrazones depends on
factors such as fat concentration,
nature of the fat under study, type
of class predominantly present-i.e.,
ketones are held less strongly than satu­
rated aldehydes, etc. (18)-and, of course,
strength of the adsorbent. Very little

variation in the strength of various
lots of Seasorb 43 has been observed.
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Critical Study of Different Methods for
Determination of Chlorite
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l> A criticI]I study of method; for the
determination of hypochlorite and
chlorate with special reference to their
behavior for chlorite determination was
made and ,0 procedure for the deter­
mination of chlorite using ammonium
sulfate developed. Two int,emal in­
dicators for sodium benzene sulflnate­
hypochlorite titration are reported.

D DRING the study of the kinetics and
stability of hypochlorite (7),

there arose the need for a method for
determining chlorite ions in hypo­
chlorite solution. The survey of the
literature indieated the availability of
many methods (1-4-) for the deter­
mination of hypochlorite and chlorate,
but these methods did not describe the
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fate of chlorite ions during the deter­
mination.

Chapin (4) employed phenol for the
determination of hypobromite and bro­
mite or hypoiodite and iodite in presence
of each other and concluded that the
latter did not react with phenol and
could thus be distinguished from hypo­
halites. Ackerman (1) found that
sodium benzene sulfinate reacts
quantitatively with hypochlorite. At­
kin (2) used this reaction for the deter­
mination of total halates in sodium
hypochlorite solution after the hypo­
chlorite was titrated with sodium
benzene sulfinate. Schulek and Endoroi
(11) used potassium cyanide to distin­
guish between chlorite and hypochlorite.
However, the reagent is not easy to

handle and the method cannot be used
as a routine procedure.

The method based on phenol, when
employed in these laboratories, did not
give accurate results for the deter­
mination of hypochlorite and chlorite in
the presence of each other. Neither
Ackerman (1) nor Atkin (2) described
the fate of chlorite ions when sodium
benzene sulfinate was used for the
determination of hypochlorite and
chlorate. A later communication by
Farkas and Lewin (5) also did not men­
tion the determination of chlorite ions.
This led us to the critical study of the
above methods for the determination of
hypochlorite and chlorate ions with
special reference to their behavior for
chlorite determination.



a Determined by subtracting arsenite from thiosulfate titer.
b Found by ammonium sulfate method (Method V).
c Found by Method IV.

0.0047
0.0040
0.0039
0.0037
0.0041

Chlorite, b

N

The determination of chlorite by the
arsenite-thiosulfate procedure and the
ammonium sulfate method is compared
in Table II, which indicates that the
ammonium sulfate method gives reliable
results for chlorite determination.
Hypochlorite ion is converted quantita­
tively to hypobromite at pH 9 to 9.4 by
the addition of potassium bromide and
is destroyed by ammonium sulfate (8),
leaving behind chlorite ions (cf. Table
II).

Table II also compares the estimation
of chlorite using arsenious oxide and
the phenol-potassium iodide-thiosulfate
procedure. The results indicate that
phenol reacts with both hypochlorite
and chlorite, leaving behind a small
amount of available chlorine. This is
probably due to the fact that when
phenol reacts with hypochlorite solu­
tion, the substitution goes further to
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Chlorite, a

N

0.0045
0.0040
0.0040
0.0038
0.0040

0.1134
0.1013
0.1010
0.0887
0.0960

0.1135
0.1007
0.1004
0.0885
0.0967

Arsenite
titer, N

0.1090
0.0968
0.0965
0.0848
0.0928

Determination of Chlorite by Ammonium Sulfate Method

Ions unreacted
with phenol,c

N
0.00014
0.00044
0.00050
0.00041
0.00030

Starch-
iodide Tar-
paper Bordeaux trazine

0.1133
0.1000
0.1000
0.0885
0.0955

Table II.

Thiosulfate
titer, N

0.1135
0.1008
0.1005
0.0886
0.0968

Hypo­
chlorite

and
chlorite,a

N

0.1135
0.1008
0.1005
0.0886
0.0968

Table I. Suitability of Tartrazine and
Bordeaux as Internal Indicators for
Benzene Sulfinic Acid-Hypochlorite

Titration

Strength of hypochlorite
solutionb by sodium
benzene sulfinate, N

a Found by potassium iodide-thio­
sulfate titration (Method I). The same
samples were analyzed for hypochlorite
and chlorite (Table II).

b Hypochlorite solution includes hypo­
chlorite and its decomposition products
except chlorate (1,2).

RESULTS AND DISCUSSION

tion using tartrazine as internal indica­
tor. The titer included only hypo­
chlorite ions (10).

IV. A known volume (10 ml.) of
hypochlorite solution was taken and an
excess (15 ml.) of 20% phenol solution
was added to it. The solution was let
stand for 5 minutes. An excess of solid
potassium iodide and sulfuric acid (4N)
was added and the solution was further
kept for 5 minutes before it was titrated
against standard thiosulfate.

V. Ten milliliters of sodium hypo­
chlorite solution was buffered to pH 9.3
by boric acid, followed by an excess of
solid potassium bromide. After about
45 to 60 seconds, ammonium sulfate was
added with continuous shaking and
the solution let stand for 10 minutes
before excess potassium iodide and
sulfuric acid (4N) were added. The
liberated iodine was titrated against
standard thiosulfate. The titer in­
cluded only chlorite ions.

The results in Table I indicate that
sodium benzene sulfinate reacts with
both hypochlorite and chlorite quantita­
tively and cannot be used for the deter­
mination of either in the presence of the
other. Two internal indicators-i.e.,
Bordeaux and tartrazine-give accurate .
results and are easy to use as compared .
to starch-iodide as an external indicator.

We have established that phenol
reacts with chlorite in addition to
hypo.chlorite and cannot be used for the
determination of either in the presence
of the other. Similarly, sodium benzene
sulfinate reaots with both hypochlorite
and chlorite ions. Ackerman (1) and
Atkin (2) employed starch-iodide paper
as an external indicator for sodium
benzene sulfinate titrations. In this
paper two internal indicators are re­
ported.

In a previous paper (8), a method was
reported for the simultaneous deter­
mination of hypobromite, bromite, and
bromate using ammonium sulfate. In
the present paper, this reaction of am­
monium ion has been used for the
determination of chlorite in presence of
hypochlorite and chlorate.

EXPERIMENTAL

Materials. All reagents were ana­
lytical grade.

Sodium hypochlorite of various
strengths was prepared by passing
chlorine gas through 0.5N sodium hy­
droxide solution previously cooled to
below 0 0 C. The resulting solution was
diluted to pH 11 to 12 and was stand­
ardized for its hypochlorite and chlorite
contents by arsenious oxide (6).

Arsenious oxide (O.IN solution) was
prepared by dissolving the approxi­
mately weighed reagent in 10% sodium
hydroxide solution. It was made acid
to phenolphthalein. Ten grams of solid
sodium bicarbonate was added, and the
solution was diluted to 1 liter and
standardized with iodine.

Sodium benzene sulfinate (British
Drug Houses), O.IN solution, was pre­
pared by weight.

Tartrazine and Bordeaux indicators,
0.2% aqueous solutions, were used.

Potassium iodate (O.IN solution) was
prepared from the reagent previously
dried at 120 0 C.

Procedure. Potassium iodate was
used as the primary standard, and
the determination was carried out by
the following methods.

I. A known sample of hypochlorite
solution was acidified after addition of
excess potassium iodide and let stand
for 5 minutes before the liberated iodine
was titrated against standard thio­
sulfate. The titer included hypochlo­
rite, and chlorite ions (6).

II. A known amount of sodium ben­
zene sulfinate was taken in a 100-m!.
conical flask and titrated against stand­
ard hypochlorite solution using starch­
iodide as an external indicator (1, 2).
Two similar titrations were carried out.
using tartrazine and Bordeaux as
internal indicators. It was necessary
to add about 0.5 gram of sodium bi­
carbonate and a small amount of potas­
sium bromide to get a distinct end point
when Bordeaux or tartrazine was used
as internal indicator.

nI. A small amount of sodium bi­
carbonate and potassium bromide was
added to a known volume of standard
arsenious oxide solution in the flask and
was titrated against hypochlorite solu-
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Determination of Normal Alpha-Olefins
by Hydrobromination

JOSEPH C. SUATONI

Gulf Research and Development Co., Pittsburgh, Pa.

~ A method is described for the de­
termination of normal alpha··oleAns in
oleAnic mixtures within ~he CIZ-CI 8

range. Hydrobromination of the oleAn
sample in the presence of lauroyl
peroxide is utilized to convert normal
alpha-oleAns to normal primary alkyl
bromides which can be separated
from other alkyl bromides by 5-A
Molecular Sieve pellets. The weight
of nonadsorbed bromides is a measure
of the impurity in normal a.lpha-oleAns.
The method determines normal alpha­
olefins in the presence of beta­
branched alpha, non-beta-branched
alpha, normal and branched internal,
and cyclic oleAns.

CONSIDERABLE EFFORT and expense
have been expended by the pe­

troleum industry to produce high purity
normal alpha-olefins. The,e olefins are
particularly valuable in the manufac­
ture of biodegradable detergents.
Therefore, the necessity arose for an
accurate. method for determining the
purity of the normal alpha-olefins.
Terminal olefins may be analyzed by in­
frared techniques (8, 9), but this ap­
proach does not differentiate normal
alpha-olefins from alpha-olefins having
branching other than on the beta-car­
bon atom. These non-beta-branched
alpha--olefins (HzC=CHR, where R is
a branched group) could be present with
normal alpha-olefins, especially if the
alpha-olefins are produced by a wax
cracking process.

Thus, a study was initiated to investi­
gate hydrobromination as a tool for
the quantitative determination of the
nonb::-anched terminal olefin type. Kha­
rasch (2-5) reported th9,t alpha-olefins
when reacted in the presence of hydro­
gen bromide and organic peroxide form
only primary alkyl bromides. He
worked primarily" with lower molecular
weil~ht olefins because of a lack of pure
high molecular weight alpha-olefins.
His limited work with high molecular
weight olefins (5) resulted in good yields
of primary bromides. Therefore, if the
reaction were quantita"Give, the primary
bromides resulting from normal alpha­
olefins might be separated from the
primary bromides formed from branched
alpha-olefins, and from the secondary
bromides formed from the reaction of
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normal internal olefins by adsorption
on 5-A Molecular Sieves. A measure
of the weight of the bromides which
were not adsorbed by Molecular Sieves
would then be a direct indication of the
total impurity in the normal alpha­
olefin.

A number of workers (6, 7, 10) have
used Molecular Sieves (synthetic zeo­
lites) for the separation of normal
paraffins from branched paraffins.
Barrel' (1) found that natural zeolites
could be used to separate secondary
bromides from primary bromides.
Working with chabazite, gmelinite, and
analcite, he found that primary alkyl
bromides are adsorbed by sieves slowly
at room temperature, and that second­
ary alkyl bromides were excluded.

EXPERIMENTAL

Reagents. All chemicals were rea­
gent grade unless otherwise specified.
The olefins were obtained from the
Phillips Co., American Petroleum
Institute, and the Chemical Procure­
ment Laboratories. The anhydrous
hydrogen bromide was purchased from
the Matheson Co. The 5-A Molecu­
lar Sieves pellets, purchased from
Linde Co., were dried prior to use by
heating for 6 hours at 450° C. under
I to 5 mm. of Hg pressure, and then
cooled under vacuum. " The solvent,
2,2,4-trimethylpentane, was obtained
from the Phillips Petroleum Co.
Prior to use, all normal paraffins were
removed from the solvent by adsorp­
tion with Molecular Sieves.

Apparatus. The hydrogen bromide
reaction flask was a 150-ml. capacity
two-necked, round-bottomed flask fit­
ted with a medium porosity fritted
disk, 11 mm. in diameter, for hydrogen
bromide dispersion. The gas chro­
matographic apparatus employed for
examination of the olefins and alkyl
bromides consisted of an F and M
Model 300 programmed-temperature
chromatograph equipped with a 6­
foot, 1/4-inch column packed with
25% SE-31 Silicone Gum on Gas
Chrom P.

Procedure. To approximately 0.70
gram of sample in the reaction flask,
add 0.05 gram of lauroyl peroxide
which has been dissolved in 40 ml. of
2,2,4-trimethylpentane. Immerse the
flask in a carbon tetrachloride bath.
Add dry ice to the bath until the car­
bon tetrachloride solidifies, and pass

anhydrous hydrogen bromide through
the solution at a rate of approximately
25 cc. per minute for 1.25 hours. At
that time, remove the bath and con­
tinue the hydrogen bromide addition
for 0.5 hour. Disconnect the hydro­
gen bromide source, remove the flask
from the reaction assembly, and add 0.5
gram of anhydrous sodium sulfate to
remove traces of water if present. Place
the flask in a water bath maintained
at 10° ± 5° C. Purge the solution with
prepurified nitrogen for 25 minutes at
a rate of 25 cc. per minute. Decant
the contents of the reaction flask into a
250-ml. Erlenmeyer flask fitted with a
24/40 ground glass joint. Rinse the
reaction flask with four 7-ml. portions
of solvent and add the washings to the
Erlenmeyer flask.

Add 5 grams of dried 5-A Molecular
Sieve pellets to the Erlenmeyer flask.
Stopper the flask, swirl, and allow to
stand at room temperature for 25
minutes. Then add an additional 25
grams of sieves and reflux the mixture
for 5.5 hours. If the sample contains
C,8 olefin, a reflux time of 6.5 hours is
necessary. By means of a fine-fritted
Buchner funnel filter the contents of the
Erlenmeyer flask under 100 to 200 mm.
of Hg pressure. Rinse the flask and the
Buchner funnel with five 20-ml. portions
of isopentane and collect in the filtering
flask. Quantitatively transfer the con­
tents, using isopentane, to a previously
weighed 250-ml. Erlenmeyer flask.
Place the flask in a water bath, at room
temperature, and evaporate the solvent
by blowing air over the surface. If the
olefin sample is CI6 or C18, the evapora­
tion time can be shortened by maintain­
ing the water bath at 55° ± 5° C.
Obtain the weight of solvent-free res­
idue and calculate the normal alpha­
olefin content of the sample.

RESULTS AND DISCUSSION

General Discussion. This method
is applicable to olefin fractions within
the C,Z to C18 range. The method can
be extended to higher molecular weight
olefins by extending the reflux time for
adsorption of the normal bromides.
If the olefin sample contains normal
paraffins, they will be adsorbed by the
sieves and be calculated as normal
alpha-olefins. Branched saturates are
not adsorbed and thus are calculated as
impurity. The data in Tables I, II,
and III, indicate the normal alpha-



Table I. Reaction Yields of Higher Molecular Weight Olefins with Hydrogen
Bromide

Olefin
1-Hexadecene
1-Tetradecene
1-Eicosene

LU
V>

61-BROMOOCTANE

B;
LU
<>:
<>:
LUo
<>:o
~
<>:

12 10 B

216 190 164
•
""

4

112

ISOOCTANE

AIR

I
2. 0 TIME-MIN.

86 60 TEMP. ·C

Sample size,
gram

0.7136
0.6735
0.8737
0.8890

11-Tricosene 0 .8935
a 0.05 Gram added for lauroyl peroxide.

Yield, grams
Found Theorya
1.008 1.021
0.998 1.007
1.167 1.174
1.225 1.196
1.137 1.167

Mole %
reacted

98.8
99.1
99.5

100.2
97.7

Table IV. Molecular Sieve Adsorption Studies

lS00CTANE

95.6

Weight %
adsorbed

77.0
86.2
88.6

100.0
100.0

95.0

Theory Found
99.8 100.0

96.4 96.0
95.7
93.6 93.3
93.1
96.6 96.9
96.6 96.9
96.9 95.9
939 94.8
93.1 93.7
94.5

Hydro-
bromination Infrared

Examination of Synthetic
Olefin Blends

Mole % normal
alpha-olefin

Time, hours
21/ 4

41
/ 4

6
51/z
51/2

Carbon
range

C,2

Table II.

Compound
1-Tetradecene
1-Tetradecene +

Ci4 impuritya
1-Tetradecene +

C14 impuritya 91.0 92.0
a 89% R2C=CH2 and 11 % R2C=CHR.

of 5 grams of sieves. Some primary
alkyl bromide may be adsorbed at this
stage, but this causes no error since the
next step involves the removal of
primary bromide by the addition of 25
grams of sieves.

The nonadsorption of normal second­
ary alkyl bromides by 5-A Molecular
Sieves was established by experimen­
tation with 2-bromobutane. An iso­
pentane solution containing 2-bromo­
butane and naphthalene as the internal
standard was allowed to stand for 48
hours at room temperature with Molec­
ular Sieves. The isopentane solution
was examined chromatographically prior
to the addition of sieves and after the

Table III. Hydrobromination and In­
frared Analysis of Normal Alpha­

Olefins
Mole % normal

alpha-olefin

o TIME-MIN.
60 TEMP. ·C

Temp., ac.
26
26
26
99
99

AIR

I
2
8.

4

112
10 8 6

190 164 138

2 AND 3 BROMOOCTANE
PEAKS

ratio of 50: 1, the time for complete ad­
sorption of n-bromohexadecane at
99° C., was <2.5 hours. It is seen
from Table II that lauroyl peroxide
causes no error in the technique, since
it is totally adsorbed by the sieves.

The presence of hydrogen bromide in
the solution had an adverse effect on the
adsorption of n-bromohexadecane, hy­
drogen bromide behaving similarly to
water in deactiviating the sieves. To
illustrate, n-bromohexadecane was re­
fluxed for 5.5 hours with sieves in the
presence of isooctane saturated with
hydrogen bromide. The amount of
n-bromohexadecane adsorbed was 14%
compared to 100% in the absence of
hydrogen bromide. Two techniques
were evaluated to study the removal of
hydrogen bromide from the reaction
mixture. Initially the reaction mixture
was evaporated on a steam bath to a
volume of 15 ml. This. approach was
not suitable for the complete removal of
hydrogen bromide. Finally the hy­
drogen bromide was successfully re­
moved by purging the reaction solution
with nitrogen followed by the addition

12
21.

Figure 2. Programmed chromatogram
of product of 2-octene and HBr in
isooctane

Compound
n-Bromohexadecane
n-Bromohexadecane
n-Bromohexadecane
n-Bromohexadecane
Lauroyl peroxide

Figure 1. Programmed chromatogram
of product of l-octene and HBr
in isooctane

olefin content of an olefin fraction may
be determined with a relative error of
±1.3%.

Hydrobromination of Olefins. To
determine the completeness of the
reaction of hydrogen bromide with
olefins, and if primary bromides only
are formed from alpha-olefins, the
reaction products were examined by
gas chromatography. 1-0ctene was
treated with hydrogen bromide under
the reaction conditions specified above
and a quantitative yield of I-bromo­
octane was obtained. Figure 1 is a
chromatogram of the reaction product
of l-octene with hydrogen bromide in
isooctane. The presence of any non­
reacted l-octene would have been
indicated by a peak at 4.5 minutes.
The retention time of I-bromooctane
was verified experimentally. The re­
action of hydrogen bromide and 2-octene
resulted (Figure 2) in a quantitative
yield of 2-bromooctane and 3-bromo­
octane. N onreacted 2-octene would
have been indicated by a peak at 3.5
minutes. Using the weight of the re­
action product as a measure of the com­
pleteness of the reaction with higher
molecular weight olefins, quantitative
yields were also obtained with I-tetra­
decene, I-hexadecene, l-eicosene, and
ll-tricosene. The results are sum­
marized in Table 1. In addition, these
reaction products of I-tetradecene,
I-hexadecene, and ll-tricosene were re­
fluxed with Molecular Sieves at 99° C.
The reaction products of I-tetradecene
and I-hexadecene were totally ad­
sorbed indicating the formation of only
primary bromides. The ll-tricosene
reaction product was not adsorbed, in­
dicating secondary alkyl bromides.

Molecular Sieve Absorption Stud­
ies. The adsorption of n-bromohexa­
decane (Table IV) by B-A Molecular
Sieves was studied at a ratio of 25
grams of sieves to 1 gram of n­
bromohexadecane. The results of this
study indicated that at the reflux
temperature of isooctane, 99° C.,
the time necessary for complete ad­
sorption of n-bromohexadecane was
5.5 hours. The reflux time may be
decreased by increasing the ratio of
sieves to bromide. For example, at a
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Figure 3. Programmed chroma­
tograms of 2-bromobutane and naph­
thalene in isopentane

non-beta-branched alpha-olefins, there
is good agreement between the methods
of analysis. In the future, when normal
alpha-olefins are prepared by other proc­
essed especially wax cracking, and non­
beta-branched alpha-olefins are present,
the hydrobromination technique may be

2-BROMOBUTANE ISOPENTANE
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employed; whereas, the infrared tech­
nique will be in error to the extent of
non-beta-branched alpha-olefin.
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addition of sieves. These cl9,ta are
8hown in Figure 3. It is evident that
2-bromobutlwe was not adsorbed by
5-A sieves. The nonadsorption of sec­
ondary alkyl bromides was further con­
firmed by the exclusion of the reaction
product of ll-tricosene with hydrogen
bromide.

Examination of Synthetic 'Blends.
Because of the lack of pure olefins in the
CH range, the impurities used to
blend with I-tetradecene were isolated
from a commercial C14 alpha-olefin.
The impurities were separated by
contacting the alpha-olefin with 5-A
Molecular Sieves for 18 hour" at the
reflux temperature of 2,3-dimethyl­
butane. After removal of the solvent,
the impurities were blended into API
I-tetradecene. It. can be seen from
Table II that there is good agreement
between the actual normal alpha­
olefin content of the sample and the
normal alpha-olefin determined by
this method.

Hydrobromination Analysis of
Alpha-Olefin Samples. Table III is a
comparison of the analysis of alpha­
olefin samples by the hydrobromina­
tion and infrared techniques (8). The
samples that were analyzed were formed
by an ethylene polymerization process.
Since the olefins contain little if any

Reflectance Fluorescence Spectra of Aromatic
Compounds In Potassium Bromide Pellets

B. L. VAN DUUREN and C. E. BARDI

Institute of Industrial Medicine, New York University Medical Center, New York, N. Y.

l> The reflectance fluorescenc:e excita­
tion and emission spectra of solid
aromatic c<ompounds were measured
in potasskum bromide pellets in the
concentration ranges 0.00002 to 0.2
mmole of compound per gram of
potassium bromide. In some instances
the fluorescence spectra were identical
with those, of solution spectra, whereas
in others the maxima were shifted to
longer wClvelengths. For some hydro­
carbons the appearance of the spectra
was concentration-dependent. The
fluorescence excitation and emission
maxima of solid charge transfer com­
plexes were also measured in potas­
sium bromide pellets.

THE fluorescence spectra of dilute
solutions of aromatic hydrocarbons

have in recent years been investigated
extensively (17) and are often used in
analytical work (18). However, com­
paratively few studies have been carried
out on the fluorescence characteristics
of aromatic hydrocarbons in solid form.

The fluorescence of solids has been
studied using powdered crystalline ma­
terials (13, 14), single crystals (U3, 15),
microcrystalline suspensions (6) , and
microcrystalline deposits on glass plates
(2). In the present work the fluores­
cence of solid aromatic hydrocarbons
was investigated in potassium bromide
pellets. The pellet technique was first
developed for infrared absorption spec­
trometry and it is now widely used for
this purpose. More recently pellets
were also used for ultraviolet and visible
absorption spectwmetry (10, 19).

The reflectance fluorescence method
was developed for the examination of
weak charge transfer complexes of
biological interest. Such application
will be described elsewhere. In the
course of this work a number of observa­
tions were made on the fluorescence of
solids and these are examined in this
report. The method also offers the
obvious advantage that absorption,
fluorescence, and infrared spectra can be
measured on the same sample.

EXPERIMENTAL

Purification of Aromatic Com­
pounds. All compounds used in this
work were purified by one or more of the
following procedures: column chroma­
tography, crystallization, and vacuum
sublimation. Purity was established
by melting points, ultraviolet absorption
spectra, and the absence of other
fluorescent compounds as shown by
thin-layer chromatography on silica gel
plates (1) (solvent: cyclohexane-ben­
zene, 1:1).

Preparation of Perifianthene [Di­
indeno(I,2,3-cd :I',2',3'-lm) pery lene].
This hydrocarbon was prepared by self­
condensation of fluoranthene with so­
dium amide in xylene (7). The com­
pound was purified by vacuum sub­
limation to give red crystals (1'1'1. p. >
360° C.).

Anal. Calcd. for C32H 16 : C, 95.97;
H,4.03. Found: C,96.08; H,4.03.

1,3,5-Trinitrobenzene. Commercial
grade material (K & K Laboratories,
.Tamaica, N. Y.) was purified by re­
peated crystallization from 95% ethyl
alcohol (m.p. 123-5° C.).
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Figure 1. Sample area for measurement of fluorescence of
aromatic hydrocarbons in KBr pellets

1. Sample area of Farrand spectrofluorometer
2. Sample holder
3. KBr pellet
4. Slit
5. Monochromatic exciting light
6. Fluorescence emitted
7. Secondary filter

550400 450 500
Wavelength. mlJ

metal holder, the same as that used for
the examination of paper chromatogram
strips (Farrand Optical Co.).

The positioning of the pellet with
respect to incident light and fluorescence
emitted is shown in Figure 1. The
pellet is positioned at an angle of 30°
with respect to the incident beam.
This angle is preferable to the 45° angle.
in that specularly reflected incident
light will be greater at the 45° angle.
With the arrangement shown here the

1 .... " 0.2 mmole per gram KBr.
Primary Alter 7-54. Secondary Alter
3-75. Excitation at 300 mit
2--- Some as 1 but at 0.0002
mmole per gram KBr
3- - - DBA in cyclohexane solu­
tion, 0.004 mmole per liter

Figure 2. Fluorescence emis­
sion spectra of dibenz(a,h)­
anthracene

adjusted according to requirements.
The pellets were examined with proper
choices of glass color filters (Corning
Glass Works, Corning, N. Y.) and were
also compared with spectra obtained
without filters. A IP28 multiplier
phototube was used for all measure­
ments. Solution spectra were meas­
ured in a quartz fluorescence cell (10 X
10 X 50 mm.). Potassium bromide
pellet spectra were measured using
potassium bromide disks, 0.7 to 1.0 mm.
thick, 13.0 mm. in diameter, which were
prepared with an evacuable potassium
bromide die. The die is the same as
that used for infrared spectrometry
(Research and Industrial Instrument
Co., London, England). The pellet
was placed on a black nonfluorescent

6

5
4- __

Solvents. The solvent used in the
measurement of solution spectra was
spectroscopic grade cyclohexane
(Matheson, Coleman and Bell, East
Rutherford, N. J.). In the preparation
of pellets fluorometric grade benzene
(Hartman-Leddon Co., Philadelphia,
Pa.) was used.

Potassium bromide. Infrared qual­
ity potassium bromide (Harshaw Chem­
ical Co., Cleveland, Ohio) was used for
the preparation of pellets.

Fluorescence Instrumentation. A
Farrand automatic recording spectro­
fluorometer (Farrand Optical Co., Inc.;
New York, N. Y.) equipped with a high
intensity 150-watt d.c. xenon arc
(Hanovia Lamp Division, Newark,
N. J.) was used. Slit widths were

Emission maxima
reported, miL

34Sb

427, 44.5, 470, 505(sh),'
448. 475, 535, 575b

388,408,433,460,'385,
415, 434, 460, 485"

417,440, 462b

410, 430, 465, 491b

475b

475b

497,520, 547(sh)'

424, 452, 472, 505, 545'

Emission maxima, mit

390,405,430,455

340
425,447, 475(sh), .5L5(sh),

550(sh)

405,425,450
405,428,452,475
463, 485(sh)
438(sh), 460, 495(sh)
480,505(sh)
387, 405, 425, 450, 485(sh)
428, 450, 470, 505(sh)

370

300
315
370
385
360
360
375

1-647-51

Fluorescence Emission Spectra of Solid Aromatic Compounds

Filtersa Excitation
Primary Secondary wavelength, mit

7-54 0-54 31.'5
1-64 3-7.'5 375

See text

Table I.

Concn.,
mmole/g. KBr

0.02-0.2
0.05

0.00002

0.00002-0.2

Compound
Naphthalene
Anthracene

Phenanthrene

Chrysene
Fluorene
Pyrene
Fluoranthene
Benzo(a )pyrene

Dibenz(a,h )anthracene

0.00002-0.02 7-54 3-75
o.00002-0 .02 7-54 0-51

0.02-0.002 1-64 3-75
0.00002-0.02 1-64 3-75

0.02 7-54 3-75
0.00002 7-54 0-51

0.2 7.54 0.52
o.00002 See Figure 2

Perylene 0.0002-0 05 7-59 3-70 375 535(sh),568
Benzo(g,h,i)fluoran- 0.2 1-64 3-75 395 465, 487

thene 0.00002 1-64 3-75 395 425,452,465,487,520
Periflanthened 0.001 3-69 410 590, 620(sh)
Tricycloquinazoline6 0 .01 7-39 3-72 355 530, 565

a Color glass filters (Corning Glass Works). Other filter combinations can in some instances be used.
/>(12).
c Measurements made on an energy-recording spectrofluorometer (14) by D. T. Palumbo, Sylvania Electric Products, Inc., Towanda,

Pa.
d Synthesis described under Experimental.
6 Obtained from R. W. Baldwin, Cancer Research Department, The University, Nottingham, England.
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Figure 3. Fluorescence emission spectra of pyrene

incident beam covers t,he entire area of
the pellet. Dibenz(a,h)anthracene in
cyclohexane and quinine sulfate in water
were used to calibrate the spectro­
fluorometer for intensity (16). All
spectra were measured at roorn tem­
perature.

Ultraviolet Absorption Instrumenta­
tion. These spectra were obtained
with a Beckman DU spectrophotometer
equipped wi.th an automatic recording
unit (Process and Instruments Co.,
Brooklyn, 1,'. Y) using 10 X 10 X 50
mm. quarttl cells.

Preparation of Pellets. The pure
hydrocarbon or heterocyclic, in weights
ranging from 1 to 10 mg., was crushed
and mixed in an agar mortar with 200
mg. of potassium bromide. Smaller
amounts' of hydrocarbons, I }lg. to 1
mg., were added to 200 mg. of potassium
bromide as aliquots of dilute solutions
of the lwdrocarbons in benzene followed
by freeze drying. The rellets were
prepared directly from the"e mixtures.
For the preparation of trinitrobenzene
complexes the donor and acceptor in
equimolar proportions (0.01 mmole of
each) ..vere dissolved in benzene (1 m!.)
and added to 200 mg. of potassium
bromide. Benzene was removed in a
high \'acuum, the residue was crushed
and mixed, and pellets were prepared as
described above.

RESULTS AND DISCUSSION

The fluorescence spectra obtained
with 13 solid aromatie compounds in
potassium bromide peHets are given in
Table 1.

Concentration Effects and Sensi­
tivity. 'Nithin the range of concen­
tration examined the following hydro­
carbons did not "how changes in

maxima appear. Concentration de­
pendence in the case of dibenz(a,h)­
anthracene is illustrated in Figure 2.

Concentration effects were not exam­
ined for periflanthene and tricyclo­
quinazoline.

The fluorescence of solid hydrocarbons
in pellets could be recorded without
difficulty in most instances at con­
centrations as low as 0.00001 mmole per
gram of potassium bromide, with the
proper choice of filters. The order of
fluorescence intensity for anthracene,
fluorene, fluoranthene, benzo (a) pyrene,
chrysene, and dibenz(a,h)anthracene,
all at concentrations of 0.00002 mmole
per gram of potassium bromide, is the
same as that of a dilute solution of
dibenz(a,h) anthracene containing 4 X
10-6 mmole per m!. of cyclohexane.
Concentration-fluorescence intensity re­
lationships were not examined.

Comparison with Solution Spectra.
Naphthalene, pyrene, fluoranthene, and
tricycloquinazoline show the same emis­
sion spectra in potassium bromide pellets
and in solution. The pyrene pellet
fluorescence spectrum corresponds to
that of a concentrated solution (20
mmoles per liter) of pyrene in cyclo­
hexane (Figure 3). This is expected,
since pyrene is known to undergo
excited state dimerization in con­
centrated solution (11). Benzo(a)­
pyrene and dibenz(a,h)anthracene
show the same maxima in pellet spectra
at low concentrations and in solutions
in cyclohexane. This identity in solid
and solution spectra is shown in Figure
2 for dibenz(a,h)anthracene. The solid
and solution spectra (16) are different
for: anthracene, phenanthrene, chry­
sene, fluorene, perylene, and benzo(g,­
h,i)fluoranthene. In all these cases
there is a shift to longer wavelength in
going from the solution to the solid
spectrum.

The excited state dimerization of
pyrene and other hydrocarbons in
concentrated solutions was discussed
recently by Birks and Christophorou
(3, 4). They point out that emissions
occurring at longer wavelengths in
concentrated solutions and in solids are
due to dimer formation.

Excitation Spectra of Solids. Most
of the hydrocarbons examined showed
useful excitation spectra. The fluo­
rescence excitation and emISSIOn
spectra of fluorene are given in Figure 4.
Fluoranthene, which shows the same
emission spectra in the solid and in
solution, exhibits a shift to longer wave­
length in the excitation spectrum of the
solid compared to a solution (Figure 5).
However, at low concentration (0.00002
mmole per gram of potassium bromide)
the major excitation peak occurs at 355
mIL corresponding to the solution
excitation spectrum (curve 2, Figure 5).
Benzo(a)pyrene shows, at low concen­
trations, excitation maxima at 365 and

463 478

fluorescence emISSIOn spectra with
change in concentration: naphthalene,
chrysene, fluorene, fluoranthene, and
perylene. However, anthracene, phen­
anthrene, benzo (a) pyrene, dibenz­
(a,h) anthracene, and benzo(g,h,i)­
fluoranthene exhibit concentration ef­
fects similar to the quenching and re­
absorption phenomena encountered with
solution spectra (16). Anthracene
shows at 0.00002 mmole per gram of
potassium bromide a new peak at 405
m}l, whereas the other peaks shown in
the table become weaker peaks or
shoulders on the 405-m}l peak.

Bowen and Lawley (6) measured the
fluorescence of microcrystalline suspen­
sions of anthracene. They found that
the shorter wavelength maxima, at 405
and 425 m}l, become more intense as the
anthracene particle size decreases; at
the smallest particle size examined, the
spectrum is similar to that of anthracene
in solution. The present findings with
anthracene pellets and concentration
dependence parallel Bowen and Lawley's
(6) finding with particle size. Phen­
anthrene shows the same series of peaks
throughout the concentration range
examined, but at high dilution (0.00002
mmole per gram of potassium bromide)
the 390-m}l peak, which is a shoulder at
higher concentrations, becomes the
most intense peak. Benzo(a)pyrene
shows a notable concentration depend­
ence. At high concentration (0.02
mmole per gram of potassium bromide)
it shows a single maximum at 480 m}l
with a shoulder at 505 m}l. At high
dilution the series of shorter wavelength

1-- 0.2 IlIrnole per liter in cyclohexane
2-- 20 mmoles per liter in cyclohexane
3- - - 0.0025 mmole per gram KBr

450 500

325

392

Rfl
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Figure 5. Fluorescence spectra of f1uoranthene
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Emission

Fluorescence spectra of KBr pellet of

Excitation

RFJ

Figure 4.
fluorene

0.00002 mnlole per gram KBr. Primary fllter 7-54. Secondary
fllter 0.51. Excitation with emission at 410 m..... Emission with
excitation at 315 m).!

Emission

O'-"----'-------L---'------'----'
D m ~ ~ ~ ~ a ~ ~ ~

Wavelength, m~

Figure 6. Fluorescence spectra of powdered phenanthrene

1--- 0.01 mmole per gram KBr. Primary fllter 1-64. Secandary fllter 3-75.
Excitation with emissi?n at 460 m..... Emission with excitation at 385 m).!
2 0.07 mmole per liter in cyclohexane. Excitation with emission at 440 m).!.
Emission with excitation at 360 m).!

80

20

100,------------::,..--,

60
Q.)
V>
C
0
a.
V>

~
Q.)

~
'" 40Q;
0::

Measured with constant energy instrument (Perkin-Elmer Carp.) (9). Emission with excitation
at 340 m).!

385 m).! which agree with the ultraviolet
absorption and fluorescence excitation
maxima of dilute solutions. Similarly,
dibenz(a,h)anthracene shows, at low
concentration, excitation maxima at
297 and 325 m,u with a shoulder at 340
m,u corresponding to the excitation and
absorption spectra of solutions (16).

Single-Crystal and Powder Spectra.
Sangster and Irvine (12) reported on the
fluorescence spectra of a number of
aromatic hydrocarbons as single cry&·
tals. The values taken from their work,
and shown in Table I, were read from
their published curves and will there­
fore be approximate. The general
nature of their spectra is in agreement
with that found in the present work.
The other reported values were meas­
ured on an energy-recording spectra­
fluorometer with powdered materials.
The instrument used for this purpose
and the method have been described
in detail (14-). These results are in
agreement with the measurements made
on pellets in the present work with a
different instrument. The fluorescence
excitation and emission spE!ctra obtained
with powdered phenanthrene at room
temperature are shown in Figure 6 for
comparison with that obtained with the
pellet, given in Figure 7.

Schmillen (13) and Sponer (15)
recently reported on the luminescence
of solid aromatic hydrocarbons as
polycrystalline powders and as single
crystals. Energy transfer is of impor­
tance in the examination of the fluores­
cence of mixtures of solids and was
examined for chrysene-perylene mix­
tures (13). These and other related
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Table II. Absorption and Fluorescence of Solid Hydrocarbon-l ,3,5-Trinitro­
benzene Complexes

(Mp )

Figure 7. Fluorescence spectra of phenanthrene in po­
tassium bromide I>ellet

0.02 mmole per gram KBr. Primary filter 1-64. Secondary fllter 3-75.
Excitation with emission at 410 mJl. Emission with excitation at 370 mJl.
Spectrofluorometer (Farrand Optical Co.)

Herre (8) have measured the absorption
and fluorescence maxima of frozen dilute
solutions of the charge transfer com­
plexes formed between aromatic hydro­
carbons and several strong acceptors,
including 1,3,5-trinitrobenzene. In the
present work the reflectance fluorescence
excitation and emission maxima of
several trinitrobenzene complexes with
aromatic hydrocarbons were examined.
Some of these maxima are given in Table
II together with the reported values
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(8,10). In cases where reported values
are available, they are in good agreement
with results obtained on pellets, but
there are some shifts in the emission
maxima. The pellet method is also
expected to be useful in the examination
of weak .charge transfer complexes,
which may not be observed in dilute
solutions (5, 9).

530
570
530
560
530

550
I

500

KBr pellets at room
temperature

375
462
373
460
360

Excitation Emission

450
I

\

I

Emission

513
610
521

400 350 400
Wavelength, mIJ

350

377
463
373
422 (10)"

Solutions at -190° C. (8)
Absorption Emission

300

Excitation

250

Rfl

Hydrocarbon

Naphthalene
Anthracene
Phenanthrene
Pyrene
Fluoranthene

" KBr pellet.

studies indicate the difficulties involved
in the measurement of the fluorescence
of solids, since minute traces of im­
purities readily influence the appearance
of solid :f1.uorescence spectra.. However,
with the powerful methods of purifica­
tion and establishment of purity' of
materials, such as thin-layer chroma­
tography, this difficulty can be readily
overcome.

Fluorescence of Charge Transfer
Complexes. Czekalla, Briegleb, and
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Oxygen Determination In Rocks, Minerals, and
Water by Neutron Activation
ALEXIS VOLBORTHI and H. E. BANTA

Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tenn.

Figure 1. Decay curves for N16 in G-l, W-l, and H20; 0.73 sec. per channel

17

7.3 ± 0.2 seconds

described by Meinke (7), and built in
the Oak Ridge Institute of Nuclear
Studies is used. Sample transfer time
is approximately 0.6 second, at 25-p.s.i.
pressure. Extra-thick, lO-curie, 1.3 c.
per sq. em., tritiated titanium target
is bombarded by a deuteron beam of
500/-la. accelerated at 150 kv. to produce
the reaction H3(d,n)He 4• The initially
generated flux of 14-m.e.v. neutrons was
approximately 7 X 108 n sq. cm.fsecond,
with decays of more than two orders of
magnitude during use. This neutron
flux was measured using the Si28(n,p)AI28
reaction and the known cross section
for this reaction. The resulting 1.78-

o

with higher precision than previously
achieved by similar neutron activation
methods.

EXPERIMENTAL

Apparatus. The apparatus con­
sists of a Texas Nuclear neutron
generator and control, equipped with
the Oak Ridge ion source (8). A
Radiation Counter Laboratories 256
channel analyzer and a 3- X 3-inch
Harshaw Integral Line NaI(TI) crystal
are used for the detection. The spectra
are printed out by an IBM typewriter.
A fast transfer system, similar to that

750
OJ
C
C
0

.I:
<>

.....
Q.

<>..
en

r<> 500
r--
0
...
OJ
Q.

en-c
:::>
0

U

250
X H2O
0 G-I
+ W-I

I Present address, Nevada Mining Ana­
lytical Laboratory, University of Nevada,
Reno, Nev.

~ Oxygen in rocks and minerals is
determined using the reaction 0 16
(n,p)Nl6 in a l4-m.e.v. neutron flux of
7 X 108 n/cm.2/second, produced
by bombardment of a tritiated titanium
target by deuteron beam of 500 J.La.
accelerated at 150 kv. The gamma­
ray activity of the 7A-second nitrogen
is counted by a Nal(TI) scintillation
crystal and a multichannel analyzer.
Two-gram samples are used. The
method permits about 80 analyses per
day and is nondestructive. The rela­
tive standard deviation achieved on a
wate.r standard is 0.39%. Using
water and ignited oxides Ti02 and
AI20 s as standards, oxygen was deter­
mined in rocks G-l and W-l. Gamma
activities used lie in the region of 6 to
7 m.e.v., whereas most other gamma
activities of elements present in these
rocks fall in the region of 0 to 3 m.e.v.
The short half life of nitrogen-16
requires exact timing and a fast trans­
fer system. In rocks with F and B the
reactions FI9(n,a)NI6 and Bl1(n,p)Bell
have to be taken into account.

F AST NEUTRONS have been used for
analysis of trace amounts of

oxygen, mainly in organic compounds,
using the reaction OI6(n,p)NI6 (3, 9, 10,
12). Trace amounts of oxygen in in­
organic samples have also been deter­
mined (2, 3, 6). In the cited work
(2, 3), sensitivity achieved was about
30 p.p.m., and relative standard devia­
tion varied from 10 to 25%. Win­
chester (15) used the reaction OI8(d,2n)­
FI8 to determine oxygen in quartz,
kyanite, and galena, finding inter­
ference from Na and other elements.

Because of the relatively tedious
nature of all conventional methods for
determination of oxygen in organic and
inorganic materials, a method was
sought that would enable fast instru­
mental determination of this element in
rocks and minerals, that would be
compatible to the x-ray emission method
presently under development at the
Nevada Mining Analytical Laboratory
(13, 14). In silicate rocks and minerals
oxygen is the major component. To be
of practical value, oxygen determination
in these materials has to be performed
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Table I. Precision clf Oxygen
Determination in Water by Neutron

Activation
Counts

corrected
for target

Counts/min. decay

127698 124550 Std. dey.
12ii751 123450 S = 480 counts
125375 123800
124115 123350 ReI. std. dey.
124321 124250 C = 0.39 %
123331 124000
122316 123800 Oxygen-88.89%
121231 123500
121559 124650

Precision was determined by con­
secutive runs on distilled water, taking
the target decay into account (Table I).
From Figure 3 one can see that the target
decay can be considered to be linear
over a short period [see also Figure 1,
in (10)]. The relative standard deviation
of 0.39% so achieved, is to be regarded
as the ultimate with the nonspecialized
equipment used. The main difficulty in
some runs was the fluctuating accelera­
tor beam current. Microamperage had
to be controlled manually and neutron
flux variation could not be avoided.
Because of this, deviations from the
mean on rock and oxide powders varied
from 0.0 to 3% of the amount present,
and about 10% of all determinations
had to be discarded. These fluctuations
were measured and recorded by an as­
sociated alpha particle counting system.

In this system, alpha particles of ap­
proximately 3 m.e.v. energy are counted
by a 0.8-mm. 2 silicon surface barrier
detector placed 26 inches from the
target. This detector is followed by a
Tennelec low-noise preamplifier Model
100A, and a power supply Model 900.
The amplified pulses are fed to a
Victoreen DD-2 amplifier Model 651A
and a single channel analyzer. The
amplifier gain is adjusted so that the
alpha particle peak is about 50 P.R.
units high, and the spectrum integrally
counted above 30 P.R. units.

It was found that when the fluctua­
tion occurred during the later stages of
the irradiation, even the normalization
of results based on the alpha particle
count did not produce statistically
satisfactory results, sometimes giving
deviations of up to 4% from the mean.
Some series of runs gave good precision
as demonstrated in the case of water.
Occasivnally, however, unstable periods
of runs resulted, and therefore it was
necessary to discard some of the results.
This difficulty strongly suggests the use
of a dual transfer and counting system
to enable simultaneous activation of
the standard and the unknown.

The rock powders G-l and W-l,
quartz, A120 3, Ti02, and R 20 were
packed into the Marlex containers so as
to cover a reasonable range of oxygen
content. To avoid dead time correc­
tions and other statistical errors the sam-

Figure 3. Precision and tritium target
decay demonstrated over short period
with same water sample

-4
Figure 2. Super­
imposedNI6gamma
spectra of water,
rocks G- 1, W· 1,
and vein quartz,
with residual spec­
tra of same sub­
stances

four times, alternating each time with
the same water standard. This way
the activation of each sample was
spread over a relatively wide range of
target decay of 9 minutes. Intensity
ratios were computed on both sides of
the sample by comparison to the activity
of distilled water. In each case the
mean of these two readings was used,
and values given represent the mean of
four such readings. The empty, air
filled, Marlex rabbit showed no detect­
able activity in the oxygen spectrum
region, with the counting apparatus
used.

RESULTS

Possible interference from other ele­
ments in the N16 spectrum region from
4 to 8 m.e.v. was investigated in G-l and
W-l by taking residual spectra after a
time lapse of 1, 2, and 3 minutes and
comparing them with residual spectra
of water. No residual activity was
detected. To assert this, half lives of
the N14 activity in rocks G-l and W-l
were determined and decay curves
compared with that of water. The half
life was determined graphically as
T.f, = 7.3 ± 0.2 seconds, for both rocks
(Figure 1). In addition, the oxygen
spectra of water, G-l, W-l, and vein
quartz were superimposed on a log­
arithmic scale to demonstrate their
similarity (Figure 2). Background or
residual spectrum for G-l, and the
background for I-second counting in
neutron flux are also shown on this
figure. Discrimination was set at
approximately the 4-m.e.v. energy level,
or channel 55 of the multichannel
analyzer. Under these instrumental
conditions and with the 0.6-second
delays caused by transfer mechanism,
the only interfering reactions are FI9
(n, a)N16, and Bll(n,p)Bell (9, 10,12).
All other gamma activities lie in the
region of 0 to 3.0 m.e.v.

- H20

-- G-1

-.- Quartz

----- W-l

1000

10,000

...
I­
:>z
~....
If)

I­
Z
:>
o
<.>

m.e.v. gamma ray was measmed with
the equipment already described.

Samples. The samples analyzed
eonsisted of U. S. Geological Survey
standards Granite G-l and Diabase
W-l (11), distilled water, igni.ted an­
hydrous A.120 3 and Ti02 certified by
Fisher, and natmal quartz. Samples
were packed tightly in cylindrical con­
tainers 2.8 em. long and Ui em. in
diameter with two circular flanges to
reduce friction, and a screw top.
Volume of the sample was 1 cu. em. in all
cases. These "rabbits" were machined
from Marlex, manufactured by Phillips
Petroleum Co. of Bartles"Ville, Okla.
The weight of samples varied from 1.2
to 2.1 grams and the oxygen content
from 0.5 to 1.1 grams. As oxygen is the
major element in these samples, the
contribution of the atmospheric oxygen
trapped in the container can be ignored.
If this eontainer were filled only with
air,. the contribution of fLtmospheric
oxygen would be less than 0.3 mg.
This is below the detection limit of the
present method.

Procedure. The activ3.tion proce­
dure consisted of punch-button pneu­
matic transfer of the sample, I-minute
irradiation and return of the sample,
and accumulative counting for 30
seconds. All samples were irradiated
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Table II. Determination of Oxygen in Rocks G-l and W-l and Some Oxides by
Neutron Activation

TiOz Alz03 QTZ. W-I G-' HzO
02~~5!;,0;;------5-'0,..l0-----7';'50:....:I_--.JLL-"":1-00'-0...l---.l=-----JIZ50

MG.. OXYGEN

Oxygen
Sample Theoretical, Detd., Theoretical, Detd.,

No. Sample wt.,mg. mg. mg. % %
1 H2O 1250 1111 1110 88.88 88.80

20 G-1 2133 1040 1035 48.76 48.52
34 W-1 2040 915 910 44.85 44.61
6 Quartz 1697 904 885 53.27 52.15

51 AltO. 1708 804 815 47.07 47.72
52 Ti02 1300 521 520 40.07 40.00
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in the determination of all other con­
stituents. This neutron activation
method for oxygen is compatible in
speed and precision with the x-ray
emission method for other constituents.
Currently it appears to be superior in
precision and sensitivity to the recently
developed oxygen analysis by soft
x-rays (1, 4) in rocks. The main dif­
ficulties of this method result from the
short life of nitrogen-16. A fast transfer
system and exact timing are t.herefore
required. This is also the maID cause
for the sensitivity of this method to
neutron flux fluctuations.

In geology and petrology the ability
of fast total oxygen determination from
rocks and minerals makes the com­
parison of oxygen content of .simil~r

rocks at different depths feaSIble ID
connection with deep drilling programs.
In difficult chemical analyses of mete­
oritic material, artificial minerals, or
glasses, or other complex compounds,
the ability to analyze for oxygen non­
destructively brings an independent
check that should enable the analyst
to interpret the results better. !~
mineralogy and crystallography StOI­
chiometry problems such as the de­
ficiency of sulfur in certain sulfides or
silicon in certain silicates and phos­
phorus . in certain phosphates, for
example, may be solved by the deter­
mination of total oxygen.

Figure 4. Calibra­
tion curve for oxy­
gen in rocks G-l
and W-l by neu­
tron activation

glVlng for G-l and W-l 48.51 and
44.81% oxygen, respectively. Con­
sidering the influence of the adsorbed
water on the total oxygen of a rock
powder, and the relatively poor pre­
cision with present nonspecialized equip­
ment, the difference between these and
the neutron activation data has to be
considered insignificant.

The cost of each determination in
terms of the decaying target was about
three dollars. The time required for one
determination was 5 to 10 minutes.
Improved targets, magnetic beam de­
flection, and operation at lower yields
but with larger crystals can undoubtedly
bring the target cost down to 25 to 50
cents per determination.

DISCUSSION AND CONCLUSIONS

The instrumental nondestructive neu­
tron activation analysis of oxygen in
rocks, minerals, and oxides is a fast and
relatively interference-free analytical
method. Because of insignificant inter­
ference it is comparable to absolute
methods. It makes independent checks
of totals of oxides in rock and mineral
analyses possible. When precision and
accuracy of this method are improved
by designing a dual transfer and count­
ing system, the determination of the
ferrous/ferric ratio in rocks may become
feasible. This will depend, however, on
our ability to achieve higher accuracy

0.50

1.00

0.75

o
N

J:.....
X

pIe weight of rocks G-l and W-l was
chosen to contain an amount of oxygen
comparable with the water sample.
A linear calibration curve was obtained
on samples of different density over the
range from 500 mg. to 1000 mg. of
oxygen, based on intensity ratios of
sample to water, (Figure 4). Numbers
near calibration points indicate number
of independent analyses. Milligrams of
oxygen are given per 1 cu. em. of powder.
The fact that the samples differ in
weight and density indicates that the
absorption effect of the high energy
gammas in these materials can be
ignored. This suggests negligible effects
due to the density of the sample in this
case. Eruch analysis is based on ap­
proximately 120,000 counts with no
detectable background.

The analytical results are compiled in
Table II. These results show that with
the nonspecialized equipment used it is
possible to determine oxygen directly
from rock powders with an accuracy of
about 5 to 10 p.p.t. The theoretical
oxygen content was calculated on the
basis of major oxides on as-received basis
as given by Stevens, page 78 (11).
Recently Ingamells and Suhr (5) have
partly reanalyzed and recalculated the
rocks G-! and W-l, taking into account
all trace element data available. As
expected, these data when converted to
equivalent oxygen, do correspond better
with the total oxygen determined by us,
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SCIENTIFIC COMMUNICATIONS

Behavior of Demeton in Electron Affinity Detectors
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grade by Chemagro Corp., Kansas
City, Mo.; it was used without fur­
ther purification. Systox is a mixture
of two isomers, thiono-Systox [0,0­
diethyl 0-2(ethylthio)ethyl phosphoro­
thioate] and thiolo-Systox [O,O-diethyl
S-2-(ethylthio)ethyl phosphorothioate];
the ratio of the thiono isomer to the
thiolo isomer is usually 60: 40. When
Systox was analyzed by gas chroma­
tography with electron affinity· detec­
tion, two major peaks were obtained as
expected. To identify the isomer
producing each peak, some Systox was
heated at 125°C. for 21/ 2 hours to con­
vert the thiono isomer to the thiolo
isomer (4), and another chromatogram
was obtained. Both chromatograms are
shown in Figure 2. The peak with the
shorter retention time was produced by
thiono-Systox; the other peak, by
thiolo-Systox.

RESULTS AND DISCUSSION

When the electron affinity detector
was operated in the normal mode,
Systox yielded a chromatogram with
two large peaks for both the d.c. and

Temperature: see Figure 2. Flow: see Fig­
ure 2. Detector: electron affinity, norma I
d.c. mode; polarizing voltage, 20 volts

1. Thiono isomer
2. Thiolo isomer

Figure 3. Chromatograms of Systox
obtained with detector in normal d.c.
mode
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Sample: 100 ng. in 1 JtI. of benzene.
Tem~erature: column, 130 0 C.; detector,
180 C.; inlet, 1900 C. Flow: column, 50
ml.fmin.; detector, 200 ml.fmin. Detectol'1
electron affinity, normal pulsed mode; polar­
izing voltage, 10 volts

1. Thiono isomer
2. Thiolo isomer

Figure 2. Chromatograms of heated
and unheated demeton (Systox)
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UNHEATED
ATTN X 4

gen, purified by passage through a
molecular sieve trap, was used as a
carrier gas for the d.c. measurements;
90% argon-lO% methane (The Mathe­
son Co., Inc.) was used as carrier gas
for the pulsed studies.

Electron Affinity Detector. The de­
tector was of the Lovelock design
(parallel plate), as shown in Figure 1.
In the normal mode of operation, the
column effiuent entered the detector
through the lOQ-mesh gauze and flowed
past the stainless steel-backed tritium
foil to the exit tube. In the reversed
mode, the gauze was removed, and
the carrier gas flowed in the opposite
direction. Hence, the column effiuent
flowed around the foil into the open
chamber and out the tube at the op­
posite end. In the reversed mode,
the detector operated in a similar man­
ner to some commercially available
electron affinity detectors; also, the
flow is the same as in the Lovelock
direct electron mobility detector (7).

Demeton. The demeton (Systox)
was furnished as analytical standard

NEGATIVE POLARITY
VOLTAGE

ELECTROMETER

Electron affinity detectorFigure

COLUMN
EFFLUENT

r--r'''-'--,-i ~ f-:-,-,...,..-r-,

"1':4--:+--100 MESH STAINLESS
STEEL SCREEN

. TRITIUM. STAINLESS
STEEL BACKED

SIR: Electron affinity detectors are
being more widely used in gas chroma­
tography for determining pesticides at
the submicrogram level. Halogen-con­
taining pesticides have been most com­
monly determined (3, 5, 16) because of
the high capture cross section of these
compounds for electrons; applications
of these detectors to some phosphate
pesticides have been reporr,ed (1, 13,
15). The behavior of some organic com­
pounds in electron affinity detectors have
been studied and the result;; have been
interpreted with regard to relative
electron affinities of the compoundR
(2, 9-12). This communication de­
scribes the behavior of one phosphate
pesticide, demeton (trade name Systox,
Chemagro Corp., Kansas City, Mo.),
in two electron affinity detectors; the
behavior of other phosphate pesticides
in several electron affinity detectors will
be described in a subsequent paper.
Demeton shows an anomalous response
in one of the detectors compared to other
halogenated and phosphfl,te pesticides
that we have studied. Although Rimilar
behavior has previously been reported
for one or two compounds (10), its
significance on the design of electron
affinity detectors and the interpretation
of chromatograms has been neglected.

EXPERIMENTAt

Apparatus. The gas chromatograph
was It Micro-Tek Model GC-2500 R,
equipped with a Micro-Tek GC 2500­
074 electron affinity detector and d.c.!
pulse variable voltage power supply.
The pulse voltage was nominally one
microsecond on and 50 microseconds
off. The column was 0.6 meter of 6­
mm. o.d. borosilicate glass tubing
packed with 2% SE-30 and 0.2%
Versamid 900 on 100- tc llQ-meshAna­
krom ABS. Commercial grade nitro-
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Table J. Response of Electron Affinity
Detector to Systox Isomers

Peak area (sq. em.)

3 VOLTS

5 VOLTS

Amount, -=;-:-Pu__Is--;oe;;;d;-:-~-=::-;--_D_.--;oc.=-c,--;-
ng. Thiono Thiolo Thiono Thiolo

10 10.0 5.42.7 2.2
25 23.4 17.6 5.0 3.0

100 49. 2 50.4 11 .0 9 .2

6

+--TIME (MIN)

15 VOLTS

tion occurs when the amount is large.
This reversal of behavior is clearly
shown in Figures 5 and 6.

The variation with polarizing voltage
in the shape of the peak produced by
each isomer when the detector was
operated in the reversed mode, is shown
in Figure 7. At and above 5 volts
thiono-Systox produced a double peak;
below 15 volts, electron capture pre­
dominates; above 15 volts, ionization
predominates. Thiolo-Systox shows
capture below 10 volts and ionization
above 10 volts.

Normal chromatograms, showing only
peaks resulting from electron capture,
were obtained for the voltage range up
to 60 volts with the reversed mode
detector for halogenated compounds

Figure 7. Variation of peak shape
with polarizing voltage

Sample: 15 ng. of Systox in 1 1'1. of benzene.
Temperature: column, 1350 C.; detector,
1700 C.; inlet, 180 0 C. Flow. see Figure 2.
Detector. electron affinity, reversed d.c. modp

1. Thiono isomer
2. Thiolo Isomer
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pulsed modes of detection as shown in
Figures 3 and 4. A similar detector has
been reported not to respond to Systox
(1). While the signal-to-noise ratio
produced by Systox was not as large as
for other phosphate pesticides studied,
good sensitivity was obtained. Al­
though the small peak following the
thiono-Systox peak was not positively
identified, it may be produced by the
sulfoxide. In all cases the detector was
operated at the polarizing voltage which
produced the maximum sensitivity on
the voltage-response curve. Peak areas
for both isomers, as measured with a
polar planimeter are given in Table 1.

Figure 6. Chromatograms of Systox
obtained with detector in reversed
pulsed mode

2 I

lOng AJ..1
ATTNX~V-~'

Because of the effect of the carrier gas
(2), the detector was more sensitive to
Systox in the pulsed mode than in the
d.c. mode.

When the electron affinity detector
was operated in the reversed mode, the
thiono and the thiolo isomers produced
a signal for both the d.c. and pulsed
modes of detection, as shown in Figures
5 and 6, but the thiolo isomer gave an
increase in current at all amounts of the
isomer. This increase must be produced
by ionization instead of electron capture.
The response of the detector to the
thiono isomer is dependent upon the
amount of the isomer in the detector.
Electron capture occurs when the
amount of isomer is small, while ioniza-

.Temperature. see Figure 2. Flow. see Figure
2. Detector. electron affinity, reversed pulsed
mode; polarizing voltage, 30 volts

1. Thiono isomer
2. Thiolo isomer
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Temperature: see Figure 2. Flow: see Figure
2. Detector. electron affinity, normal pulsed
mode; polarizing voltage, 10 volts

1. Thiono isomer
2. Thiolo isomer

Figure 4. Chromatograms of Systox
obtained with detector in normal pulsed
mode

~
I.

10 ng

ATTN. X I

Temperature. see Figure 2. Flow: see Figure
2. Detector: electron affinity, reversed d.c.
mode; polarizing voltage, 30 volts

1. Thiono isomer
2. Thiolo isomer

Figure 5. Chromatograms of Systox
obtained with detector in reversed
d.c. mode
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such as caibon tetrachloride and for
parathion and methyl parathion.

In gaseous electronic detectors
employing radioactive SOUl'ces to
provide a source of free electroDJ3, ioniza­
tion and electron capture must be
competing processes (6). The kind of
interaction that predominates will be
determined by the types and con­
centration of the compounds present in
the gas stream and by the geometry of
the detedor. Ionization as well as
electron capture may be produced at
low applied voltages at near-atmos­
pheric pressure with electrons. Otvos
and Stevenson (14) observed. ion pro­
duction in a number of gaseous hydro­
carbons upon irradiation with electrons
from carbon-14 and strontimu-90 while
Lovelock and Lipsky (10) observed an
increase in current for cyclohexane in an
electron affinity detector when radium
was used as the source. The latter
authors recognized that iOlllzation can
occur at higher applied voltages. Low
results obtained by Otvos and Stevenson
(14) for the apparent ionization cross­
sections of ammonia and Freon-12 are
readily explained by postulating that
the electron-capture process was com­
peting with ionization for these com-

pounds so as to produce a lower net
relative ion production.

The first peak in Figures 5 and 6 at
25 nanograms of Systox, and the first
peak in Figure 7 at voltages above 10
volts show maximum reversal when the
amount of the thiono-Systox in the
detector is a maximum. This change
from electron capture to ionization as
the concentration of the active com­
pound in the effluent increases, indicates
that both electron capture and ioniza­
tion can take place in the same detector
under the same operating conditions.
Detector design is an especially critical
variable for those compounds which will
both capture and ionize. These studies
show that the electron affinity detector
designed by Lovelock (7), in which
electrons move through the detector
against the flow of carrier gas, minimizes
the ionization phenomenon. The pulsed
mode of detector operation (8) will not,
however, eliminate interferences from
ionization in a poorly designed detector.
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Latent Heats of Vaporization from Distillation Rate Data

Table I. 'Results Obtained

SIR: The observation that the
temperature dependence of physical
rate processes follows the same re­
lationship as the tempemture depend­
ence of chemical processes (4) evolved
from a demonstration that chemical
kinetic principles apply when physical
reactions such as distillation, gaseous
effusion, and dialysis occur (6). The
following discussion shows that, for

distillation rate data, a relationship
exists between the energy of activation
as determined from the Arrhenius
equation and the latent heat of vaporiza­
tion.

The energies of activation were cal­
culated from the slopes of the lines in
the plots of log k V8. liT. Examples of
Buch plots for benzene and n-butanol
have been shown (4). By using these

All these data are presented in Table 1.
Calculations of the latent heats of

vaporization for formic and acetic acids
presented difficulties because of their
associating vapors. The values ob­
tained are based on a volatilization
forming the equilibrium vapor and de­
pend on the degree of association under
the conditions used. Because of the
uncertainties in the degrees of associa-

-(H.+C)
RT

k = Ae

values for the energies of activation, the
Arrhenius equation, k = Ae- E/ RT, was
solved for A. These values for A of the
compounds studied were in close
numerical agreement. Also, the pub­
lished values for the latent heats of
vaporization, H., at the boiling points
differed from the calculated energies of
activation by a fairly constant value, C.
It appears that the constants, A and C,
depend on the geometry of the distilla­
tion set up and include the work in­
volved in moving the vapor from the
surface of the liquid to the receiver.
Based on distillation rate constants and
on the average values obtained for A
and C, heats of vaporization were re­
calculated using the equation

10.47d

11. 31d

H. (kcaL
per mole),
literature

values
7.37a

6.84a

8.49a

10.45a

7.63b

7.64a

7.67"
9.73"

9.18
10.10

H. (kcal.
per mole)

calcd. using
avo A
andC

7.37
6.89
7.89
9.67
7.84
7.65
7.78

10.88

C =E-H.
(kcal.

per mole)
11.40
11.34
10.69
10.73
11.51
11.21
11.11
11.39
11.18
10.39
10.07

A (mole
per min.)

22.31
22.04
22.02
22.25
22.08
21.90
21.61
20.77
21.87
22.47
21.98

20.86
21.38

E
(kcal.

per mole)
18.85
18.18
19.18
2~1.16

19.19
J.8.85
18.75
~n.12

Compound
Benzene
Chloroform
Methanol
n-Butanol
Ethyl acetate
Methyl ethyl ketone
n-Butylamine
Water
Av.
Formic acid
Acetic acid

.. Ref. (5).
, Ref. (3).
8 Ref. (2).
"Ref. (1).
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tion for these acids, their values for A
and C are not included in the overall
averages shown in the table. The
latent heats of vaporization calculated
for these acids using the average values
obtained for A and C differ somewhat
from the literature values, indicating
that the degrees of association reported
(1) do not apply exactly to our experi­
mental conditions.
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Modification of Electron Probe to Detect Carbon

SIR: The electron probe can analyze
the atomic contents of a I-micron
cube at the surface of a solid sample
(2). This is achieved by focusing a 1­
micron diameter electron beam on the
sample and analyzing the emitted
characteristic x-rays in a vacuum
x-ray crystal spectrometer. The
crystal spacing, d, of generally available
crystals prevents the detection of ele­
ments with an atomic number less than
about 11 (sodium) because of the Bragg
law: nX = 2d sin 8.

An Applied Research Laboratory
electron probe has been modified to
detect carbon (Ra wavelength 44.0 A.)
by making two changes: A pseudo
crystal with a d spacing of ",50 A. has
been made of 200 monomolecular
layers of barium stearate by the Lang­
muir-Blodgett technique (8). Mono­
molecular layers of barium stearate are
successively picked up from an aqueous
substrate. The layers go on with the
barium end of the molecule alternating
up and then down. This creates a
layered structure consisting of planes of
barium atoms separated by a distance
roughly equal to twice the length of the
aliphatic carbon chain. The soap film
crystal was laid down on an ARL 4-inch
radius crystal backing plate. C. L.
Andrews (1) constructed a similar crystal
for x-ray diffraction work in 1940.

The C Ka pulse-height distribution
from the proportional counter for a pure
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Figure 1. Pulse height of carbon
Ka line distribution
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Figure 2. Scan across carbon Ka
line

carbon target is shown in Figure 1 and
the spectral line profile is shown in
Figure 2. The peak-to-background
ratio is approximately 25 to 1. The
ratio of 25 to 1gives an overly optimistic
estimate for the detection sensitivity of
carbon in steel, for example. To give
a more practical measure of carbon
sensitivity in a suitation where most of
the background would be coming from
iron as the major component, the
following experiment was done:

With the x-ray spectrometer set
correctly for carbon, the counting rate
decreased by a factor of 12 when the
target was shifted from carbon to iron.

A sample of cast iron containing flakes
of pure carbon was viewed in the
scanning mode of operation. Figure 3
is a photograph of the cathode-ray
tube which shows bright areas for carbon
flakes and dark regions for iron. The
snakelike regions of carbon are about 10
microns thick.

The operating conditions were: ac­
celerating voltage of electron beam 6 kv.
(higher voltage causes excessive white
radiation which in turn causes the soap
film crystal to emit secondary x-radia­
tion; electron beam current 0.2 j.l3.;
and electron beam diameter ",4 microns.
The proportional counter was filled

with P-1O gas (10% methane, 90%
argon) at atmospheric pressure. The
counter operating voltage was "'1200
volts. The central wire diameter was
0.0015 inch. The counter window Was
made of two superimposed layers (to
avoid pin holes) of collodion (4) each
2000 A. thick. The double window
was supported on a nickel mesh 250 lines
per inch, 50% transmission.
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Figure 3. Scan over cast iron sample
with carbon Ka radiation detection
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Chronopotentiometric Measurement of Adsorption by
Current Reversal

td = Tf - nFr/i. (2)

On reversal of the current, the dif­
fusing species reacts first, for a time
t/, given by

(4)

(5)ta ' = Tr - t/

The final reversal transition will occur
when the adsorbed species is com­
pletely oxidized,

An equation for the amount of specie5
adsorbed can be obtained by integration
of iadt from zero to ta', which yields

Calculation of r using the experimental
values of i., Th and T r, involves simul­
taneous solution of Equations 2, 3, 5,
and 6.

A computer program was written
which utilizes an iterative method for
calculating r when different values of
i., Th and T r are read in. Using this
program with current reversal chrono­
potentiometric data obtained during the
reduction of riboflavin and the oxidation
of iodide (5), r-values for adsorption of
leuco-riboflavin and iodine were cal­
culated (Table I). Data at long transi­
tion times are relatively insensitive to
small amounts of adsorbed species, and
were not included in the averages. The
value of r for leuco-riboflavin is in good
agreement with the value computed on
the basis of molecular models, 0.2 X
10-9 mole per sq. cm. (6). The value
for the adsorption of iodine, based on
the data of Osteryoung (5), agrees with
that found by Lorenz and Mtihlberg
(4), 0.5 X 10-9 mole per sq. cm., from
the direct chronopotentiometric reduc­
tion of Ia-. Using the atomic radius of
iodine, 1.35 A. and assuming the ef­
fective area of an iodine molecule to be
14.6 sq. A. a monolayer containing a
maximum of 1.1 X 10-9 mole per sq. em.
is calculated.

This model will hold rigorously only
when a polarographic pre-wave is
observed. When oxidation of the

F . [rr (ti - to')n r = 22. :; arc cos -r-r- -
~ (ti tal )1I2J - i. [(ta -: Tr) X

(
ta + ti - to') 2

arc cos ta + Tr - ;: {(ta +

ti) ta'l'''] (6)

detel'Inined. The current density con­
tributing to the oxidation of the ad­
sorbed species, ia , is then

(1)to = nFr/i.

where r i5 the amount of product
adsorbed, and i. is the current density.
During the remainder of the forward
transition time, ta, reduced species
diffuse5 into the solution.

The adsorbed layer of reduced species is
then oxidized. The current efficiency
for this last process is less than 100%,
however, because the reduced species in
solution continues to diffuse to the
electrode surface. The flux of the
diffusing reduced species during this
oxidation can be calculated by a pro­
cedure similar to that of Berzins and
Delahay (1), and the current density at
any time contributing to the oxidation
of the diffusing species, i a, can be

metric data, and gives results for the
adsorption of iodine on platinum and
leuco-riboflavin on mercury.

Various theoretical models for the
process can be constructed, based upon
assumptions concerning the relative
formation and electrolysis of the ad­
sorbed and the diffusing species, and
different adsorption isotherIllS. A con­
venient model, especially useful for
reversible electrode reactions, is based
upon the concepts of Brdicka (2).
Although the following discussion will
consider a reduction followed by a
current reversal oxidation, where the
reduced species is assumed to be ad­
sorbed, the final results will hold equally
well for an initial oxidation followed by
a reduction. Brdicka (2) has postulated
that an adsorbed species is in a lower
free energy state than a solution
species, so that during the initial re­
duction the reduced species will first
form an adsorbed monolayer, and then
diffuse into the solution. Upon current
reversal, the diffusing species will be
oxidized first, and then the adsorbed
monolayer. Therefore during the initial
reduction, the flux of reduced product
into the solution will be zero until time
to, when the formation of the adsorbed
monolayer is completed.

0.038 97 30
0.050 48 19 0.18
0.062 28 13 0.50
0.120 6.8 3.6 0.48
0.190 3.0 1.7 0.43
0.250 1.5 0.£14 0.41
0.310 1.0 o :'1 0.51

l', X 109
ie, mole

rna. per Tf, Tr, per sq.
sq. em. sec. sec. em.

0.0413 40.4 15.8 0.15
0.0561 24.7 9.7 0.13
0.0811 10.9 5.0 0.26
0.114 6.0 2.8 0.22
0.189 3.0 1.6 0.34
0.233 1.8 1.0 0.30
0.316 1.2 0.70 0.36
0.454 0.80 0.50 0.40

Table I. Calculated Values of r from
Current Reversal Data for Reduction
of Riboflavin and Oxidation of Iodide

Ion

r av•• (exc:luding first two measurements)
is 0.31 ± 0.07 X lO-g mole per sq.
em.

A. RIBOFLAVIX. The solution contained
0.08mM riboflavin and 0.5M H2SOc lM
N8.2S0. buffer. The mercury electrode
area was 3.08 sq. em. (6)

B. IODIDE ION. Data of Osteryoung (5).
The solution contained ImM iodide and
1M H2SO.. The platinum electrode had
an area of 1.6 sq. em.

r a • g . (excluding first two measurements)
is 0.47 ± 0.05 X 10-' mole per sq.
em.

erR: The determination of the
amount of an electroactive specie3
ad50rbed at an electrode is of current
interest. The ehronopotentiometric
measurement of the amount of reactant
adsorbed was described first by Lorenz
(3); other work has recently been
reviewed (6). Generally adsorption of
the reactant causes i Q T 1!2 to increase as
T decreases. The extent of adsorption
oi the product of the electrode reaction
can be studied by current reversal
chronopotentiometry. Osteryoung (5)
recently studied the iodide-iodine
system by this technique and showed
experimentally that when the product
of the electrode reaction is adsorbed,
the reverse transition time, T r ,

approache3 the forward transition time,
Thin magnitude. This communies.tion
presents a theoretical model for the
calculation of the e},.-tent of adsorption
from current reversal chronopotentio-
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adsorbed product occurs simultaneously
with oxidation of the diffusing species,
calculations· based on this model will
yield a value of r which is somewhat
low. As in all cases of chronopotentio­
metric measurements of adsorption, the
value of r obtained must be regarded as
an estimate. A subsequent communica­
tion will further discuss the model pre­
sented here, as well as other models for
current reversal chronopotentiometry.
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Solvents for Phosphorimetry

8IR: The development of phospho­
rimetry as a means of analysis is highly
dependent on the availability of solvents
which form clear rigid glasses rather
than cracked glasses or snows when
cooled down to liquid nitrogen tempera­
ture. Phosphorimetry as a means of
chemical analysis was introduced in
1957 by Keirs, Britt, and Wentwor'th
(1). In 1962 a review by Parker and
Hatchard (2) appeared. In 1963,

Winefordner and Latz (3) analyzed
small concentrations of aspirin in blood
with negligible interference and indi­
cated that phosphorimetry could be
applied to the quantitative analysis of
trace concentrations of drugs in
biological fluids. For the method of
phosphorimetry to be used, suitable
solvents must be readily available.
Therefore, in this brief communication a
large number of solvents which had

been previously described in the litera­
ture were studied in order to determine
the number and kinds of solvents which
will form clear rigid glasses at liquid
nitrogen temperature.

In Tables I and II a large number of
solvents and solvent mixtures, which
had previously been purified by dis­
tillation, column chromatography over
alumina, etc., are listed according to
type and behavior on cooling down to

Table I. Behavior of Solvents upon Rapid Cooling with liquid Nitrogen

Frequency Frequency
of forming of forming

Form of media cracks Possibility Form of media cracks Possibility
Kind of solvent at 77° K. or snow for use Kind of solvent at 77° K. or snow for use

Hydrocarbons Di-isopropyl ether Snow 10 out of 10 Not usable
Pentane (tech.) Clear glass 00utofl0 Excellent 1,4-Dioxane Snow 10 out of 10 Not usable
Petroleum ether Clear glass 1 out of 10 Good

Alkyl halidesHerrtane Clear glass 9 out of 10 Not usable
To uene Clear glass 10 out of 10 Not usable Carbon
Methyl cyclohexane Clear glass 9 out of 10 Not usable tetrachloride Snow 10 out of 10 Not usable
Iso-octane Snow 10 out of 10 Not usable Chloroform Snow 10 out of 10 Not usable
Cyclohexane Snow 10 out of 10 Not usable Bromoform Snow 10 out of 10 Not usable
Benzene Snow 10 out of 10 Not usable Dichloromethane Snow 10 out of 10 Not usable
m-Xylene Snow 10 out of 10 Not usable Tetrachloroethylene Snow 10 out of 10 Not usable
Hexane Snow 10 out of 10 Not usable I-Bromopropane Snow 10 out of 10 Not usable

Bases and N-containing
2-Chloropropane Snow 10 out of 10 Not usable
1,2-Dibromo-

Compounds ethylene Snow 10 out of 10 Not usable
Triethylamine Clear glass 5 out of 10 Poor 2-Bromobutane Cloudy glass 2 out of 10 Good
Triethanolamine Clear glass 10 out of 10 Not usable 2-Bromopentane Snow 10 out of 10 Not usable
Dimethyl

formamide Glass or snow 10 out of 10 Not usable Alcohols
Isopropylamine Clear glass 10 out of 10 Not usable Methanol Clear glass 10 out of 10 Not usable
Pyridine Snow 10 out of 10 Not usable Ethanol Clear glass 1 out of 10 Good
Diethylamine Snow 10 out of 10 Not usable n-Propanol Clear glass 2 out of 10 Good
Dipropylamine Snow 10 out of 10 Not usable Isopropanol Clear glass 90utoflO Not usable
Formamide Snow 10 out of 10 Not usable n-Butanol Clear glass 4 out of 10 Poor
N,N-dimethyl- Isobutanol Clear glass 10 out of 10 Not usable

formamide Snow 10 out of 10 Not usable 4-Chloro-l-butanol Clear glass 10 out of 10 Not usable
Acetonitrile Snow 10 out of 10 Not usable Isoamyl alcohol Clear glass 8 out of 10 Poor

Ethers Glycerol Clear glass 10 out of 10 Not usable
Diethyl ether Clear glass 1 out of 10 Good Ethylene glycol Snow 10 out of 10 Not usable
Di-n-propyl ether Clear glass 9 out of 10 Not usable Miscellaneous
Di-n-butyl ether Clear glass 9 out of 10 Not usable Acetone Snow 10 out of 10 Not usable
Methyl cellosolve Clear glass 10 out of 10 Not usable Methyl isobutyl
Ethyl cellosolve Clear glass 10 out of 10 Not usable ketone Snow 10 out of 10 Not usable
Butyl cellosolve Clear glass 10 out of 10 Not usable Acetic acid Snow 10 out of 10 Not usable
Dimethoxymethane Snow 10 out of 10 Not usable Formic acid Snow 10 out of 10 Not usable,
Ethyl cellosolve Perfluorocarbon

acetate Snow 10 out of 10 Not usable oil (Kel F) Snow 10 out of 10 Not usable
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Poor

Good

Possibility
for use

Not usable
Not usable
Good
Good
Not usable
Good
Good
Good
Not usable
Good
Good
Good
Excellent
Excellent
Excellent

Poor
Not usable
Not usable
Not usable
Not usable
Good
Excellent
Excellent
Good
Not usable

4 to 1 Snow 10 out of 10
4 to 1 Snow 10 out of 10
5to1to9to1 Clear glass 2 out of 10 to lout of 10

11 to 1 Clear glass lout of 10
Itoltolto2 Snow to glass 10 out of 10 to 8 out of 10
2 to 1 Clear glass 3 out of 10

19 to 1 Clear glass 3 out of 10
<20 to 1 Clear glass 3 out of 10

10 to 1 Snow 10 out of 10
<20 to 1 Clear glass 3 out of 10
<20 to 1 Clear glass 3 out of 10

8to2tol Clear glass lout of 10
5to5to2 Clear glass oout of 10

12 to 1 Clear glass oout of 10
2to5to5 Clear glass oout of 10

10 to 9 to 1 Clear glass lout of 10

1 to 16 to 4 to 2 Clear glass 4 out of 10

1to1to1to
0.1 M HCI Cloudy glass lout of 10

2 to 1 Clear glass 10 out of 10
1 to 1 Clear glass 10 out of 10
2 to 1 Clear glass 10 out of 10
4 to 1 Clear glass 10 out of 10
1 to 2 to 10 Clear glass 2 out of 10
1 to 1 Clear glass oout of 10
4to1to3to2 Clear glass oout of 10
2 to 1 Clear glass lout of 10

Snow 10 out of 10

Beho'vior of Solvent Mixtures upon Rapid Cooling with Liquid Nitrogen
Volume Form of media Frequency of forming
ratio at 77° K. cracks or snow

Table II.

Mixture
l,4-Dioxane: diethyl ether
1,4-Dioxane: heptane
Ethanol: methanol
Ethanol: glycerol
Carbon tetrachloride: pet. ether
Ethanol (96%):diethyl ether
Ethanol: concentrated HCl
Ethanol: water
Ethanol: water
Ethanol:NH3 (28% aqueous)
Ethanol: NaOHa
Ethanol: methanol: diethyl ether
EPA (diethyl ether: isopentane: ethanol)
EPA: chloroform
Triethylamine: diethyl ether, n-pentane
Diethyl ether:ethanol:NHa

(28% a'iueous)
Dimethyl .,ormamide:ethanol:

n-penta.ne: diethyI ether
Ethanol: diethyl ether, n-pentane: HCI

(cone.)

Methyl cellosolve: n-pentane
Methyl eellosolve: ethanol
Methyl cellosolve: triethylamine
Methyl cellosolve: water
Ethyl cellosolve:n-butanol:n-pentane
n-Pentll.ne: n-heptane
Methyl cyclohexane: n-pentane
n-Propyl ether:n-pentane
Methanol saturated with KI

a 0.5% aqueous solution by weight of NaOH.

liquid nitrogen temperature. The re­
sults were obtained by taking the desig­
nated solvent, placing it in a quartz
sample tube as previously described (3)
and cooling the tube in a clear Dewar
flask containing liquid nitrogen. The
cooling process is observed and the final
media are described in Tables I and II
as being a clear glass, a cracked glass, or
a snow. Also the frequency of cracking
or forming a snow is given. No results
on phosphorescence background for the
solvents are given beca'use the back­
ground. is highly dependent on trace
impurities which do not affect the type
of rigid media formed at liquid nitrogen
temperature.. A solvent which forms a
rigid clear glass most of the time may
have to be specially purified for use in
analysis or in many cases can be ob­
tained commercially (e.g., the fluo­
rescence grade solvents of Hartman­
Leddon Co., Philadelphia 43, Pa.).

It must be particula:rly stressed that
if t,he sample tube is <lirty or contains
scratches, the solvent will generally
crack on cooling. Alao if the sample
tube is struck against the side of the
Dewar flask during cooling, the vibra-

tion many result in cracking. Just as in
the process of precipitation where the
availability of nucleation sites results in
growth of the crystals, the availability
of small dust particles or scratches ap­
parently results in sites for cracking.

From the results given in Table I, it
can be seen that there are relatively few
pure solvents which forin clear rigid
glasses the majority of the time. Only
pentane (technical grade) and petroleu n
ether (300 to 600 C.) are good hydro­
carbon solvents. The only basic solvent
which can be used at all is triethyl­
amine. Of the ethers only diethyl ether
can be used with good results. Of the
alkyl halides only 2-bromobutane can
be used. Both ethanol and n-propanol
form clear rigid glasses most of the time.
However, n-butanol will occasionally
form an uncracked glass. No ketones or
acids were found to form clear and un­
cracked glasses. From the results in
Table II it can be seen that a number
of mixtures form clear glasses without
cracks or snow the majority of the time.
As long as the amount of water in
ethanol is kept below approximately
5%, ethanol with most any other cotn-

ponent forms a good media for analysis
To prepare any of the ethanol solutions
it is best to start with absolute ethanol
and dilute. Of course, EPA (J, 3) is one
of the best mixtures. In addition,
mixtures containing n-pentane are
usually excellent solvents for phospho­
rimetry. The solvents listed in Tables I
and II represent solvents used for
phosphorimetric studies found in the
literature over the past 50 years. As
is evident in the Tables, only relatively
few of the solvents are of any use for
phosphorimetric analysis.
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Application of Electron Spin Resonance to the
Determination of Hydroperoxides
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Figure 2. Semilogarithmic plot of
concentration of DPPH and R in
benzene after peroxide is added vs.
time
o or D,C, 4: DPPH concentration after addi.
tian of CHPO (cumene hydroperoxide, 4
mmoles per liter) 0 or R,C,4. R concentration
after addition of CHPO (4 mmoles per liter) ell
or 0,8,4: DPPH concentration after addition
of BHPO (ferf-butyl hydroperoxide, 4 mmoles
per liter). £:,. or R,8,4: R concentration after
addition of BHPO (4 mmoles per liter)
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spectrum obtained when the reaction is
still taking place is a hybrid of the
quintet and the triplet. The slight
difference in g-factor between the triplet
and the quintet makes this hybrid
spectrum asymmetric. The con­
centration of the transformed free
radical R (giving rise to the triplet) can
be estimated by an analysis of this
spectrum. The relation between the
concentration of added BHPO and the
percentage of decomposed and trans­
formed DPPH, is shown in Figure 3.
It can be seen that the rate of de­
composition of DPPH shows a greater
dependence on the concentration of
BHPO than the rate of the transforma­
tion of DPPH.

13
16

solution. From the experimental rela­
tion for the decay of the concentration
of DPPH, it can be concluded that the
hydroperoxides are not themselves con­
sumed in the decomposition. During
the reaction the ESR spectra observed
are always the same as that of a solution
of DPPH in benzene to which no hydro­
peroxides are added. However, when
a large excess (beyond saturation) of one
of these hydroperoxides is added to a
benzene solution, the spectrum ob­
served 10 hours after the addition of the
hydroperoxide consisted of three lines.

When BHPO is added to a solution of
DPPH in benzene an effect similar to
that observed by CHPO is found.
However, the reaction of BHPO with
DPPH is faster than that of CHPO with
DPPH. The decay and transformation
of DPPH is, as is shown in Figure 2 and
Table I, not complete. Therefore, the

When CHPO is added to a solution
of DPPH in benzene, both decay and
transformation of the ESR spectrum
take place even when the concentration
of CHPO is small. The original five
spectral lines caused by DPPH are grad­
ually replaced by a triplet. When the
concentration of CHPO is 4 mmoles per
liter, a considerable amount of the
triplet lines is observed, as shown in
Figure 2. As seen in Figure 2, the
chemical species giving rise to the
triplet is not perfectly stable. When
different solvents are used, the rates of
conversion of the original quintet into
the triplet are different, as shown in
Table 1. In Table I, the original con­
centration of the solution of DPPH is 2
mmoles per liter except in the solution
of DPPH in cyclohexane, where the
solubility of DPPH is about 0.5 mmole
per liter at 200 C.

EFFECT OF ferf·BUTYL HYDROPEROXIDE

EFFECT OF CUMENE HYDROPEROXIDE

Table I. The Percentage Conversion of Quintet into Triplet after 10 Minutes

Solvents Benzene Toluene Oyclohexane 0014

Hydroperoxides,
mmole/1.

400HPO
lOBHPO

4mM CPBA

EFFECT OF ADDITION OF PAA OR CPBA

The solutions of 1,1-diphenyl-2-picryl
hydrazyl (DPPH) in benzene and, in
the case of tert-butyl hydroperoxide
(BHPO) in several other solvents, were
prepared. To these solutions, BHPO
(containing 10% of tert--butyl alcohol),
cumene hydroperoxide (CHPO), per­
&cetic acid (PAA) or meta-chloroper­
benzoic acid (CPBA) was added and
&fter a definite interval of time the
ESR spectra were observed. The ESR
measurements were made on an X-band
spectrometer at room temperature and
the spectra were recorded as the second
derivatives. The solvents used were
reagent grade and were not treated to
remove any dissolved oxygen.

SIR: Electron spin resonance (ESR)
is extensively used in the studies of free
radicals as well as in the studies of
paramagnetic salts. However, there
&re few examples in which ESR has
significant importance as an analytical
technique.

The experimental result, which is re­
ported in this paper, will find an ap­
plication to the determination of hydro­
peroxides in a solution.

i
.§ -0.5
in
o

- 1.0 '-',1-00:0-----:-1::-::-"'----':-,---:::,5':-0'::'"0-

The semilogarithmic plots of the con­
centration of DPPH, after the hydro­
peroxides are added, VB. time are shown
in Figure 1. The curve obtained after
the addition of CPBA shows that the
DPPH is decomposed exponentially
with respect to time. In the case of
PAA, the curve deviates from the
straight line. This may be attributed to
the gradual decomposition of PAA in the

Figure 1. Semilogarithmic plot of
concentration of DPPH in benzene
after hydroperoxide is added, vs.
time

CPBA: metachloro perbenzoic add. PAA:
peracetic add. Initial concentration of DPPH
is 2 mmoles per 1 as shown in fig ure
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may account for the fact that an ex­
change interaction for the species R is
not observed.
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lITERATURE CITED

(1) Hutchison, C. A., Pastor, R. C.,
Kowalsky, A. G., J. Chern.. Phys. 20,
534 (1952).

(2) Ueda, H., Kuri,Z., Shida, S.,lbid., 36,
1676 (1962).

'"if>
~o.oo

'"o

2.00

;;-
.~ 1.00

~

of DPPH occurred only in the presence
of tertiary hydroperoxides. This has
been shown incorrect, though the rate
of transformation of DPPH in the
presence of per acids is very small.

0: When hydroperoxide is not added. .:
When BHPO is added to 2.5 mmoles per liter

Figure 4. logarithmic plot of ESR
intensity YS. concentration of DPPH
in benzene

0.5 1.0 1.5

log·c(mM/I)

ANALYTICAL APPLICATION

The typical technique for the deter­
mination of hydroperoxides is iodom­
etry. Iodometry, however, does not
determine different types of hydro­
peroxides separately from their mixture.
In some instances it will be desirable to
know the amount of a particular type of
hydroperoxide in a mixture of many
different hydroperoxides such as pri­
mary, secondary, tertiary, etc., as the
reactivity of a hydroperoxide depends
greatly on its structure. The different
reaction rate constants presented here
will be useful in such cases, although no
stoichiometric relation between DPPH
and hydroperoxides has been found.

(3)DPPH--A

-k1 (DPPH)o (HP02)oO.2

(1')

d (DPPH) = -k
2

(DPPH)OI.5 (2')
dt

d (DPPH)
dt

RATE CONSTANTS FOR BOTH REACTIONS

On the basis of these results, the
reaction between DPPH and hydro­
peroxides will be formulated as:

DPPH + 0.2 HP02 -- X -- A +
0.2 HP02:k1 (1)

DPPH + 1.5 HP02-- R:k2 (2)

where, HP02 denotes the hydroperoxide,
X denotes some decomposition inter­
mediate, and A denotes the final non­
paramagnetic species, and k1 and k2 are
rate constants, k1 being the overall rate
constant for the reaction,

The proportions of HP02 appearing in
Equations 1 and 2 were determined from
the slopes of the curves in Figure 3.

The values of k1 for various hydro­
peroxides were estimated from the
initial slopes of the curves in Figure 1
and Figure 2. The initial velocities for
the reaction 1 and 2 will be,

If the ratio of initial rates of disap­
pearance of DPPH in reaction 1 and 2
is approximated by the ratio, l/r, of the
amount of DPPH which disappeared in
reactions 1 and 2 after the reaction for
the first 10 minutes, then

k.
r = --=. (HP02).1,3 (4)

k1

Thus k 2 can be estimated from k1 and r.
The values of k1 and k2 derived in this
manner are listed in Table II.

In the earlier communication (2) the
authors stated that the transformation

c
o
'Vi
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~10
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o
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I og.c (mM/ I)
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The intensities of the ESR spectra of
the solutions of DPPH. at various con­
centrations and befor~ and after the
addition of BHPO, are compared when
the concentration of BHPO is the same
in each case--i.e., 2.5 moles per liter.
It is shown in Figure 4.

A solution of DPPH exhibits an
exchange interaction phenomenon when
the concentration is greater than some
value between 2 and 9 mmoles per liter
(1). Howe,'er, it can be seen f:~om Fig­
ure 4 that when the concentration of
DPPH is 30 mmoles per liter, 1;he addi­
tion of BHPO decreases the intensity of
the ESR spectrum to less than] /100 and
it is this deerease in concentra.t\on which

Figure 3. Lc)garithmic plot of per­
centage conversion of DPPH to A and
R at 10 minutes after addition of
BHPO YS. concentration of BHPO
{initial concentration of DPPH in ben­
zene 2 mmoles per liter}

.--.. 1.5
o

0-

Table II. The Values k1 and k2 for Various Hydroperoxides

Hydro­
peroxides

k1

k2

CPBA PAA
2.1 X 10-3 1.8 X 10-3

less than 10-7

BHPO
4.7 X 10-2

1.6 X 10-4

CHPO
4.0 X 10-3

5.8 X 10-6
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CORRESPONDENCE

Liquid Chromatography with Operating Conditions Analogous to
Those of Gas Chromatography

will be the same in the two systems.
The average particle diameter is
denoted by dp • The quantity h will be
called the reduced plate height (4, 5).
One finds that h will be the same in two
systems providing comparable con­
ditions exist in both the mobile phase
and in the stationary phase. Analogous
mobile-phase conditions will exist if the
reduced flow velocity

SIR: Under a title similar to the
above, Rarr, Childers, and Warner
recently described a successful liquid
chromatographic (LC) system based on
considerations of gas chromatography
(GC) (7). The former was made
analogous to the latter through the use
of long narrow tubing, column packing
that can be used indefinitely, a single
carrier fluid, automatic recording, and
reproducible retention volumes. It is
the purpose of this note to add that a
full analogy must also involve con­
siderations of column efficiency. (A
distinction should perhaps be made
between analogous systems, a concept
applying essentially to the quoted work,
and analogous operating conditions as
discussed primarily here.) Factors
affecting column efficiency have been
extensively investigated in gas chro­
matography (3), and their application
has led to considerable advancements in
improving resolution, analysis speed,
etc. (1). The lessons learned in this area
of gas chromatography can also be
applied to liquid chromatography
through the use of a reduced plate height
equation. This assertion is based on the
recent development of a universal
equation, applicable to nearly all
chromatographic systems (5). This
equation will be used here to obtain the
parameters for liquid chromatography
which are analogous to those which lead
to optimum operation in gas chro­
matography.

The measure of column efficiency in a
chromatographic column is· the plate
height H. This quantity may be
obtained from an elution diagram by the
equation H = Lr21t2, where L is the
column length, r is the standard devia­
tion of the Gaussian or near-Gaussian
zone profile and t is the retention time.
If the conditions in two chromato­
graphic systems are truly analogous then
the ratio

Values of C., the mass transfer coef­
ficient for the stationary phase, have
been determined from gas chromato­
graphic data (2, 9). (In gas liquid
chromatography, C, is usually written
as CO

The foregoing parameters form a basis
for the reduced plate height equation
which may be written in approximate
form as (5)

(with similar d,,) would have an opti­
mum velocity of ,..,,10-4 cm. per second.
This low velocity would seriously hinder
any attempt to obtain a rapid analysis.
[Experimental values, (6, 10, 11) con­
firm this prediction in a general way,
although occasional values higher than
this indicate that the operation is not
entirely analogous.]

If the parameter nis to be the same in
LC as in GC, then the C, value for LC
must be ,..,,105 times larger than in GC
for a similar value of d". Since C,
values in efficient GC columns are
,..,,10-3 second, the corresponding LC
value is ,..,,102 second.

The numerical values just given for
analogous parameters depend on the
simplifying assumption that d" values
are about the same. This is not neces­
sary to keep the dynamic processes
analogous and certain advantages may
be found in reducing d" in LC. The
reason for this is that the length of
column and thus resolution is often
limited by the pressure drop which can
be used to force the fluid through the
column. If d" is the same in the two
systems and v is 105 times slower in LC;
then, since viscosity, '1/, is only about 102

times larger in liquids than gases, the
pressure drop in the analogous liquid
system will be 10-3 times that in the gas
system. One can then use smaller
particles, a change that will give a
higher optimum velocity, and a column
which will provide the same resolution
in a shorter length. The details of this
argument are too long to reproduce here,
but, assuming the same ratio as stated
above for diffusivities and viscosities,
and assuming that the two systems are
operated with the same pressure drop,
then for the fastest analysis the particle
diameter for LC will be about 1/30

of that for the analogous GC system
(this number is a result of d" being
proportional to V '1/ Dm ). This will in­
crease the optimum velocity by a factor
of 30 over that previously assumed.
At the same time the column length re­
quired for the same separation will be
reduced by ,..,,30. Thus the analysis
speed will be approA'imately 1000 times
faster than previously indicated, and
will be only 100 times slower than an
analogous GC separation-i.e., analysis
time will be proportional to viscosity.
There are some considerations which
might improve this factor even further-­
e.g., the high pressure drops that might
be encountered will increase the value

(3)

(4)2')' "" 1
h = -; + nIl + L.J 1/2Ai + l/wi"

is the same in both systems (4, 5). The
quantity vis the mean cross-sectional flow
velocity and Dm the diffusion coefficient
of the component in the mobile phase.
Analogous stationary phase conditions
will exist (ignoring longitudinal diffusion
in the stationary phase) if the ratio
C,vld" is held the same W. This
dimensionless quantity may be written
as nIl where n is the reduced mass trans­
fer coefficient for the stationary phase

Workers in gas chromatography will
recognize the longitudinal diffusion term
with the obstruction factor 'Y and the
inverse dependence on velocity; the
liquid mass transfer term, proportional
to velocity; and the coupling expression
which contains the parameter Ai of eddy
diffusion and Wi of gas phase mass
transfer. These constants, 'Y, Ai, and
Wi, are structural factors and should be
essentially the same in any chromato­
graphic column. If this is so, and if
II and 12 are designed to be equal in the
two systems, then the above equation
shows that h will also be the same, as
postulated previously.

It is instructive to discuss the
numerical magnitude of the parameters;
II and 0, which will give analogous per­
formance in the two columns. Since the
diffusion coefficient, Dm , is approxi­
mately 105 times larger in gases than
liquids, and since the particle diameter,
dp, is usually the same order of magni­
tude, then the flow velocity v must be
,..,,105 times slower to make LC con­
ditions analogous to those in GC. It has
long been known that an H (or h)
VB. V (or II) plot shows a minimum at
some particular velocity and that this
corresponds to the maximum resolutioD
of the column (1). This optimum
velocity is about 10 cm. per second in
GC. Thus an analogous LC column

(1)

(2)

h = H/df1

" = dpV/Dm
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of DOl for GC, and high pressures will be
more feasible in LC because of the re­
duced danger of explosion. Difficulties
encountered in using very fine packing
will naturally require attention. Con­
siderations similar to these-i.e., in­
creasing analysis speed with a limited
pressure drop-have been discussed for
GC by Knox (8).

The foregoing treatment has indicated
the magnitude of the parameters needed
to make LC fully analogous to GC.
It is found that such analogous condi­
tions put LC at a distinct disadvantage;
the time required for analysis is in­
creased by a factor of from 102 to 105•

It is thus natural to inquire if analogous
conditions are really the m.ost desirable
conditions. We have indicated, for
instance, that the mass transfer coef­
ficient for the stationary phase, G.,
should be considerably larger in LC than
in GC for analogous conditions. In GC
this term is generally large enough to be
very significant in limiting resolution
and analysis speed. It would be equally

harmful in LC under analogous con­
ditions. It is probable that G. can be
reduced well below its GC analog in
most LC systems; in some cases the
actual value of G. should be comparable,
which means that the reduced transfer
parameter, fl, is ",105 times less in LC
than analogous conditions would de­
mand. If C. can thus be rendered
negligible in LC, higher reduced veloc­
ities are probably feasible without the
severe loss of resolution expected for
such an increase in GC. This would
improve analysis speed in LC con­
siderably.

The brief treatment given here
indicates that column parameters can
undoubtedly be found that will make
column performance in LC fully
analogous to those in GC. This path
may be profitable in acquiring all
possible advantages of the GC tech­
nique. However, some of the dis­
advantages of LC should be avoided by
the intentional departure from the GC
analog.
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Direct Coulometric Titrations with Hypobromite Ion

Sm: The coulometric titration of
ammonia with electrolytically generated
hypobromite ion developed by Arcand
and Swift (1) has been very useful.
Recently, an extension of the method to
organic nitrogen compounds was made
(2).

The technique used by Arcand and
Swift involved generation of BrO- in
basic solution until beyond the titration
end point, acidification of the solution,
and determination of the excess bromine
either by a cuprous ion back-titration
or a further generation of bromine with
an amperometric titration plot. A sim­
ple titration to a fixed current level in

Table I. Direct Coulometric Titration
of 10.2 Micromoles of Ammonium

Chloride with Hypobromite Iona

Micromoles Micrumoles
Br NH4CI

Run consumed found

basic solution could not be made because
the indicator electrode currents were not
sufficiently stable. Both of the meth­
ods for end point detection developed by
Arcand and Swift suffer from two major
faults: an extra step, and possible source
of error, is added to the method and the
oxidized species may react with the
bromine in acid solution. The latter
item, in particular, is important since it
limits the applicability of the method.
Therefore, a study was made to see if
the end point detection might be simpli­
fied.

EXPERIMENTAL

Reagents. A buffer containing 10
grams of sodium tetraborate deca­
hydrate and 500 grams of potassium
bromide per liter was used for all

titrations. All other chemicals were
reagent or U.S.P. grade and were
used without further purification.

Apparatus. Two different coulom­
eters were used for the study. One
consisted of a Sargent Constant
Current Power Supply (No. 30974)
and a Simpson 50-~a. meter with a 1.5­
volt battery and variable resistor for
the indicator system. The other cou­
lometer used a Regatron Constant Cur­
rent Power Supply, Model C 612-A
(Electronic Measurements Co., Inc.),
Model 8-10 Precision Timer (Standard
Electric Time Co.) and a 10-0-10 JLa.
meter (Assembly Products, Inc.) with a
1.5-volt battery and variable resistor
for the indicator system. A platinum
anode and isolated platinum cathode
(Leeds and Northrup Co.) and two
platinum wire detecting electrodes com­
prised the titration cell assembly. A

HECfROlVSISilME ••ec.

Figure 1. Representative plot for direct coulometric titra­
tion of ammonia with hypobromite ion

10

"0'"o 100
oH~

1 30.9 10.3
2 30.9 10.3
3 30.9 10.3
4 30.9 10.3
5 30.7 10.2
6 30.7 10.2
7 31.0 10.3
8 31.9 10.6
9 30.9 10.:3

1O~ 31.1 lOA
Mean IO.it

<T ±0.11
a Titrations carried out at 19..a rna.

current.
~ Titration <'arried out at 9.65 rna.

current.
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Table II. Direct Coulometric Titration
of Sulfamic Acid with Hypobromite Ion

(1) Arcand, G. M., Swift, E. H., ANAL.
CHEM. 28, 440 (1956).

(2) Krivis, A. F., Microchem. J. 5, 559
(1961).
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Micromoles
NH.SO.
found
5.03
5.06
5.00
4.97
4.97

10.55
10.75
10.58
10.58
10.71
14.18
10.68
7.48
3.80

9.65
9.65
9.65
9.65
9.65

22.0
22.0
22.0
22.0
22.0
19.3
19.3
19.3
19.3

Generating
current,
ma~

Micromoles
NH.SO.
added
4.98
4.98
4.98
4.98
4.98

10.6.6
10.66
10.66
10.66
10.66
14.22
10.66
7.11
3.56

titration was essentially constant and
then increased in a nonlinear fashion
after the end point. However, an ex­
trapolation to the end point was easily
and reproducibly made. Since the cur­
rent during the titration was constant,
it was necessary to record only one or,
at most, two points prior to the end
point. A blank titration was carried
out in the same manner and the time
was subtracted from the titration of the
unknown. At a generation current of
19.3 rna., the blank titration was 3.5
seconds with the sample titration ca. 158
seconds.

Table I lists the data for 10 determi­
nations of ammonium chloride. The
standard deviation for the 10 analyses
was ±0.11 with a mean of 10.3 micro­
moles of ammonium chloride. The
experimentally-found mean deviated
from the true value by 0.1 micromole.

Table II shows the results for various
concentrations of sulfamic acid. In­
cluded in the data are two sets of
replicate analyses. In one set of repli­
cate analyses, the standard deviation
was ±0.04 with a mean of 5.01 micro­
moles and in the other it was ± 0.09
with a mean of 10.63 micromoles. The
former mean deviated from the true
value by 0.03 micromoles and the latter
by 0.03 micromoles also.

RESULTS AND DISCUSSION

Although the indicator currents in
basic solution were not stable enough for
titration to a fixed current level, it was
thought that a plot of the indicator
current as a function of electrolysis time
might be suitable for analytical pur­
poses.

Figure 1 shows a typical curve for the
titration of ammonium chloride. The
current prior to the end point of the

small voltage (0.15 volt) was impressed
across the detecting electrodes.

Procedure. A suitable-sized sam­
ple was transferred to a 100-m!.
beaker, 10 m!' of buffer solution were
added, and the solution was diluted to
50 m!. with distilled water. The pH
at final dilution was 8.9. A stirrer
and the electrode assembly were
dipped into the solution and the
initial current in the detection system
recorded. Bromine (hypobromite) was
generated and the current in the detec­
tion system recorded at suitable elec­
trolysis intervals. The current-elec­
trolysis time data were then plotted and
an extrapolation to the end point was
made. A blank titration was carried out
in the same manner and the time sub­
tracted from the sample titration.
Calculations based on Faraday's· law
were then made to obtain the amount
of reactive species in the cell.

Coulometric Titration of Ammonia with Hypobromite
Using Direct Amperometric End Point Detection

SIR: Willard and Cake (5) and
Kolthoff and Stenger (2) have de­
veloped volumetric methods for the
determination of ammonia by oxida­
tion to nitrogen with hypobromite.
Since then Kolthoff, Stricks, and Morren
(3) have described an amperometric
end point detection in the titration of
6 X 10-4 to 4 X 1O-6M ammonia in
sodium bicarbonate solution. They
employed a rotating platinum wire
electrode at +0.2 volt. V8. S.C.E. as the
indicating electrode. Laitinen and
Woerner (4) employed a similar tech­
nique in titrating ammonia with hypo­
chlorite.

Arcand and Swift (1) developed a
coulometric titration of 14 to 230 /Lg.
of ammonia using electrogenerated
bromine in a supporting electrolyte
of pH 8.5. In alkaline medium, bromine
disproportionates to bromide and hy­
pobromite ions. Two platinum foil
indicator electrodes with 150 mv.
impressed between them were used
for the amperometric end point.
Arcand and Swift found that the in­
dicator current resulting from a given
quantity of bromine in alkaline solu-

tion was not sufficiently reproducible
for use as a means of determining the
end point. Therefore, they used the
current in the alkaline solution only to
indicate when a slight excess of bromine
had been generated. Then an indirect
method was employed to find the end
point; the solution waS acidified with
perchloric acid and additional bromine
was generated at I-second intervals.
The current readings were plotted
against the generation time and a
straight line resulted. A blank was
run in the same manner and an arbitrary
current reading in the acid solution was
chosen as the end point current.

The authors have experienced dif­
ficulty in trying to employ the method
of Arcand and Swift in the titration of
ammonia solutions obtained from bio­
logical samples. We found that the
indirect end point determindtion was
not reproducible. The current readings
due to the excess bromine in acid solu­
tion appeared to be very dependent on
the amount of excess bromine generated
before the solution was acidified. In a
blank showing a difference of only 1.7
seconds to generate excess bromine at

4.825 rna. before acidification, the
generation-time readings differed by
7 seconds to reach the same current
reading in acid solution. Also, a
given current reading depended upon
strict reproduction of the stirring rate
and volume.

The authors observed the same dif­
ficulty experienced by Arcand and
Swift in trying to generate to an arbi­
trary current value directly in alkaline
solution. However, in preliminary
titrations we noted that the generation
time needed for the current readings
to increase in alkaline solution appeared
to correspond closely to the end point
value and was reproducible. There­
fore, a direct, conventional end point
detection was investigated. This
method has been employed to deter­
mine as little as 1.4/Lg. of ammonia.

EXPERIMENTAL

Reagent grade chemicals were used
without further purification. Solutions
of ammonium sulfate were prepared by
dissolving MalIinckrodt "Analytical
Reagent" ammonium sulfate in an
appropriate volume of water. The
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TClble I. Manual Titr'ations

Table II. Automatic Titrations

B

RESULTS AND DISCUSSION

A typical blank and test solution
curve is shown in Figure 1 with cur­
rent readings being obtained manually.
In the 3o-ml. volume, a large blank
reading equivalent to about 2.9 p.g. of
ammonia was found. The major
portion of the blank impurities ap­
peared to be in the sodium bromide
solution since a decrease in the buf­
fer concentration by a factor of ten
decreased the blank reading by only
13%. Arcand and Swift observed a
blank reading of about one-third this
value.

The reaction at the indicator elec­
trodes is sufficiently rapid to allow
current to be recorded automatically
on the polarograph, thus decreasing the
titration time considerably.

An added advantage of direct end
point detection is that the blank can
be pretitrated to a sufficient rise in
current to extrapolate the end point,
and the excess hypobromite noted.
At this point sample can be added
directly and titrated by adding the
quantity of excess hypobromite initially
generated to the end point value. In
this manner a series of samples can
be titrated in succession in the same
generating solution. The disadvantage
of a large blank and the pipetting errors
involved in reproducing a reagent blank
are also eliminated. In applying this
method the end point value of the first

lines in a manner analogous to that
employed in the manual plots (See
Figure 1). The divisions on the chart
paper were calibrated in terms of
seconds. There was always a slight
initial rise in current before the levelling­
off observed by Arcand and Swift.

30

25

VI 20..,
Aa:....

Q.

2i.. 15
0
a:
~
2i

\0

SECON OS ot 4.825 rno

Figure 1. Coulometric titration of ammonia

5

o b...0>I!0!~~=~~~-L~::::t:::~~=.:i:.=.:Jt=:::i=;:::l
o 10 20 30 40 470 490 510 530 550

A. Blank: 8.00 mi. of stock buffer solution, 6.00 mi. of 5M NaBr,
and 16.00 mi. of water. Bromine generated at 4.825
mao

B. Test solution: 8.00 ml of stock buffer solution, 6.00 ml. of 5M
NaBr, 11.00 mi. of water, and 5.00 ml. of 8.47
X 10--4M ammonium sulfate. Bromine gen­
erated at 4.825 mao

current of 19.30 or 4.825 mao The
generating anode and cathode were
platinum foils of 2 sq. em. and 0.8 sq.
em., respectively. The cathode was
isolated from the test solution by plac­
ing it in a glass tube fitted with a sin­
tered-glass frit end and containing the
stock buffer solution as catholyte.
The indicating electrodes were two
platinum foils (2 sq. em.) with 150 mv.
impressed between them. The im­
pressed potential was supplied by a
Sargent Model XV Polarograph. All
amperometric measurements were made
by recording the current on this instru­
ment either manually or automatically.

During generation and current meas­
urement, the solution was stirred with a
magnetic stirring bar. The titration
vessel was either a 250-ml. beaker or a
50-ml. weighing bottle.

Procedure. In titrations at 4.825
ma., 8.0 ml. of stock buffer solution
and 6.0 ml. of 5M sodium bromide
were added to a 50-ml. weighing
bottle. Standard ammonium sulfate
solution was pipetted into the bottle
and water was added to bring the
volume to 30.0 ml. In titrations at
19.30 ma., either the above procedure
or 15.0 ml. of buffer and 15.0 ml. of
5M sodium bromide were added to a
250-ml. beaker. Standard ammonium
sulfate solution was pipetted into the
beaker and water was added to make a
total volume of 75.0 ml.

Manual plots were obtained by
generating bromine at lO-second inter­
vals until a slight rise in the current
readings indicated the approach of the
end point. The current rise was then
recorded at I-second intervals until
sufficient points were obtained to deter­
mine the end point break. Automatic
plots were obtained by allowing the
chart to record the current continuously
until a sharp rise in current indicated the
end point. The end point break was
obtained by extrapolating the straight

rna.

4.825
4.825
4.825
4.825
4.825
4.8:25

4.8~~5

4 .8~~5

4.8~i5

4.825
4.825
4.825
4.825
4.825

HI.30
19.30
19.30

NHa, p,g.
Taken Found

Error,
p,g.

354.3 358.4" -0.9
354.3 354.1 -0.2
354.3 354.5" +0.2

Ave. 354.0 -0.3

34.78 34.()4a +0.06
34.78 34.97" +0.19
84.78 34.84" +0.06
34.78 34.66" -0.12
34.78 34.90" +0.12

Ave. 34.84 +0.06

28.86 29.30 +0.44
13.38 6 . .'~8" 0
~i.38 6.aS" 0
t\.38 6.28" -0.10
6.38 6.48" +0.10
Ave. 6.38 0

3.19 3.29" +0.10
3.19 3.17" -0.02
3.19 3.1·!" -0.05
Ave. 3.20 +0.01

2.89 3.1,' +0.28 4.825
• Samples added to pretitrated solution

as described in text.

NH., p,g. Error,
Taken Found p,g. rna.
354.3 353.4" -0.9 19.30

144.3 144.1 -0.2 4.825

35.43 35.46 +0.03 4.825
35.43 35.75 +0.32 4.825
35.43 35.57 +0.14 4.825
35.43 35.17 -0.26 4.825
35.43 35.40 -0.03 4.825

Ave. 35.47 +0.04
34.78 34.78" 0 4.825
34.78 34.69" -0.09 4.825
34.78 34.72" -O.Oti 4.825

Ave. 34.73 -0.05
28.86 27.95 -0.91 19.30
28.86 28.64 -0.22 4.825

Ave. 28.30 -0.56
14.43 14.09 -0.34 19.30
709 7.29 +0.20 4.825
7.09 7.15 +0.06 4.825
Ave. 7.22 +0.13
6.38 6.46" +0.08 4.825
6.38 6.46" +0.08 4.825
Ave. 6.46 +0.08 4.825
2.89 3.12 +0.23 4.825
2.89 3.14 +0.25 4.825
2.89 3.26 +0.37 4.825
2.89 3.14 +0.25 4.825
Ave. 3.17 +0.28
1.44 1.76 +0.32 4.825

" Samples added to a pretitrated solution
a~1 described in text.

ammonium sulfate had previously been
dried Itt 110° for 2 hours. The stock
buffer solution employed was prepared
by dissolving 38.1 grams of sodium
tetraborate decahydrate in 1 liter of
water and adding 72% perchloric acid
to adjust the pH to 8.6.

The coulometric titratiol1s were made
with a. Sargent Coulometric Current
Source, Model IV, at a generating
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sample follo\\'ing jJl'etitration of the
blank was usually in error while sub­
sequent samples were satisfactory.
Therefore, the procedure followed was
to pretitrate the blank to a slight ex­
cess and then add an ammonia sample
of approximately the same size as the
expected test sample and pretitrate it,
noting the excess of hypobromite gen­
erated beyond the end point. Then
the sample of a series of samples was
added and titrated as above.

In these vetitration procedures, a
large excess of hypobromite should not
be generated before adding the sample,
as this may lead to a positive error (1).

In the manual titrations, variations
of stirring rate and total volume should
have no effect on the end point break,
although the generating reagents should
be pipetted to reproduce the blank
impurities. In applying the automatic
plot, however, these should be re-

produced fairly closely with a volume
duplication of ± 1 m!. appearing to be
satisfactory. For a series of titrations
in the same solutioIl, satisfactory end
points are obtained if the stirring rate
is increased' in approximately the same
proportion as the volume increase when
a new sample is added.

In these titrations the recommended
pH should be adhered to within ±0.1
pH unit as discussed by Arcand and
Swift (1).

In any event where small ammonia
samples are titrated with hypobromite,
which is a strong oxidant readily re­
duced by many different impurities,
the analyst should always run a blank
to determine the titration error due to
impurities.

The data of this investigation are
shown in Tables I and II. A series of
samples ranging from 354.3 to 1.44
J.lg. of ammonia were titrated either

manually or automatically using both'
the direct and pl'etitration methods.
Automatic titration appears to give
results slightly superior to the manual
titrations.
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Infrared Analysis of Alpha-OleHns

-14
-6.2
-1.4
-2.6
+5.5
+6.2
+3.7
+3.1
+2.4
+3.1
+0.1

Cis
RHC=CHR

6.09
4.71
3.01
2.39

24.80.31

138
150
158
156
169
170
166
165
164
165
160

Av. 160.1

0.41

Hexene-l
Heptene-l
Octene-l
Nonene-l
Decene-l
Undecene-l
Dodecene-l
Tridecene-l
Tetradecene-l
Pentadecene-l
Hexadecene-l

Table I. Absorptivities of a-Olefins at
11 .0 Microns

Absorptivity,
liter

mole- I % Dev.
a-Olefin em. -1 from avo

alytical wavelengths assuming the sam­
ple contains 100% normal a-oletins.
The statistically calculated absorbances
are thensubstracted from the re­
spective observed absorbances of the
sample. These difference absorbances

Vinylidene
R'R"C=CH2R

1.65
8.29

184.7
2.43

1.35

Vinyl
RHC=CH2

5.59
160.4

9.45
1.88

Matrix Used in Group-:'l:'?e Olefin Analysis
(Absorptivities in liter mole.,-1 cm.- I )

Trisub­
stituted

R'R"C=
CHR
4.19
2.23
2.53

15 7

0.24

Table II.

Trans
RHC=CHR

147.2
4.20
4.46
1.01

A, Microns/
olefin
group

10.35
11.00
11.25
Av. of 4
12.0 to 12.5
14.42

11.00 microns. The calibration com­
pounds were high-purity American
Petroleum Institute samples. In the
present case, we included only the
even-numbered a-olefins from C6

through C20• Octadecene-l and eico­
sene-l were not available and their data
were determined by extrapolation of the
data for the lower molecular weight
compounds.

When the absorptivities of pure a-ole­
fins are used and the carbon number dis­
tribution of the sample is obtained from
a high temperature' programmed gas
chromatographic analysis, the statistical
absorptivity at 11.00 microns is cal­
culated for the particular sample under
analysis. The absorbance of the sample
at 11.00 microns divided by its
statistical absorptivity yields the con­
centration of a-olefins in the sample (in
moles per liter). To determine the
other olefin groups which are present
as impurities in the a-olefin sample,
the statistical absorbances are calcu­
lated for the sample at all the an-

SIR: The olefin group type analysis
previously reported (2) has been in use
in this laboratory for a number of
years. Recently a need arose for the
accurate quantitative determination of
olefin group types in normal a-olefin
rich mixtures. It was particularly
desirable to achieve the highest possible
accuracy in the a-olefin determination.
Since the required accuracy was beyond
the limits of the group type analysis, it
was necessary to introduce a number of
modifications in the procedure to
obtain a satisfactory analysis. The
purpose of this communication is to re­
port these modifications.

Simple averaging of the absorptivities
of the characteristic a-olefin band
(11.0 microns) to obtain a group type
value results in errors too large for the
present requirements. This is il­
lustrated in Table I. For example, the
absorptivity of hexene-l deviates from
the average by 14% and decene-l by
5.5%. Thus, it is necessary to calculate
a statistically weighted absorptivity to
be used with each sample. Accordingly,
the following procedure was developed.

The absorbances for all the normal
a-olefins to be included in the analysis
were obtained at all the analytical
wavelengths-e.g., 10.35, 11.00, 11.25,
12.03, 12.15, 12.33, 12.50, and 14.42
microns, on a Perkin-Elmer Model 21
infrared spectrophotometer. A 0.15­
mm. cell was used and dilutions were
made in carbon disulfide when
necessary. The absorptivity of each of
the pure a-olefins was calculated at
their group absorption wavelength,
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represent the departure of the sample
from the assumed 100% a-olefin.
VVhen these dllIerence absorbsJ1ces are
applied to the olefin group type ab­
sorptivity matrix (2) shown in Table II,
the concentrations of the various
impurity olefin types are obtained.
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of a synthetic blend shown in Table III
where all of the mean errors are less
than 1%. In a blend of four a-olefin
compounds, the error in the total vinyl
concentration was 0.13%. In some
cases, diolefins and cyclomono-olefins
will interfere if present in quantities
greater than 3%. The diolefin and or
cyclomono-olefin content may be deter­
mined by a low-voltage mass spectromet­
ric method (1).

The dllIerence absorbance at 11.00
microns will, of course, be a negative
number if the sample is less than 100%
pure a-olefin, but the negative sign
should be carried along in the matrix
calculations; a negative value will re­
sult representing the departure of the
a-olefin concentration in the sample
from the assumed 100% a-olefin.
This value could be algebraically added
to the total theoretical olefin con­
centration in the sample to obtain the
a-olefin concentration. However, the
concentration for the a-olefins deter­
mined by this procedure is not suf­
ficiently accurate since the group type
absorptivity is used.

The mean error of this analysis when
applied to an aromatic free material
that contains 80% or more a-olefins is
believed to be ± 1% for the a-olefin
value and ± 1.5% for the other olefin
groups. This is indicated by the analysis

0.075 0.04
6.134 6.15

0.045 0.02

0.106 0.09
0.078 0.13
6.438 6.43

Synthetic Blend

Concentration
(molesIiiter)

Deter­
Known mined

Table III.

Olefin Type
Trans (tram-heptene­

3)
Vinyl (octene-I)
Vinylidene (2-methyl­

butene-I)
Triaubstituted (2­

methylbutene-2)
Cia(ci8-heptene-2)

Total

Modified Thermal Conductivity Detector for Capillary Columns

SIR: Although Golay (2) initially
used a thermal conductivity detector
for his investigations with capillary
columns, these columns have been used
almost exclusively with ionization de­
tectors. Recently, Schwartz (4) and
also Camin (1) reported using primarily
O.02-inch or larger Ld. capillary columns
with thermal conductivity detectors.

At this laboratory, a gas chromato­
graph equipped with a modified thermal
conductivity detector has been used for
some time with O.Q1-inch i.d. capillary
columns.

EXPERIMENTAL

Apparatus. The gas chromatograph
was fabricated along conventional
lines using essentially standard com­
ponents. The detector was the Gow­
Mac Micro-Cell Model JDC-015. A
2-mv. Brown recorder was used. A
sample stream splitter after the design
of Halasz (3) was included in the inlet
system. The splitter was fabricated
from a Swagelok heat exchanger tee
and stainless steel tubing. The split
ratio was varied with a Nupro micro­
metering valve. Both detector and
capillary column were housed in a

temperature-controlled air bath suit­
able for operation up to 1250 C. The
significant feature of the apparatus
was the modification made in the sample
cavity of the detector. Figure 1
shows this modification in detail. The
modification consisted of positioning a
2-inch length of stainless steel, 0.010­
inch Ld., tubing up through the sample
cavity orifice with the end of the tubing
as close as possible to the thermistor
bead itself. This distance was approxi­
mately 1 mm. The tubing was then
silver-soldered in this position. The
capillary column was then connected
to the other end of the tubing.

2

Figure 2. Chromatogram of C5 through C7 blend on modified cell

Column, 190·ft. X 0.010 in. stainless steel capillary coated with squalane; 25° C.; helium 1.7 ml./
min. sample size, 1 JLI. 100:1 split
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1. Isopentane
2. n·Pentane
3. 2,2·0imethylbutane
4. Cyclopentane
5. 2,3-0imethylbutane
6. 2.Methylpentane
7. 3·Methylpentane
8. n-Hexane
9. 2,2-0imethylpentane and methylcyclopen­

tane
10. Benzene and 2,4-dimethylpentane
11. 2,2,3·Trimethylbutane

w
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o
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12. 3,3-Dimethylpentane
13. Cyclohexane
14. 2,3-0imethylpentane
15. 3.Methylhexane
16. l,trans-3·0imelhylcyclopentane
17. 3.Ethylpenlane and l,trons.2-

dimethylcyclopentane
18. n.Heptane
19. l,cis·2·0imethylcyclopentane
20. Methylcyclohexane
21. Toluene

40 30
--TIME (MIN)

5060

Component.

70

figure 1. Modification of
sample cavity in cell

a. Before modiflcation
b. After modlflcation
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Analysis of CD C7 Blend

Wt.%

4.7 4.9
0.5 0.5
5.3 5.3
4.8 4.6
4.7 5.0
5.1 4.8
1.0 1.0

4.7 4.9
5.3 4.6
5.4 4.7
5.9 4.5

Table I.

Components
Isopentane
n-Pentane
2,2-Dimethylbutane
Cyclopentane
2,3-Dimethylbutane
2-~ethylpentane
3-~ethylpentane

n-Hexane
2,2-Dimethylpentane }
~ethylcyclopentane

Benzene }
2,4-Dimethylpentane
2,2,3-Trimethylbutane
3,3-Dimethylpentane
Cyclohexane
2,3-Dimethylpentane
3-~ethylhexane

1, trans-3-Dimethylcyclopentane
3-Ethylpentane }
1, trans-2-Dimethylcyclopentane
n-Heptane
1, cis-2-Dimethylcyclopentane
~ethylcyclohexane

Toluene

Known
4.2
4.3
4.5
5.2
4.6
4.5
4.6
4.5
5.6

10.6

Found
3.8
4.8
4.9
4.9
5.1
5.4
5.4
5.4

5.9
9.6

Deviation
-0.4
+0.5
+0.4
-0.3
+0.5
+0.9
+0.8
+0.9
+0.3
-1.0

+0.2
o
o

-0.2
+0.3
-0.3

o
+0.2
-0.7
-0.7
-1.4

expensive conversion of existing thermal
conductivity instruments for capillary
columns.
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RESULTS AND DISCUSSION

The thermal conductivity detector
was first evaluated without any
modification using a 200-foot by 0.01­
inch Ld. squalane coated capillary
column. The sensitivity of the detector
was more than adequate; however, the
peak shapes and resolution were very
poor compared to typical results ob­
tained on ionization detector instru­
ments. Since the operating conditions
on the capillary column were very
similar to those employed when used
with ionization detectors, it was con­
cluded that the poor peak shapes and
poor resolution were caused by excessive
dead volume in the detector block from
the column exit to the orifice leading
into the sample cavity and also by
excessive diffusion in the sample cavity
itself. Therefore, the detector was
modified as described above and shown
in Figure 1. A typical chromatogram
from the modified detector is shown in
Figure 2 of a synthetic blend run on a
190-foot by O.Ol-inch Ld. squalane

coated stainless steel capillary column.
The .sample size was 1 J.d. and split
100: 1, and the carrier gas flow was
1.7 ml. per minute. Thus, using operat­
ing conditions normally employed with
O.Ol-inch i.d. capillary columns, the
modified detector furnished curves com­
parable to those obtained with ioniza­
tion detectors.

The analysis of the blend shown in
Figure 2 is given in Table 1. These
results were obtained using a planim­
eter to measure the areas and were
normalized directly using no calibration
response factors.

The modified thermal conductivity
detector instrument has been Used
routinely at this laboratory for the
analysis of hydrocarbons in the Cs and
lighter range. The range and the per­
formance can be improved by making
similar modifications with the more re­
cently developed Gow-Mac micro­
volume cells. Although the modified
thermal conductivity detector is not as
sensitive as the ionization detectors, it
does permit the convenient and in-

Fluorometric Determi­
nation of Selenium in
Plants and Animals
with 3,3'-Diamino­

benzidine

Caution Notice

SIR: Benzidine is known to be
carcinogenic. Please be advised that
3,3'-diaminbbenzidine, recommended as
an analytical reagent in a recent issue
of your journal (1), is also suspect as a .
carcinogen. We therefore recommend
that your readers be informed that the
compound should be handled with ex­
treme caution.
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Equations fOlr the Average Solvent Composition and the Interstitial Column
Volume in Column Fractional Precipitation Methods

Wolfgang W. Schulz! and William C. Purdy, Department of Chemistry, University of Maryland, College Park, Md.

the one described by Baker and Williams
(2).

The mode of solvent addition to the
mixing vessel differed in many respects
from that previously described (2).
While the nonsolvent which was placed
initially in the mixing vessel was either
the pure solvent or a solvent mixture,
the good solvent in every case con­
stituted a single solvent which was
distilled directly into the mixing vessel.
A 250-ml. boiling flask and a 35 em.
long, water-cooled, Friedrichs condenser
were used. The drip-tip joint of the
condenser allowed the solvent to flow
into the funnel of the distillate collector,
which was placed between the boiling
flask and the condenser. The outward-

"'rHE SEPARATION of substances with
similar physical and chemical proper­

ties, such as the fractionation of poly­
mers into homogeneous molecular­
weight fractions, remains a challenging
problem. One method that has proved
successful in the fractionation of in­
dustrial polymers is the column
fractional precipitation technique of
Baker and Williams (2). This is an
equilibrium method in which the poly­
mer, contained in a column and sup­
ported by an inert material such as
glass beads, is subjected to simultaneous
temperature and solvent gradients.
A linear temperature gradient along the
length of the coIumn is achieved by
jacketing the column with an aluminum
block, heating the upper end of the
block with Nichrome wire, circulating a
cooling liquid through the lower part of
the block, and insulating the entire
column well. A constant-volume mixing
vessel delivers solvent to the column at
a rate of approximately 6 ml. per hour
and contains initially a high percentage
of nonsolvent, in which the polymer is
only very slightly soluble. The per­
centage of a second solvent of higher
elution power or "good" solvent in­
creases exponentially with the total
volume delivered to the column. At a
particular solvent composition, the
most soluble molecular-weight species
of the polymer, which is precipitated
nonselectively on the column support.
dissolves and moves down the column to
a lower temperature region, where it is
again precipitated" It is redissolved by
solvent of a higher elution power and is
carried down the {:olumn in a series of
precipitation and extraction steps. The
fractions emerge from the column as
sa.turated solutions and are generally
collected with a constant-volume frac­
tion collector. It, therefore, becomes
necessary to know the average solvent
composition of each collected fraction.

Equations are developed to predict
the average solvent composition of these
fractions on the basis of the exponential
mixing function (1, 3) and to determine
the interstitial column volume.

EXPERIMENTAL

Apparatus. The fractional pre­
cipitation apparatus, shown in Figure
1, was built in this laboratory and was
similar in design and dimensions to
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Figure 1.
paratus

A.
8.
C.
D.
E.
F.
G.
H.
I.
J.
K.
L.

c

o

K

L

Fractional precipitation ap-

Condenser
Distillate collector
Boiling flask
Heating mantle
Mixing vessel head
Mixing vessel
Magnetic stirrer
Healing wire
Insulation
Aluminum Block
Micro glass bead packing
Cooling coils

leading funnel was connected to the
head of the mixing vessel by Teflon
tubing, 5/16-inch i.d. The solvent was
distilled at such a rate that the funnel
was kept constantly full, the excess
solvent returning to the boiling flask.

The head of the mixing vessel con­
sisted of a 27 T male joint, the upper
end of which was fused to a short sec­
tion of capillary tubing. The solvent
flow was controlled by a stopcock, w1:1ch
was inserted between the capillary
tubing and the Teflon connecwr.
During the early experiments the mixing
vessel had to be filled through its lower
outlet by applying suction to the top of
the distillate collector. The filling
process was facilitated when a micro­
stopcock was added to the head to
provide an outlet to the atmosphere.
In addition, this microstopcock per­
mitted gas to be removed from the head
where it may have collected during an
experimental run.

Ten-milliliter fractions were collected
in test tubes with a Rinco Automatic
Fraction Collector.

Procedure. The solvent composi­
tion of the emerging fractions was
measured using a cyclohexane-chloro­
form solvent system. The column
was washed with 250 ml. of Spectr.)­
analyzed cyclohexane (Fisher Scien­
tific Co.). The same solvent was
placed in the 250-ml. mixing vessel.
Purified chloroform (..n was distilled
into the mixing vessel. The column
was kept at room temperature without a
temperature gradient, and about 20 ml.
of the solvent were left above the pack­
ing. Thirty-five fractions were collecte:!
with a 10-ml. siphon at a rate of approxi.­
mately one fraction per hour. The
tubes were stoppered with rubber
stoppers. Aliquot portions were trans­
ferred to volumetric flasks immediately
after completion of the run and diluted
with Spectrograde cyclohexane.

Spectrophotometric absorption curve:;
were recorded with a Beckman IR ~~

spectrophotometer. The path length
was 0.15 mm., and the reference mediuIL.
was air. Per cent transmittance value,.
at 13.1 microns were read off the chart,
converted first to absorbance values,
and then to volume per cent of chloro­
form in cyclohexane. A volume per
cent of chloroform in cyclohexane cali­
bration curve was prepared under
identical conditions from chloroform­
cyclohexane solutions of known com­
positions.

The 10-ml. siphon was calibrated by
employing conditions of an actual run.

1 Present address, Esso Research and
Engineering Co., Linden, N. J.



CALCULATIONS

The mixing function for the case of a
constant-volume mixing vessel has been
demonstrated to be (1, 3):

The siphon was wetted with p-dioxane
and then filled with the same solvent
from a 50-m!. buret. Near the point
where the siphon began to operate, the
solvent flow from the buret was lowered
to an approximate rate of 10 mI. per
hour and the flow was not interrupted
until the siphon was almost empty.
The volume of the siphon was read from
the buret.

The 250-mI. mixing vessel was cali­
brated by delivering five 50-ml. portions
of p-dioxane with a pipet to the mixing
vessel. After closing the vessel with
the mixing head, it was completely
filled from a 50-mI. buret through the
upper connecting head, allowing air to
escape through the microstopcock.

70
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curve
Curve /II: Corrected ex­

perimental curve

(1)In C2 - C, = .E.
C2 - C V

(4)

(7)

where

Cs = volume per cent of good solvent
added to mixing vessel

C, = volume.per cent of good solvent
initially in mixing vessel

C = volume per cent of good solvent
in efHuent

v = total volume of efHuent
V = volume of mixing vessel.

The concentration of good solvent in the
effluent at any particular effluent volume
is

C = C
s

_ e (a - ~) (2)

where a = In(C2 - C,), a constant.
The aV!lrage concentration of good

solvent, C, for an effluent fraction,
V2 - v" is

C = fC(v)dv
fdv

(3)

The effluent volume, v, should be meas­
ured from the point where the first
infinitesimally small change in solvent
composition occurs in the effluent
(breakthrough point). The effluent
volume from the beginning of the run to
this point corresponds to the interstitial
column volume. Since this interstitial
volume is generally not known, some
means has to be found to determine the
breakthrough point.

Theoretically, v can· be calculated
from Equation 3 by !.Ileasuring the
average concentration, C, of any frac­
tion over a known range, V2 - v,. If
VI is then expressed as

VI = VI - (VI - v,)

t'2 can be obtained directly.
If the column is initially filled with

pure nonsolvent, the breakthrough
point corresponds to the point where the
first infinitesimally small fraction of
good solvent leaves the column. How-

ever, the first fraction which indicates
the presence of good solvent already
represents the average concentration
over a small range in solvent composi­
tion. The breakthrough point, Vo, can
be calculated by measuring the volume
per cent of good solvent, Co, in the first
fraction

C - C(vs' - v.) + O(v. - v,')
(J - V2' - Vl'

where C = the average concentration of
good solvent over the volume range,
V2' - Vo·

C.(vs' - vt') = Cs(vs' - v.) +
VeO [e ( -)'r) -e ( - ';1) ] (5)

If v. = 0, then

, C.(VI' - v,') (6)'
VI = C,

For the case that the mixing vessel
contains initially only nonsolvent (C, =
0), V2' from Equation 6 becomes in­
finite. A more reasonable expression
is obtained for the limiting case of C, =
0, if the exponential terms in Equation 5
are expanded to the quadratic terms.

, _ [2VC. (V2' - v")]lJS
Vs - C

s

DISCUSSION

The cyclohexane-chloroform system
was used to compare theoretical solvent
composition values of fractions with
observed values. The amount of
chloroform in a fraction was determined
from infrared absorption measurements,
using the G-CI stretching band at 13.1
microns. Cyclohexane was completely
transparent at this wavelength. The
calibration curve followed Beer's law.
The interstitial column volume was
calculated to be 81.40 ml.

The observed chloroform concentra­
tions were low compared to the theo-

retical values, although the general
shape of the exponential curve wlloS
followed (Figure 2). This indicated
that mixing occurred not only in the
mixing vessel but also in the column,
the mixing volume being much larger
than the measured volume of 270 ml.
By arbitrarily selecting a point on the
experimental curve, such as the point
corresponding to fraction No. 31 with
53.5 volume per cent of chloroform, and
recalculating the theoretical mixing
volume, a corrected volume of 310 ml.
was obtained. Using this new volume
to recalculate all theoretical values, a
new curve was obtained, which
coincided much more closely with the
experimental curve. The fact that the
two curves were not parallel indicated
that the additional mixing volume
could not simply be added to the
measured mixing volume.

The difference between the measured
and calculated mL'Cing volumes was
much larger than could be explained by
assuming mixing to have occurred in .the
liquid above the packing. Mixing must
also have occurred within the packing
and was probably caused by diffusion,
especially in view of the slow solvent
flow.
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Desalting by High Voltage Electrophoresis

Hsiu-Ying T. Yang and M. R. Shetlar, Department of Biochemistry, University of Oklahoma School of Medicine, Oklahoma
City, Okla.
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Figure 1. Preparation of paper for
desalting by high voltage electrophore­
sis

Sample is applied at site indicated. Extensions
to right and left dip into anode and cathode
chambers, respectively

I N THE PAPER CHROMATOGRAPHY of
sugars, interfering salts are formed

by hydrolysis and subsequent neu­
tralization. To obtain salt-free samples,
several techniques have been used:
electrolytic desalting, ion exehange
resin, and organic solvent extraction (1).
However, these techniques require rela­
tively large volumes of solution, and
therefore are not convenient for lnicro­
quantities of material. Recently we
have found that desalting can be carried
out by high voltage electrophoresis
directly on a sample which has been
previously spotted on the paper. A
buffer containing only volatile con­
stituents is used. This method allows
the desalting of small volumes of solu­
tions (5 to 25 Ill.) and does not require
reconcentration of the desalted sample
as in other procedures. In this method,
the inorganic ions are rapidly removed
and neutral sugars are left at the
position near the origin. Amino acids,
amino sugars, and sugar acids migrate
in the electrical field, but are also satis­
factorily desalted.

EXPERIMENTAL

For the Servonuclear Model ET48
high voltage eleetrophoresis equipment,
a sheet of filter paper is cut to the size

2224 • ANALYTICAL CHEMISTRY

and dimensions shown in Figure 1.
The sample to be desalted is spotted
on the filter paper, and electrophoresis
is carried out with a buffer of pH 3.8,
pyridine-acetic acid-water (1 :10:89),
at 3000 volts for 35 to 40 minutes. The
paper is then dried carefully with a
hair dryer to remove the buffer and is
cut for chromatography as indicated in
Figure 1. The standards may then
be applied on the paper, and chro­
matography carried out with the solvent
flowing at right angle to the electro­
phoretic run.

Figure 2 shows the results with a
sample desalted by this procedure
followed by descending chromatog­
raphy. The original sample of 25 Jll.
contained 20 Jlg. of galactose and 30 Jlg.
of N-acetylglucosamine in 0.125M tris
buffer and 2.5M NaCI. The spots were
developed by benzidine reagent after
paper chromatography (solvent system,

STD. SAM· STD.
PLE 3

Figure 2. Chromatography
of sugars with butanol-acetic
acid-water mixture (4:1:5
by volume) after desalting by
high voltage electrophoresis

Sugars are indicated by GAL, galac­
tose; MAN, mannase; NAGLUNHt,
N-acetylglucosamine; FUC, fucose.
Sample 3 is an enzymatic hydrolysate
of a glycoprotein preparation

Figure 3. High voltage electrophore­
sis of sugars with pyridine-acet ic acid­
water mixture (l:10:89 by volume)

Sugars are GAL, galactose; MAN, mannose;
NAGlUNH

"
N-acetylglucosamine; FUC, fucose.

Glucuronic acid preparation (GLUA) yields two
spots: lactone at origin and free acid moving
toward anode

butanol-acetic acid-water, 4:1:5).
Without preliminary desalting, no dis­
crete spots were detected.

When the sample was spotted equi­
distant from both electrodes, no ap­
preciable movement of the sugar occurs.
When the sample was spotted at the
position near the anode, the neutral
sugars moved slightly toward the
cathode by electro-osmosis flow. How­
ever, this movement did not influence
the result of chromatography. When
only neutral sugars were involved,
several samples were desalted on the
same strip by this technique. Both
standard and samples were applied on
the paper before electrophoresis.

Under the conditions given above,
amino sugars moved toward the cathode
and free sugar acids toward the anode
(Figure 3). Dicarboxylic amino acids
moved as anions; other amino acids
moved as cations. Preparations con­
taining these compounds were satis­
factorily desalted.
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disulfonic acid, 4,5-dihydroxy-, disodium
salt of, or EDTA used as masking
agent in determination of boron in ni­
trides, gl'aphite rods, and titanium
and zirconium borides. J. W.
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Hernandez, Jr., and Leonard R. Axel-
rod.............................. 80

of submicrogram amounts of molybde-
num with cupferron-chloroform using
Mo". W. B. Healy and ·W. J.
McCabe.......................... 2117

of tobacco humectants, and gas-liquid
chromatographic analysis of. R. L.
Friedman and W. J. Raab.... 67

of vanadium(V) with 2-thenoyltrifluoro­
acetone, and spectrophotometric de..
termination (corresp.). A. K. De
and M. S. Rahaman.. 1095

organic. using tri-n-butylphosphine sul-
fide (sci. common.). R. H. Hitchcock
etal.. . . . 254

rapid and accurate determination of
metals in motor oils and additives
(corresp.). A. L. Hensley and J.
G. Bergmann. . . . . . . . . . . . .. .. . . . . . . 1318

selective agent, tricapryhnethylammo­
nium thiocyanate utilized as, for spec­
trophotometric determination of ccr­
bait. A. M. Wilson and O. K. McFar-
land............................. 302

solvent, investigation of metal com-­
plexing properties of 4-(2-pyridylazo)-
I-naphthol. D. Betteridge et 01.. . . • 729

solvent, method for zirconium-97; use
for evaluating critical nuclear inci·
dents. W. J. Maeck el al.. . . . . . . . . . 292

solvent, method of radiochemical de­
termination of cerium. M. A. Awwal 2048

solvent, of plutonium with primary
amines; some applications to plu­
tonium extraction from biological ma-
terial. F. W. Bruenger et 01.... . .... 1671

solvent, of transition metal ions with 1­
(2-pyridylazo)-2-naphthol; study of
complex formation and distribution
equilibria. D. Betteridge et al.. . . . . 294

solvent, scheme for separation of plat-
inum, palladium, rhodium, and
iridum. G. H. Faye and W. R. Inman 985

solvent, with tributyl phosphate, separa-
tion of technetium from mixed fission
products. M. H. Campbell....... 2052

systems, liquid, behavior of dialkyl
phoBphorodithioic acids in. R. H.
Zucal el al. . . . . . . . . . . . . . . . . . . . . . . . . 988

F

Fast Sulphon Black F. See Beryllium
FATS

and oils, direct quantitative isolation of
monocarbonylcompounds from. D.
P. Schwartz el oZ.. • . . . . . . . . . . . . . . . . 2191

autoxidized, spectrophotometric hydro­
peroxide determination by use of tri-

~~~~~\~~~"tn~i~e:.. ~'. !':'..~~~i~..~~~ 1008
FATTY ACIDS

2-methylalkanoic acids as internal stand-
ards in gas-liquid chromatographic
assay of (sci. commun.). E. A.
Napier, Jr... . . . . . . . . . . . . . . . . . . . . .. 1294

quantitative preparation of methyl
esters of, for gas chromatography.
C. W. Gehrke and D. F. Goerlitz.... 76

volatile, forinic acid vapor as adjunct
permitting quantitative estimation of,
by flame ionization gas liquid chro­
matography. R. G. Ackman and
R. D. Burgher..................... 647

Ferric chloride-perchloric acid-phosphoric
acid reagent used for rapid determina·
tion of total cholesterol in blood. serum
(corresp.). Tsutomu Momose el al..... 1751

Ferrocyanides separation of metals as, on
filter paper; precipitation chroma­
tography. A. M. Liimatta and J. D.
Spain.............................. 1898

Ferromagnetic aIloys and cathode nickel,
Claisse borax disk x-ray fluorescence
method for determination of refractory
metals in. C. L. Luke. . . . . . . . . . . . . . . 56

Ferrous alloys, analyst in the automotive
industry, Hugh Beeghley el 01. (rept. for
anal. chemists) 25A (No.7)

Ferrous metallurgy (rev.). H.F. Beeghly
and L. C. Pasztor 88R

Fertilizers (rev.). E. D. Schall..... . . . . . 58R
Fibrillar Boehmite, new adsorbent for gas-

solid chromatography (sci. commun.).
J. J. Kirkland. . 1295

Films, metal, thin, determination of OXy4
gen, hydrogen, nitrogen and carbon in,
by means of flash discharge lamp (sci.
commun.). W. G. Guldner.......... 174(

VOL. 35, NO; 13, DECEMBER 1963 • 2247



Filter, membrane, infrared differential
technique employing (aid). H. J.
Sloane. . . . . . . . . . . .. . . . . . . . . . . . .. .. . 1556

Fission produ'Jts, mixed, separation of
technetium irom, by solvent extraction
with tributyl phosphate. M. H. Camp-
bell 2052

Flame ionization, gas liquid chroma­
tograph~' for determining high boiling
organic compounds. F. A. Vanden-
heuvel. , . . . . . . . . . . . . .. 1186

mash discharge lamp, determination of
oxygen, hydrogen, nitrogen, and carbon
in thin metal films by means of (sci.
commun.). W. G. Guldoer........... 1744

Flotation method modified, for density de­
termination of small, solid samples
(corresp.). E. L. Simons. . . . . . . . . . . . . 407'

Fluorenone, trinitro-, complexes, titri~

metric analysis of (c·orresp.). R. H.
Cu"diff 'and P. C. Markunas. . . . . . . . .. 1328

F'LUORE8C2IN
2,4-bis-IN,N'-di-(carboxymethyl) ami­

"omelhylj, U8~d in t1uorometric es­
timation of AI +1, alke.line earths, Co +2,
Cu +h, Ni +2, and Z-n ""2 in micromolar
concentrations; fluorescence tech­
niques in microdetermin'ation of
metals in biological materials. D. F.
H. Wallach and T. L. Steck......... 1035

immuno-, quantitative titration of
human and bovina gamma globulins
(sci. commun.). H. P. Tangerdy.. 1084

FLUORIDE
materials, determination of aluminum,

zirconium r and zirconiunl plus tho­
rium in; vanadyl ion as back-titrant
for indirect amperometric titrations
with EDTA. Gerald Goldstein ot al. 17

novel radiotracer method for. F. L.
1"'100re. . . . . . . . . . . . . . . . .. . . . . . . . . . .. 1032

potassium di-. determination of water
content in, by Karl Fischer reagent
<,:or!'Csp.). G. B. Barbi and Sergio
PlZZIM. • • • • • • . . . . . . . . . . . . . . . . . . . . 409

re(~overed by mierodiffusion; effect of
heat and diffusion time (corresp.).
H. W. Wharton................... 406

volatile, inorganic, analyzed by means of
gas ·liquid chromatography. A. G.
Hamlin .t al. . . . . . . . . . . . . . . . . . . . ... 2037

Fluorinated materials, evaluation of gaf!
chromatographic columns for separa··
tion of. Ihor Lysyj and P. R.
Newton............................. 90

FLUORINE
containing polymers as solid supports in

gas chromatography. J. J. Kirkland 2003
continuous photometric analyzer of.

C. W. Weber and O. H. Howard..... 1002
Fluoroacetone, thenoyl-, used in rapid ox­

traction of manganese(II); spectro­
photometric determination of in organic
phase. A. K. De and Md. S. Raha-
man :.......... 159

Fluorocarbone, low molecular weight, gas
chromatographic separation of some
(corresp.). S. A. Greene and F. M.
Wachi............. .. 928

Fluorophosphate, hexa-, amperometric
titration of withtetraphenylarsonium
chloride. H. E. Affsprung and V. S.
Archer.. . 976

Folin-Lowry method used to determine
protein contamination of deoxyribonu­
cleic acid (corresp.). G. R. Shepherd
and P. A. Hopkins............. ...... 1548

Foon
additive" and adulteration, legal control

in U. K. (rept. for anal. chemists).
J. H. Hamence 24A (No. 1)

(rev.).. Emanuel Borker and K. G.
Sloman........................... 62R

FORMAMTDE
dimethyl-, characterization of alkyl and

aryl halides by 2,4-dinitrophenylhy­
drazone. of aldehydes from reaction of
their Grignard reagents using. J. G.
Sharefkin and Alex F orschirm. . . . . . 1616

N,N-dimethyJ-, polarographic reduction
of steroids in. A. 1. Cohen. . . . . . . . . 128

FORMIC ACID
new .specific color reaction of. Mohsin

Qureshi ot al.. . . . . . . . . . . . . . . . . . . . . . 1592
vapor as adjunct permitting quantitative

estimation of volatile fatty acids by
flame ionization gas~liqu\d chroma­
tography. R. G. Ackman and R. D.
Burgher. . . . . . . . . . . . . . . . . . . . . . . . . . 647

Fraotionation of particle sized ,:.on exchange
res'ins (aid). Basil Va.silliou and
Robert Kunin. . . . . . . . . . . . . . . . . . . . . .. 1328

FUELS
and lubricants, analyst in. automotive

industry, Charles Gambrill.t al. (rapt.
for anal. chemists) 25A (No.7)

solid and gaseous, (rev.). R. F. Aber-
nethy and Theodore Christos.. . . . . . . 78R

Fui~wara determination modified, of tri­
chloroethylene (corresI'.). Emanuel
Borkeretal.......................... 1321

FTINCPIONAL GROUP
analysis in gas chromatography; treat­

ment of vapors with selective reagents
(sci. commun.). J. E. Hoff and E. D.
Feit.............................. 1298

analyzed in copolymers by wet chemical
infrared spectrometry. F. D. Brako
and A. S. Wexler................... 1944

2248 • ANALYTICAL CHEMISTRY

use of differential reaction rate,a to an­
alyze mixtures of organic materials
containing same; applies.tioD to mix­
tures of unsaturated compounds.
Sidney Siggia ot al•. ...............

Furan derivatives, column chromato­
graphic method for separation on alumi­
num oxide (sci. commun.). R. de la
Burde ot al .

Furnace, current-concentrator, high-tem­
perature, for determining oxygen in
graphite coated uranium carbide. M.
E. Smith ot al .

G

Gallium arsenide, neutron activation an­
alysis for determination of oxygen in.
R. F. Bailey and D. A. Ross .

Galvanio monitoring of ozone. Paul
Hersch and Rudolf Deuringer .

Gamma globulins, human and bovine,
quantitative immunofluorescein titra­
tion of (sci. commun.). R. P. Tengerdy

GAS
analysis, Orsat apparatus, use of cuprous

sulfate-/l-naphthol for determination of
carhon monoxide in (corresp.). Ross
Stewart and D. G. Evans .

electrochemistry of; electrolysis cell
and gas circulating pump (aid). P.
E. Toren .

fusion, inert, determination of oxygen in
vanadium, niobJum, and tantalum.
G. J. Kamin et al .

fusion for direct determination of oxygen
in glasses, refractories and refractory
oxides. H. L. MacDonnell ot al.. ...

partition sampler for (aid). E. R.
Colson : .

streams process, continuous electrolytic
analyzer for acid or base components
of. R. L. Burnett and R. F. Klaver.

GASOLINE
determination of methyl-ethyl lead

alkyls in by gas chromatography
(symp.). H. J. Dawson, Jr .

simplified chromatographic method for
separation and identification of mixed
lead alkyls in (aid). W. W. Parker
and R. L. Hudson .

Gasometric determination of silanols by
lithium aluminum hydride method using
diglyme as solvent (corresp.). G. H.
Barnes, Jr. and N. E. Daughenbaugh ..

Gel filtration on Sephadex used for de­
termination of molecular weights of pro-
teins. J. R. Whitaker .

GERMANIUM
phenyltluorone used in spectrophoto­

metric determination of (corresp.).
H. B. Rayner .

-silicon alloys, gravimeilric analysis of.
K. L. Cheng and B. L. Goydish .

silicon halides, long-path infrared spec­
trophotometric method for purity ex-
amination of. M. J. Rand .

Gibbs equation and gas chromatography,
absorption of solutes at liquid-gas in-
terface (corresp.). R. L. Martin .

Girard reaction, preparation and isolation
of isomeric ketones by (sci. commun.).
1. C. Nigam and Leo Levi. .

GLASS
filter paper, suspension of precipitates

for liquid scintillation counting (aid).
D. R. Johnson and J. W. Smith .

porous, as adsorption medium for gas
chromatography. H. L. MacDonell
otal .

refractories, and refractory oxides, inert
gas fusion method for direct deter­
mination of oxygen in. H. L. Mac-
Donell et al .

GLUCOSE
and .oxidase, diphenylamine sulfonic acid

used for determination of; electro­
chemical determination of enzymes
using potential poisers. G. G. Guil-
bault et al .

in blood serum and plasma, enzymatic
determination of; automatic ampero­
metric measurement of reaction rates.
H. L. Pardue .

Grignard reagents, characterization of
alkyl and aryl halides by 2,4-dinitro­
phenylhydrazones of aldehydes from
reaction of, using dimethylformamide.
J. G. Sharefkin and Alex Forschirm....

Glycol substrate, polyethylene, gas chro­
matographic behavior of C,-C, saturated
alcohols and water on: effect of solid
support. Paul Urone and R. L. Pecsok

GLYCOSIDE8
fluorometric method for simultaneous

determination of digitoxin and
digoxin. 1. M. Jakovljevic .

methylated, thin layer chromatography
of some. Mildred Gee .

Gold, anodic stripping voltammetry with
carbon vaste electrodes. E. S. Jacobs

Granular Bolids, quantitative attrition used
for characteriZation of. D. E. Kramm
and 1. C. Stone .

GRAPHITE
electrode, pyrolytic, for voltammetry in
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579
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837

1513

350
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313

aqueous solutions. F. J. Miller and
H. E. Zittel. .

pyrolytic, oxygen determined in ura­
nium carbide coated with, by use of
current concentrator with induction
furnace. M. E. Smith et al.. .

Gravimetry, determination of hexafluoro­
phosphate as tetraphenylarsonium hexa­
fluorophosphate. H. E. Affsprung and
V. S. Archer .

Gums plant. preparation of films for in­
frared spectrophotometric analysis of
(aid). W. W. Morris, Jr., and William
Salmon .

H

Halides, alkyl and aryl, characterized by
2,4-dinitrophenylhydrazones of alde­
hydes from reaction of their Grignard
reagents with dimethylformamide. J.
G. Sharefkin and Alex Forschirm .

Hallcomids, liquid phase for gas liquid
chromatography of oxygenated sub­
stances (sci. commun.). Paul Urone
and R. J. Katnik .

Halocarbons, gas chromatography of
aqueous solutions. E. S. Jacobs .

Heats of vaporization, latent, from dis­
tillation rate data (sci. commun.). J.
G. Hanna and Sidney Siggia .

Heroin hydrochloride, infrared identifica­
tion of microgram quantities of
(corresp.). A. L. Mills .

HEXAFLUOROPHOSPHATE
determination of; amperometric titra­

tion of with tetraphenylarsonium
chloride. H. E. Affsprung and V. S.
Archer .

tetraphenylarsonium, gravimetric de­
termination of hexatluorophosphate
as. H. E. Affsprung and V. S. Archer

High boiling compounds, submicrogram
amounts of, quantitative analysis of, by
flame ionization gas liquid chromatog-
raphy. F. A. Vandenheuvel. .

High temperature diffuse reflectance spec­
troscopy, sample holder for. W. W.
Wendlandt ot al .

Hydrates, calcium sulfate, by infrared
using internally standardized mineral
oil mulls. R. J. Morris, Jr. et al .

HYDRAZIDE8
carboxylic acid, coulometric determina-

tion of. A. F. Krivis ot al .
1,5 - diphenylcarbo-, chromium(VI)-,

effect of gamma. radiation on reaction
hetween. H. E. Zittel. .

l,5-diphenylcarbo-, used in spectro­
photometric determination of tech­
netium. F. J. Miller and H. E. Zittel.

HYDRAZINE
and ammonia determined in nuclear

reactor loop samples. S. S. Yama-
mura and J. H. Sikes .

and l,l-dimethrlhydrazine in mixtures,
potentiometrIC and spectrophoto­
metric titration for end point detec­
tion. E. A. Burns and E. A. Lawler

chronopotentiometric oxidation at a
platinum electrode. A. J. Bard ....

controlled - potential coulometric de­
termination of (corresp.). G. L.
Booman and W. B. Holbrook .

HYDRAZONES
n-alkanal 2,4-dinitrophenyl-, infrared

spectrometric differentiation and iden­
tification. H. G. Lento and J. A. Ford

benzothiazoline, for determination of
aliphatic aldehydes in air (corresp.).
A. P. Altshuller and L. J. Leng .

2,4-dinitrophenyl-, of aldehydes, used
for characterization of alkyl and aryl
halides from reaction of their Grig­
nard reagents with dimethylform­
amide. J. G. Sharefkin and Alex
Forschirm .

2,4-dinitrophenyl-, of carbonyl com­
pounds identified in automobile ex­
haust by paper chromatography. E.
D. Barber and J. P. Lodge, Jr•......

p-nitrophenyl-. nonaqueous titration of,
with tetrabutylammonium hydroxide
(corresp.). W. T. Robinson, Jr. • t al.

Hydrobromination, determination of
normal alpha-olefins. J. C. Suatoni. ..

HYDROCARBONS
analysis using differential chemical ab­

sorption and flame ionization de-
tectors. W. B. Innes et al .

and carboxylic acid in basic solutions,
spectrophotometric determination of;
methods for obtaining material bal­
ance data in carbanion oxidation re-
actions. Harvey Pobiner et al .

applications of methylene insertion re­
action to component analysis of
symp.). Isaac Dvoretzky ot al.. ...

aromatic, analyzed by liquid chroma­
tography with operating conditione
analogous to those of gas chroma­
tography (sci. commun.). Clarence
Karr, Jr. ot al .

aromatic, gas chromatographic quan..
titative analysis of. J. Q. Walker et
al•...............................

aromatic, halogenated mono-nuclear;
hydrogen nuclear magnetic resonance
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1,3-Indanedione, colorimetric determina­
tion of nornicotine in tobacco and smoke;
comparison with improved paper chro­
matographic - ultraviolet spectrophoto­
metric method. Eugene Glock and M.
P. Wright... . . . . . . . . . . . . . . . . . . . . . . . . 246

INDICATORS
and dyes separated by horizontal chro­

matography accelerating ..pp..r8tus.
J. F. Herndon et al........... 238

and formal oxidation-reduction poten-
tials of some cyanide and 2,2'-bipyri-
dine complexes of iron, ruthenium, and
osmium. A. A. Schilt. . . . . . . . . . . . . . 1599

colorimetric reagents and analysis of
aluminum alkyls. D. F. Hagen and
W. D. Leslie...................... 814

oxidation-reduction, v..n ..dium(II)-I,IO-

~~p'n~~~~~~~.u.s~~.~~~~~i: ~~~~~.~.~ 1746
tr..nsition ranges in tertiary butyl

alcohol (corresp.). L. W. Marple
..nd J. S. Fritz. . . . . . . . . . . . . . .. . . . . 1305

INDIUM
complexed with 2-methyl-8-quinolinol

in absolute ethyl alcohol. W. E.
Ohnesorge. . . . . . . . . . . . . . . . . . . . . . .. 1137

controlled-potential coulometric deter­
mination of. W. R. Mountcastle, Jr.
et al.............................. 871

de..d-stop titration of. L. S. Martens
and Herschel Frye. . . . . . . . . . . . . . . . . 969

glass-electrode titration in presence of
thiocyanate. E. D. Moorhead and
G. M. Fr..me II.................. 1875

Injection time, influence of on the efficiency
of g..s chrom..togr..phic columns (sci.
commun.). Georges Guiochon....... 399

INSTRUMENTATION
analytical, in space exploration (rept.

for anal. chemists). E. L. Steele 23A (No.9)
apparatus for determination of p..rticle

density of porous solids (aid). F. O.
Cartan and G. G. Curtis........... 423

apparatus for extraction of gases for in­
jection into gas chromatograph, ap­
plication to oxygen and nitrogen in
jet fuel and blood. Samuel Natelson
and R. L. Stellate................ 847

apparatus for measurement of dielectric
constants of liquids over wide range of
values. P. P. Maloney ..nd R. N.
Smith............................ 2161

automated determination of trace
c..rbonyls (aid). S. A. Bartkiewicz
and L. C. Kenyon................. 422

automatic programmer for chromatog-
raphy elu..nts (aid). S. R. Lerner.. 1108

continuous photometric fluorine an-
..Iyzer. C. W. Weber ..nd O. H.
Howard. . . . . . . . . . . . . . . . . . . . . . . . . . 1002

countercurrent distribution train, step-
wise. Otto Post and L. C. Craig.... 641

differential dielectric ..pparatus for de­
termining water ..dded to solvents.
W. C. Wolfe...................... 1884

direct reading instrument for coulostatic
analysis. Paul Delah..y and Yasushi
Ide.............................. 1119

electronic polarographic volt..ge com­
pensator (aid). Raymond Annino
..nd K. J. Hagler.................. 1555

for ·continuous measurement of conden-
s..tion nuclei. G. F. Sk..la......... 702

for visual observation of differential
thermal analysis (..id). Jen Chiu.. 933

21

53

288

209

811

1457

777

multiple gradient chromatography col-
umns for volatile and nonvol..tile
buffers. M. A. Chase .

multipurpose design in, L. T. Hallett,
editorial. .

new companies invade instrument field,
(reDt. for an..l. chemists) 25A (No.8)

premixed oxyacetylene atomizer-burner
for flame emission and absorption
spectrometry (sci. commun.). R. N.
Kniseley et al.. . . . . . . . . . . . . . . . . . . . . 910

See Symposium Papers.............. 1770
titrator for constant current coulometrYt

autometric end point detector (aid).
C. B. Roberts and H. A. Brejch... . . . 1104

vertical-axis transmission-type filter­
fluorometer for solutions. M. H.
Fletcher · .

INSTRUMENTATION (monthlycolumn)
R. H. Muller
...c. circuits for Wheatstone bridges....

. . . . . . . . . . . . . . . . . . . . . . . .. . . 115A (No.7)
acoustical spectrometry 115A (No.7)
applications of the Hall effect 91A (No.8)
color-ch..nging plastics 15M (No.2)
detector for resolving the solar spectrl1m

in the soft x-ray region 97.A (No.9)
developments in electronics 105A (~o. 13)
moisture analysis system, nuclear radia-\.

tions 99A (No. 1)
optical potentiometer 129A (No.10)
skilled instrument technicians are needed

........................... 11lA (No. 12)
solid state systems 159A (No.2)
some Russian instrumentation develop-

ments 129A (No. 11)
switching devices 159A (No.2)
various devices for information display

........................... 129A (No. 10)
Integration, nuclear magnetic resonance

measurement of hydrogen types. J. L.
Jungnickel and J. W. Forbes........ 938

Interfacial resistance to band broadening
in gas chromatography. G. J. Krigeand
V. Pretorius.. . . . . . . . . . . . . . . . . . . . . . . . 2009

IODIMETRY
colorimetric, simplified preparation of

cadmium iodide linear starch reagent
for (corresp.). J. L. L..mbert and
Fred Zitomer. . . . . . . . . . . . . . . . . . . . . . 405

determination of hypobromite, bromite,
and bromate using ammonium sul-
fate. M. H. Hashmi and A. A. Ay..z 908

macro and micro determination of per-.
oxrdi~ulfate (corresp.). N. A.
FngerlO. . . . . . . . . . .. .. . .. . . . . . . . . . ~12

titration of free acid in iron(III) solu­
tions ..nd determin..tion of b..sic
iron(III) compounds (corresp.).
Kurt Starke..... . . . . . . . . . . . . . . . . . . 1310

IODINE
and selenium, analysis of antimony

telluride and bismuth telluride mix­
ture containing. K. L. Cheng and
B. L. Goydish.................... 1965

aromatic compounds oharacterized by
formation of polyvalent iodine deriva­
tives with peracetic acid. J. G.
Sh..refkin and Harold Saltzman.... 1428

at platinum electrodes, chronopoten­
tiometric investigation of adsorption
of (corresp.). R. A. Osteryoung.... 1100

-azide reaction used in automatic po­
tentiometric reaction rate method for

Sh~~h:~d.~:.~:.~~.r~~~.....~~ .~~~~~~
complexes of pl..tinum, palladium, rho­

dium, and iridium, extraction with 801..
vents. G. H. Faye and W. R. Inman 985

coulometrically generated, used to d!l­
termine water below 10 p.p.m. In
benzene and rel..ted solvents. R. F.
Swensen and D. A. Keyworth. . . . . . . 863

polarographic determination of
(corresp.). Stanislav Mizera....... 1320

rapid automatic reaction-rate method
for ultramicro determination of. H.
V. Malmstadtand T. P. Hadjiioannou 2157

ION EXCHANGE
an-, and recrystallization purification of

plutonium sulfate tetrahydrate
(corresp.). A. W. Wenzel and C. E.
Pietri. . . .. .. . . . . . . .. .. . . .. . . . .... 1324

an-, separation of magnesium and cal-
cium with alcohol-nitric acid. J. S.
Fritz and Hirohiko W ..ki........... 1079

an-, separations with tartaric acid.
G. F. Pitstick etaI... 995

and nonaqueous titration, determination
of potassium perchlorate in presence
of chloride ion. E. W. Albaugh .t al. 153

..pplied ~o analysis of phosphate rocks.
H. N. S. Schafer .

cat-, semi-automatic machine for gro~p
separation of radioelement-so W. C.
M ..thers and C. W. K. Hoelke...... 2064

cat-, separation and determination of
titanium. B. T. Kenna and P. J.
Conrad. . . . . . . . . . . . . . . . . . . . . . . . . . . 1255

cat-, separ..tion and spectrographic de­
termination of silicon in plutonium.
C. E. Pietri and A. W. Wenzel. .....

c..it'. s(f.a[J;,~~:e ~~ ~~~~'.. ~: .~'.~~i.t~.~~~
chromatoll:raphy for separation of ti­

tanium from rare earths, beryllium,
niobium, iron, aluminum, thorium,
magnesium, manganese, and other
elements. F. W. E. Strelow. . . . . . . . 1279

593

571

386

2213

1552

764

2217

2216
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with an argentation system. C. R.
Scholfield et al .

Hydroperoxides, application of electron
spin resonance to determination of hy­
droperoxides (sci. commun.). Hisashi
Ued .

Hydroquinone, colorimetric analysis of
methyl ether of, in ethyl acrylate in pres­
enCe of hydroquinone (corresp.). J. C.
Stone .

Hydroxylamine, chronopotentiometry of
(sci. commun.). D. G. Davis .

Hydroxyl equivalent weights. of 1l0lyoxy­
alkylene compounds, phenyl isocya­
nate method for the determin..tion. D.
H. Reed .t al .

HYDROXYL GROUPS
in polymers, phosgene used in determina-

tion of. D. G. Bush et al .
sterically hindered, use of diborane for

determination of active hydrogen of
(corresp.). G. H. Schlenk .

Hydroxyproline, two improved and simpli­
fied methods for colorimetric deter­
mination of. Imanuel Bergman ..nd
Roy Loxley .

HYPOBROMITE
direct amperometrio end-point detec­

tion ..pplied to coulometric titration
of ammonia using (corresp.). G. D.
Christian et al .

direct coulometric titrations using
(corresp.). A. F. Krivis et al .

HYPOCHLORITE
determination of chlorite; critical study

of different methods. M. H. Hashmi
and A. A. Ay..z .

-phenol reaction with substances other
than ammoni... J. T. Wearne .

chemical shift correlations (aid). F.
C. Stehling. . . . . . . . . . . . . . . . . . . . . . . . 773

aromatic, phenols and aryl ethers, study
of "II" complexes of tetracyanoethylene
with. G. H. Schenk et al.. . . . . . . . . . 167

aroma.tic. polycyclic, selective separation
by countercurrent distribution with
solvent system containing tetra­
methyluric ..cid. J. D. Mold et al... 2071

aromatic, separation of xylenes and
ethylbenzene by g..s chrom..tography
(corresp.). S. F. Spencer.......... 592

aromatic, 1,2,3 - tris(2 - cyanoethoxy)­
propane 8S stationary phase in gas
chrom..togr..phic ..nalysis of (corresp.).
C. A. Clemons et al.. . . . . . . . . . . . . . . . 1546

butylene isomers identified by gas chro­
matogr..phyand NMR. S. A. Fran-
cis and E. D. Archer............... 1963

C, to C. in p.p.m. range, g..s chrom..to­
graphic analysis in air and in vapor-
ized liquid oxygen. C. J. Kuley. . . . 1472

C.-Cn n-p..r..ffins determined in gasoline
by gas chromatography. D. K.
Albert " 1918

complex mixtures resolved by capillary
column gas-liquid chromatography;
composition of the 28°-114° C. por­
tion of petroleum. R. D. Schw..rtz
and D. J. Brasseaux.............. 1374

determination of trace amounts of total
acetylenes in. M. W. Scoggins and
H. A. Price. .. . . . . . . . .. . . .. . . . . . . . 48

determined in crude oil by capillary­
column gas chrom..tography. R. L.
Martin and J. C. Winters...... .... 1930

gas chromatography of aqueous solu-
tions. E. S. J ..cobs......... ...... 2035

in gases, by differential chemical absorp-
tion and flame ionization detectors.
W. B. Innes et al.. . . . . . . . . . . . . . . . . . 1198

isoparaffin-olefin alkylate, component
analysis by gas chromatogr..phy. L.
R. Durrett et al.. . . . . . . . . . . . . . . . . . . 637

olefins, C" identified by gas cbroma-
togr..phy and NMR. E. D. Archer
et al.. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1369

olefine. 00000-, assignment of cis-trans
configuration to. R. A. Hively. . . . . . 1921

paraffins and alcohols of high molecular
weight, study of flame response in gas
chromatography measurements. Ger..
aid Perkins, Jr. et al.. . . . . . . . . . . . . . . 360

petroleum samples boiling in the kero-
sene range, direct m8SS spectrometry
of. L. R. Snyder et al.. . . . . . . . . . .. 1676

polynuclear, in mixtures. gas chromato....
graphic determination of trace
amounts of. William Lijinsky et al. 952

reflectance fluorescence spectra of aro­
matic compounds in potassium bro­
mide pellets. B. L. Van Duuren and
C. Bardi. . . . . . . . . . . . . . . . . . . . . . . . . . 2198

separation by gas chromatography using
graphitized carbon black. C. G.
Pope............................. 654

HYDROGEN .
active, of sterically hindred hydroxyl

groups, diborane used for determina-
tion of (corresp.). G. H. Schenk. . . . 593

-oarbon ratios, neutron soattering for
determination of. H. L. Finston ..nd
Emanuel yellin...... 336

cell assembly for st..ndard E. M. F.
measurements. P. G. Sibbald and
George Matsuyama " 1718

cyanide and cyanogen, determination of
by gas chromatography (corresp.).
R. E. Isbell.... .. . . . .. .. . . . . .. . . . . . 255

decimilligram determination of. Kei-
ichiro Hozumi and W. J. Kirsten.... 1522

determination in metals determined by
inert gas fusion manometric method.
B. D. Holt and H. T. Goodspeed.... 1510

determin..tion of sodium by isotopic
dilution with tritium. Cl..yton Evans
and John Herrington............... 1907

determined in thin metal films by means
of flash discharge lamp (sci. commun.).
W. G. Guldner.................... 1744

hydridic and active, gas chromato­
graphic technique for determination
in organic materials; microanalysis of
borane compounds ..nd alcohols. Ihor
Lysyj and R. C. Greenough........ 1657

nuclear magnetic resonance chemical
shift correlations for; halogen..ted
mono-nuclear aroma.tic hydrocarbons
(aid). F. C. Stehling............. 773

peroxide, combustion - gss chroma,..
tography for determin..tion of carbon
in. F. M. Nelsen and Sigurd Groen-
nings............................. 660

peroxide, controlled-potential coulo­
metric determin..tion of. J. E. Harr..r 893

reduction of oxides, for oxygen deter­
mination in pl..tinum. G. C. Fry-
burg and D. A. Otterson. . . . . . . . . . . . 586

sulfide determination of rhodium in
rhodium-uranium alloys by precipita-
tion using (corresp.). E. J. M ..ienthal 1094

types, quantitative measurement by in­
tegrated NMR intensities. J. L.
Jungnickel ..nd J. W. Forbes........ 938

HYDROGENATION
multiple (aid). R. A. Eisenhauer and

R. E. Beal. . . . . . . . . . . . . . . . . . . . . . . . 1110
of linolenate; fractionation of isomeric

esters by countercurrent distribution
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determination of available lysine in plant
proteins. S. R. Rao et uL . . . . . . . .. 1927

inorganic, from nitrate media, absorp-
;zion of elements on. ·W. J. Maeck
et al................... 2086

liquid, separation of calcium and stron-
tium; determination of total radio­
strontium in milk. F. E. Butler.... 2069

membranes, applied to automatic coulo­
metric aqueous acid-base titrations.
P. P. L. Ho and M. M. Marsh...... 618

resins, fine partic1e-size~L fractionation
of (aid). Brazil Vassiliou and Robert
Kunin.............. .. .. 1328

resina, Karl Fischer reagent method
used for determinaticn of moisture
in. F. X. Pollio. . . . . . . . . . . . . . . . . .. 2164

resin, used for conver.sion. separation,
and determination of c:hlorophylls as
pheophytins. J. R. Wilson and
M.-D. Nutting.. 144

separaticln of brominsted salicylanilides
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Skelly and W. B. Crummett. . . . . . .. 1680

use of chlorine lor quantitative elution
of Cu(II) from Dowex 1 resins (aid).
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IRIDIUM
and rhodium, 1-(2-pyridylazo)-2-naph­

thol used in simultaneous spectro­
photometric determination of. J. R.
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platinum, palladium, and rhodium,
scheme for separation by solvent ex­
trac',ion. G. H. Faye and W. R.
Inman............................ 985
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8-Aminoquinoline used for spectrophoto­

met·ric determination. V. K. Gustin
and. T. R. Eweet.. 13'J5

and manganese(III) as dual inter­
mediates in coulometric titration.
R.P.Buck........................ f.92

and manganese(III) as dual inter­
mediates in coulometric titration of
ni';rite. R. P. Buck and T. J. Crowe li97

and ruthenium and osmium, formal oxi­
dation-reduction potentials and indi­
cator characteriHtics of some cyanide
and 2,2'-bipyridine complexes of.
A. A. Schilt...................... J.599

and steel, phosphorus determined in,
with quinoline molybdate; develop-
ment of basic Jrtethod; effects of in­
terfering elements. Art,hur Lench.. 1695

and uranium, potantiometric determina­
l,ion of, utilizing a lead reductor. W.
R. Amos and W. B. Brown. . . . . . . . . . 309

..2,2 /-bipyrimidine complex, properties
and applications of. D. D. Bly and
M. G. MeHon. . . . . . . . . . . . . . . . . . . .. 1386

content of individual stainless steel
microsphere3, determination of. P.
A. Benson and. C. E. Gleit. . . . . . . . . .. 1029

ferrous, and st"el alloys, Claisse borax
dish x-ray fJ.uorescence method for
determination of molybdenum, tung­
sten, niobiuDl, and taotal urn in. C.
L. Luke......................... .. 56

isotope dilution. analysis using cli··
ethylacetic acid for determination of.
Inara Menda and T. R. Sweet. . . . . .. 1904

:2,6-pyridinedi~.arboxylicacid and 2,4,6­
pyridinetricarboxylic acid for spec.­
trophotometric determine.tion of.
Ichiro Morimoto and Susumu Tanaka 141

separation ano d:etermination of, iron (II)
and (III). D. L. Dinsel and T. n.
Sweet.... .. .. 2077

solutions, titration of free acid in, and
determination of basic iron(III) com­
pounds (corresp.). Kurt Starke... 1310

used for amperometric titration of plu­
tonium(VI). C. A. Seils el al.. . . . . .. 1673

Isobutylene, t.ri-, and tetra-, isoIDf:rs,
identification by combination of gas
chromatography and nuclear magn<,tic
resonance te.chniquea. S. A. Francis
and E. D. Archer.................... 1363

ISOCYANATE
phenyl, method for the determination

of hydroxyl equivalent weigh',. of
polyoxyalkylene compounds. D.. H.
Reed et al.. . . . . . . . . . . . . . . . . . . . . . . . 571

See Cyanate;s, iso-.
Isomerization of polyunsaturat"d :>cids

during ester preparation (sci. comm.un.).
H. J. Ast. . . . • . . . . . . . . .. . . . . . . . . . . . . 1539

Isoparaflin-olefin alkylate component
analysis by capillary gas chron:.atog-
raphy. L. R. Durrett el al.. . . .. . . . . • . 637

Isotopes. See Radiochemistry.
ISOTOPE DILUTION

analysis for determination of 'iron with
diethylacetic acid. Inara Meneis and
T. R. Sweet. . . . . .• . . . . . . . . . . . . . . . . 1904

determination of americium in eurium
(corresp.). C. J. Banick et al.. . . . . . . 1312

using C136, for determination of true
chloride content of biologica" fluids
and tissues. Ernest Cotlove.. . . . . . . . 95

with tri1,ium, determinat.ion of hydrogen
in sodium by. Clayton Evans and
John Herrington................... 1907

ISOTOPES
in analyt.ical chemistry, Instrumentation

column. R. H. Muller 1l7A (No.6)
uraniUJD, by atomic absorption (sci.

commun.). J. A. Goleb........... 1978
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Jet fuel and blood, apparatus for extraction

of gases for injection into gas chromato­
graph; application to oxygen and nitro­
gen in. Samuel Natelson and R. L.
Stellate.. .. . . . . . . . . . . . . . . . . . . . . . . . . . 847

K
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reagent determination of moisture in ion
exchange resins. F. X. Pollio. . . . . .. 2164

reagent determination of water content
of KHF,. (corresp.). G. B. Barbi and
Sergio Pizzini. . . . . . . . . . . . . . . . . . . . . 409

titration (see Titration, KF) determina­
tion of water and alkali metal oxide
in alkali metal salts of selenium and
tellurium. P. T-I. Chiang and W. C.
Cooper '" 1693

titration of water in red fuming nitric
acid. E. A. Burns and R. F. Muraca. 1967

titrator, automatic, some experimental
parameters of, utili7.ing amplification
by relay (corresp.). D. R. Gere and
C. E. Meloan... . .. . . . . . . . . . .. . . . . . 597

Ketones, isomeric, preparation and isola-
tion by Girard reaction (sci. commun.).
I. C. Nigam and Leo Levi. . . . . . . 1087

KINETICS
application of differential reaction rates

to analysis of mixtures of diazonium
compounds. Sidney Siggia et al.. . . . . 575

differential, applied to separation proc- .
esses for analysis of mixtures. Sidney
Siggia et al. . . . . . . . . . . . . . . . . . . . . . . . 365

of chemical reaction coupled between
two charge transfer reactions; po­
tentiostatic reduction of p-nitroso­
phenol. G. S. Alberts and Irving
Shain. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1859

parameters of pyrolysis reactions, analy-
sis ot thermo~ravimetric traces. H. H.
Horowitz and Gershon Metzger. . . . . 1464

precipitation, effect of sedimentation
upon (corresp.). A. G. Walton. . . . . . 917

temperature dependence of separation
processes (sci. commun.). J. G.
Hanna and Sidney Siggia..... . .. ... 911

KJELDAHL DIGESTION
micro-, total, spectrophotometric deter­

mination of; application of phenol-hy­
pochlorite reaction to microgram
amounts of ammonia in total digest of
biological material. L. T. Mann, Jr.. 2179

(using Raney nickel alloy catalyst) rapid
determination of small concentrations
of nitric acid in sulfuric acid (corresp.).
Charles Wankat el al.. . . . . . . . . . . . . .. 1090
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Lai and B.-C. Wang............... 905

Lacquers identification and determination
by programmed temperature gas chro­
matography of plasticizers in. G. G.
Esposito. . . . . . . . . . . . . . . . . . . . . . . . . . .. 1439.

Lanthanum(llI) in anhydrous ethylenedi­
amine, polarography of. L. C. Hall
and D. A. Flanigan. . . . . . . . . . . . . . . • 2108

LEAD ALKYLS
determined by gas chromatography with

electron capture detector. (corresp.).
E. J. Bonelli and H. Hartmann...... 1980

methyl-ethyl, gas chromatographic de­
termination (symp.). H. J. Dawson,
Jr.............. 542

mixed, simplified chromatographic
method for separation and identifica­
tion in gasoline (aid). W. W. Parker
and R. L. Hudson. ... . . . . . . . . . . . .. 1334

LEAD
cation exchange separation of. J.S.

Fritz and R. G. Greene.. .. .. . . . . . . . 811

ETDA titration of in the presence of
orthophosphate and alkaline earths
(corresp.). F. H. Blood and W. H.
Nebergall. . . . . . . . . . . . . . . . . . . . . . . .. 1089

in minerals, quantitative radiochemical
procedure for analysis of. H. T. Mil-
lard, Jr.. . . . . . . . . . . . . . . . . . . . . . . . .. 1017

reductor used for the potentiometric de­
termination of uranium and iron. W.
R. Amos and W. B. Brown.. . . . . . . . . 309

Leak, liquid. chromatographic detection.
Ishmael Ortega and J. D. Cyrus. . . . . . . 1649

Linolenate, hydrogenation of; fractiona­
tion of isomeric esters by countercurrent
distribution with an argentation system.
C. R. Scholfield el al.. . . . . . . . . . . . . . . . . 386

Lipase activity, fluorescent method for
determining (sci. commun.). D. N.
Kramer and G. G. Guilbault.. . . 588

Lipid extracts, total, chromatographic
p~rification of steroids from. Raymond
Hernandez, Jr. and L. R. Axelrod...... 80

Liquid-junction potential, evaluation of.
I. V. Nelson and R. T. Iwamoto..... .. 867

LITHIUM
aluminum hydride method, diglyme as

solvent in gasometric determination of
silanols (corresp.). G. H. Barnes, Jr.
and N. E. Daughenbaugh. . . . . . . . .. 1308

and lithium-6, analysis by counting de-
layed neutrons. Saadia Amie! and
Yehuda Welwart. . . 566

determined in aluminum by flame pho­
tometry; organic solvents used for
sub-milligram amounts. W. E. Pil-
grim and W. R. Ford.............. 1735

determillation of oxygen in. R. J.
Jaworoski el al.. . . . . . . . . . . . . . . . . . .. 1275

potentiometric titration in pyridine; ti­
tration of acids in nonaqueous sol-
vents. W. M. Banick, Jr.. el al.. . . .. 1413

Lubricants and fuels, analyst in automo-
tive industry, Charles Gambrill et al.
(rept. for anal. chemists) 25A (No.7)

Luminescence spectra, correction of; and
calculation of quantum efficiencies using
computer techniques. H. V. Drushel et
al.. . . 2166

Lysine, available, determined in plant pro·
teins. S. R. Rao el al.. . . . . . . . . . . . . . . . 1927
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MAGNESIUM
alcohol-nitric acid used for anion ex­

change separation of calcium and. J.
S. Fritz and Hirohiko Waki......... 1079

o,o'-dihydroxyazo compounds as fluoro­
metric reagents for. Rodney Olsen
and Harvey Diehl. . . . . . . . . . . . . . . . . 1142

silicate used in chromatography of sugar
acetates and methyl ethers. M. L.
Wolfrom et al.. . .. . .. . .. . .. . .. . . . .. 1357

spectrophotometric and fiuorometric de-
termination of, using o,o'-dihydroxy­
benzene. Harvey Diehl el al.. . . . . . . • 1144

Magnesol. Se. Magnesium Silicate.
MALONALDEHYDE

comparison of methods for spectrophoto­
metric determination of. Eugene
Sawicki el al.. . . . . . . . . . . . . . . . . . . . . . 199

new color reaction of anthrone with, and
other aliphatic aldehydes. T.-W.
Kwon and B. M. Watts............ 733

MANGANESE
and iron(lI) as dual intermediates in

conlometric titration. R. P. Buck. . . 692
and iron (II) as dual intermediates in

coulometric titration of nitrite. R. P.
Buck and T. J. Crowe. . . . . . . . . . . . . . 697

in ;;'~~fI~r ade~e~~1~H~Ks,~~me~~0:t
Johnson and P. F. Lott............ 1705

in natural diamonds, neutron activation
analysis used to determine submicro-
gram quantities of. E. C. L4thtowlers 1285

submicrogram quantities of, sensitive
method for determination of. A. A.
Fernandez et al..... 1721

2-thenoyltrifluoroacetone for rapid ex­
traction of; spectrophotometric de­
termination in organic phase. A. K.
De and Md. S. Rahaman........... 159

Marihuana, cannabis-gas and paper chro­
matography applied to identification and
origin determinations. T. W. M. Davis
.tal.. 751

Mechanisms of gas chromatography, na-
ture of eddy diffusion. J. C. Giddings. 1338

Melting points. capillary, anomalous, for
sugars obtained with borosilicate glass
capillaries (corresp.). Leon Segal and
D. J. Stanonis. 1750

Membranes, ion exchange, applied to auto­
matic coulometric aqueous acid-base
titrations. P. P. L. Ho and M. M.
Marsh... . 618

Membrane filter, infrared differential tech­
niqueemploying (aid). H. J. Sloane... 1556

Mercaptans, gas liquid chromatogra.phic
detection and identification of. K. F.
Sporek and M. D. DanY;. . . . . . . . . . . . . . 956

Mercuric acetate complexes of acetylenic
compounds, spectrophotometric deter­
mination of. Sidney Siggia and C. R.
Stahl............................... 1740

Mercuric iodide and potassium iodate com-



plexes. ditlul:Je reflectance spectra of.
T. R. Griffiths .

MERCURY
and antimony, fast paper chromatogra­

phy of different valence states of.
Mohsin Qureshi and M. A. Khan ....

in biological material, neutron activation
analysis for estimation of. Hamilton
Smith .

pOTosimetry, modifications in. L. K.
Frevel and L. J. Kressley .

trace, photometric method for deter­
mination, using Beckman DU spectro­
photometer (corresp.). R. E. Mansell
and E. J. Hunemorder .

METALS
analysis in propellants by use of per­

chloric acid. J. B. Macorkindale and
J. J. Lamond .

chelates, detection in gas liquid chroma­
tography by electron capture. W. D.
Ross .

chelate formation constants, dissociation
and; 8-mercaptoquinoline as analyti-
cal reagent. Alfio Corsini et al .

chelates in analytical chemistry; report
of 16th annual symposium. Quintus
Fernando et al. .

divalent, spectrophotometric titration of
some. in chloroform-isopropyl alcohol
solvent mixture. R. K. Behm and R.
J. Robinson .

ferrous, gas chromatot!raphic determina­
tion of carbon in. Chen-Win Kuo and
Joe M. Walker .

films, thin, determination of oxygen, hy­
drogen, nitrogen, and carbon in, by
means of a flash discharge lamp (sci.
commun.). W. G. Guldner .

in'biological materials, fluorescence tech­
niques in microdetermination of;
utility of 2,4-bis-(N,N'-di-(carboxy­
methyl) aminomethyl] fluorescein in
fluorometric estimation of AI +3, alka­
line earths, CO+2, Cu +2, Ni +2, and
Zn +2 in micromolar concentrations.
D. F. H. Wallach and T. L. Steck.....

inert gas fusion manometric method for
determination of nitrogen, oxygen,
and hydro!,:en in. B. D. Holt and H.
T. Goodspeed .

ions, di-n-butyl phosphorothioic acid as
an extractant for. T. H. Handley ....

ions, heavy, some, new complexometric
titration method for determination of.
F. G. Sherif and n. 1. Raafat .

ion, I-hydroxypyridine-2-thione systems,
polaro!,:raphic analysis of series of. A.
F. Krivisetal .

ions separated from mixtures by electro­
chromatography. Joseph Sherma et
el .

ions, separation of, by anion exchange in
tartrate medium. G. F. Pitstick et al.

ions, transition 1,-(2-pyridylazo)-2-naph­
thol used in solvent extrcation; study
of complex formation and distribution
equilibria. D. Betteridge et al .

polyphase, x-ray fluorescence analysis of,
using borax glass matrix (corresp.).
Suren Sarian and H. W. Weart ...•

rapid and accurate determination in
motor oils and additives (corresp.).
A. L. Hensley and J. G. Bergmann ...

separated on filter paper as ferrocy­
anides; precipitation chromatogra­
phy. A. M. Liimatta and J. D. Spain

spectrometric determination of trace
elements in milk. J. L. Voth .

spectropolarimetric titration of with
asymmetric indicators. Stanley
Kirschner and D. C. Bhatnal';ar ....

trace analysis of, by borax disk x-ray
spectroscopy (corresp.). C. L. Luke ..

trace, in oils, determined by sulfur in­
cineration with spectrophotometric
finish. E. J. Agazzi et al .

trace, in refinery fluid catalytic cracking
feedstocks, improved x-ray fluores­
cence method for. W. A. Rowe and
K. P. yates .

vacuum distillation of, applied to radio­
chemical· separations. J. R. DeVoe
and W. W. Meinke .

Metallic filament morphology, determined
by ultramicrotomy, (aid). W. K. Tice
anc! W. R. Lasko .

MetallurlIT, nonferrous (rev.). Fritz Will
III and M. L. Moss .

Methanol, gas chromatographic determina­
tion of traces of ethanol in. K. J. Bom-
baugh and W. E. Thomason .

Methylene insertion reaction applied to
component analysis of hydrocarbons
(symp.). Isaac Dvoretzky et al .

Methylene rocking band of aliphatic mole­
cules, study of integrated area of. H. F.
Smith and A. S. Rosenberg .

METHYL ORANGE
reagent for spectrophotometric deter­

mination of primary, secondary, and
tertiary amines. R. M. Silverstein ..

spectrophotometric method for Schiff
bases (corresp.). R. E. Keller .

MICROANALYZER
electron beam, quantitative analysis

using. T. O. Ziebold and R. E. Ogilvie
multichannel, for electron probe micro­

analysis. L. S. Birks and A. P. Batt ..
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U. S. army CBR Agency (rept. for anal.
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Phosphonic acids and phosphorous, maSfl
spectrometry of esters of. J. L. Occolo-·
witz and G. L. White......... . .... ... 1179

Phosphoric acid-pe.rchloric acid-ferric chlo~
ride reagent used for rapid determination
of total cholesterol in blood serum (cor-
resp.). Tsutomu ~vIomose et al......... 1751

PHOSPHORODITHIOIG ACIDS
di8.lkyl, behavior in liquid extraction sys-

tems. R. H. Z'lcal et al.. . . . . . . . . . . . 988
dialkyl-, zinc complexes. T. H. Hand-

ley et al.. . . . . . . . . . . .. . . . . . . . . . . . .. 1163
di-n-butyl, as an extracts,nt for metal

ions. T. H. Handley. . . . . . . . . . . . . . . 991
PHOSPHORUS

and/or nitrogen, simple method for
simultaneous microdetermination
with boron in organoboranes. R. C.
Rit,tner and Robert Culmo. . . . . . . . .. ~.268

and phosphonic acids, mass spectrom­
etry of esters of. .T. L. Occolowitz and
G. L. White................... .... 1179

detel'mined in iron and steel with quino-
lin.e molybdate; development of basic
method; effects of interfering ele­
men.ts. Arthur Lench ....-. . . . . . . . .. 1395

neutron activation method for deter­
mi.na~ion of, in hypereuteC'tic silicon/­
alurmnum alloys. Robert Blackburn
and B. F. G. Peters, . . . . . . . . . . . . . . . . 10

Phospbovanadomolybdic acids and their
amonium salts, analysis of (corresp.).
W. H. Price and R. H. Maurer. . . . . . . . . 595

PHOTOCHEMICAL
proceas, analytical application of; pho­

tonometric titration of dissolved oxy­
gen and copper(Il). Theodore
Kuwana. 13!l8

versatile system for liquid~phase quan-
tum yield meas~lfements. D. J.
Trecker and .T. P. Henry. . . . . . . . . . .. 1882

Photogra,phic developers which intensify
silver halide spots 00 paper chromato-
grams (corresp.). E. F. Mellon .t al.. . . 1326

Photoneutron method used for determina-
tion of beryllium. Gerald Goldstein. . .. 162,)

O-Phthalic acid, polarographic and chrono­
potentiometric behavior in acidic solu-
tions. R. P. Buck...... . . . . . . . . . .. ... 181m

Phthalic anhydride, spectrophotometric
determination of l,4-naphthoquinone in.
C. E. Gonter and J. J. Petty. . . . .. . . . . . 663

PLANTS
fluorometric determination of selenium

in. W.B.Dyeetal.. 1687
gums, preparation of films for infrared

spectrophotometric l1nalysis of (aid).
W. W. Morris, .Tr.. and William Salmon 600

material direct flame photometry of sus­
pension for potassium analysis of. J.
L. :Mason ,.............. 874

proteins, determination of lysine in. S.
R. Ro.o et al , . . . . . . . . . . . . . . 1927

PLAS'l'ICIZERS
in lacquers, identified and determined by

programmed tempera-ture gas chroma­
tography. G. G. Esposito. . . . . . . . . . 1439

in plastics, fast gas liquid chromato­
graphic qualita.tive and quantitative
microanalysis of. Javier Zulaica and
Georges Guiochon , . . . 1724

PLASTICS
fast gas liquid chromatographic qualita-

tive and quantitative microanalysis of
plasticizers in. Javie,r Zulaica and
Georges Guiochon. .. . . . . . . . . . . . . . . . 1724

paint and rubber, analyst in the automo­
bile industry, S. S. Lord. •t al. (rept. for
ana!. chemists) 25A (No.7)

PLATINUM
anodes reaetion of triethylamine at, in

acetonitrile solution; solvent back-
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966

1386

73

113

69/

1441 /

1454 /

1306

1644

1464

1834

coulometry. high speed controlled, with
large electrode area-to-solution volume
ratio. A. J. Bard. . . . . . . . . . . . . . . . .. 1125

liquid·junction, evaluation of. 1. V. Nel-
son and R. T. Iwamoto. . . . . . . . . . . . . . 867

...time curves recorded on direct reading
instrument for coulostatic analysis.
Paul Delahay and Yasushi Ide. . . . . . 1119

Potentiometers for calihration (monthly
column). R. H. Muller 136A (No. 10)

POTENTIOMETRY
acid-base equilibria in tertiary butyl al-

cohol. Leland Marple and J. S. Fritz. 1223
and spectrophotometric titration for end

point detection of hydrazine and 1,1­
dimethylhydrazine in mixtures. E. A.
Burns and E. A. Lawler. . . . . . . . . . . . . 802

and spectrophotometric titration of
metal chelates of pyridine-2,6-dial-
oxime. S. P. Bag et al.. . . . . . . . . . . . . 719

automatic reaction rate method for
cystine using azide-iodine reaction.
H. L. Pardue and Sandra Shepherd. . 21

constant current, applied to titration of
cobalt with potassium ferricyanide
(corresp.). Byron Kratochvil.. . . . . . . 1313

constant-current, end point detection
system; coulometric determination of
bromine numbers. Frederick Bau-
mann and D. D. Gilbert. . . . . . . . . . .. 1133

continuous electrolytic analyzer for
acidic or basic components of process
gas streams. R. L. Burnett and R. F.
Klaver. 1709

determination of boron in boron sili-
cides. A. J. Frank. . . . . . . . . . . . . . . . . 83

determination. of uranium and iron util-
izing a !<;ad reductor. W. R. Amos and
W. R. Brown...................... 309

differential determination of selenium
and tellurium in refined selenium prod­
ucts. Silvio Barabas and P. W.
Bennett. . . . . . . . . . . . . . . . . . . . . . . . . . 135

differential determination of tellurium in
refined tellurium products. P. W.
Bennett and Silvio Barabas. . . . . . . . . . 139

precision null-point, separation of trace
quantities of oromide from large
amounts of chloride by distillation
method and bromide then measured
by. J. D. Winefordner and Maung
Tin. . . .. .. .. . . 382

reaction of triethylamine at platinum
anodes in acetonitrile solution; solvent
background with perchlorate support-
ing electrolyte (sci. commun.). C. D.
Russell. . . . . . . . . . . . . . . . . .. . . . . . . .. 1291

titration, direct· determination of some
alkali metal ions (corresp.). G. A.
Rechnitz et al.. . . . . . . . . . . . . . . . . . . .. '1322

titration of acids in N,N-dimethyl amide.
C. A. Reynolds et al.. . . . . . . . . . . . . . . . 973

titration of lithium and sodium per­
chlorate in pyridine; titration of acids
in nonaqueous solvents. W. M.
Banick, Jr., et al.. . . . . . . . . . . . . . . . . . 1413

titrations, pyrolytic graphite electrode
as. indicator electrode for (corresp.).
F. J. Miller. . . . . . . . . . . . . . . . . . . . . . . . 929

Praseodymium (III) in anhydrous ethylene­
diamine, polarography of. L. C. Hall
and D. A. Flanigan , 2108

PRECIPITATION
column fractional, separation of· stereo­

isomers. W. W. Schulz and W. C.
Purdy... . 2044

kinetics, effect of sedimentation upon
(corresp.). A. G. Walton........... 917

methods, column fractional, equations
for average solvent composition and
interstitial column volume in (aid).
W. W. Schulz and W. C. Purdy. . . .. 2222

Pressure transducers (monthly column).
R. H. Muller 129A (No. 10)

PROPANE
trimethylol-, used for determination of

free toluene diisocyanate in adducts.
N. R. Neubauer et al.. . . . . . . . . . . . .. 1647

1,2,3-tris(2-cyanoethoxy)-, as stationary
phase in gas chromatographic analysis
of aromatic hydrocarbons (corresp.).
C. A. Clemons et al.. . . . . . . . . . . . . . .. 1546

Propanoic acid. See Propionic acid.
Propionic acid, 3-nitro-, polarographic de­

termination of. M. M. Frodyma et al... 1403
PROPELLANTS

analysis, perchloric acid used in. J. B.
Macorkindale and J. J. Lamond..... 1058

nitrocellulose-base, volumetric and
colorimetric determination of oxamide
in. J. B. Apatoff et al.. . . . . . . . . . . . . 800

polyurethane, quality control of curing
by infrared spectrometry. E. A.
Burns.. 1270

PROPYLENE
determined in ethylene-propylene co­

polymers by infrared spectrometry.
J. E. Brown et al.. . . . . .. .. . . . . . . . .. '2172

-ethylene copolymers, spectroscopic
analysis of. H. V. Drushel and F. A.
Iddings........................... 28

PBOTEIN
contamination of deoxyribonucleic acid

determined by Folin-Lowry method
(corresp.). G. R. Shepherd and P. A.
Hopkins.. . . . . . . . . . . . . . . . . . . . . . . . . 1548

gel filtration on Sephadex used for deter­
mination of molecular weights of. J.
R. Whitaker. . . . . . . . . . . . . . . . . . . . . . 1950

plant, determination of available lysine
in. S. R. Rao et al......... .. . ..... 1927

Proton chemical shifts, graphic representa-
tion of; general consideration and
methyl and methylene groups. Kenkichi
N ukada et al .

Pump, gas circulating, and electrolysis cell;
electrochemistry of gases (aid). P. E.
Toren .

PYRIDINE
bis(4.4',6,6' - tetramethyl- 2,2' - bi-), and

bis(2,9'- dimethyl- 1,10 - phenanthro­
line)copper(I) ions, visible absorption
characteristics of. J. R. Hall et al .. ..

-2,6-dialdoxime, spectrophotometric and
potentiometric study of certain metal
chelates of. S. P. Bag et al .

di- and tricarboxylic acid for spectro­
photometric determination of iron.
Ichiro Morimot and Susumu Tanaka.

polarographic current of nickel(II) com-
plexes of, applied to analysis. H. B.
Mark, Jr., and C. N. Reilley .

potentiometric titration of lithium and
sodium perchlorate in; titration of
acids in nonaqueous solvents. W. M.
Banick, Jr., et al. .

reagent for detection of acids on paper
chromatograms (corresp.). J. Cer-
bulis and M. W. Taylor, .

thione, I-hydroxypyridine-, polaro-
graphic analysis of series of metal ion
systems of. A. F. Krivis et al .

Pyrimidine, iron(II)-2,2'-bi-, complex,
properties and analytical applications of.
D. D. Bly and M. G. Mellon .

PYROLYSIS
and gas chromatography of poly(ethyl­

ene ethyl acrylate) and poly(ethylene
vinyl acetate). E. M. Barrall II et al.

and-gas chromatography on decom­
position of dialkyl peroxides (corresp.).
Seymour Hyden .

and-gas chromatographic technique;
effect of temperature on thermal degra­
dation of polymers. Kitty Ettre and
P. F. Varadi. .

and gas-liquid chromatography, com­
bined. comparison of pitch resins from
different sources. Clarence Karr, Jr.
d~ .

controlled, analysis of polyether and
polyolefin polymers by gas chromato­
graphic determination of the volatile
products resultinl< from. E. W. Neu-
mann and H. G. Nadeau .

modification of thermogravimetric bal­
ance for experiments in controlled at­
mosphere (corresp.). D. A. Smith ...

of tetramethylammonium salts of methyl
esters for gas chromatography of acids.
E. W. Robb and J. J. Westbrook III ..

reactions, kinetic parameters of; new
analvsis of thermogravimetric traces.
H. H. Horowitz and Gershon Metzger.

thermal, investigation of comonomer dis-
tribution in ethvlene-acrylate copoly­
mers (symp.). K. J. Bombaugh et al..

Quantum yield, liquid-phase, versatile sys­
tem for measurements. D. J. Trecker
and J. P. Henry. . . . . . . . . . . . . . . . . . . . . . 1882

QUENCHING
of fluorescence of aldehydes eliminated

by acetal formation. D. P. Crowell
and C. J. Varsel... . . . . . . . . . . . . . . . . . 189

quantitative interpretation of color
quenching in liquid scintillator sys-
tems. H. H. Ross and R. E. Yerick.. 794

Quinalizarin, sensitivities and other proper-
ties of reagents for colorimetric deter­
mination of boron (corresp.). G. W.
Goward and V. R. Wiederkehr........ 1542

QUINOLINE
8-amino-, used in spectrophotometric de­

termination of palladium. V. K. Gus-
tin and T. R. Sweet.. .. . . . 44

8-mercapto-, as analytical reagent; dis­
sociation and metal chelate formation
constants. Alfio Corsini et al.. . . . . . . 1424

molybdate, phosphorus determined in
iron and steel with; development of
basic method; effects of interfering
elements. Arthur Lench. . . . . . . . . .. 1695

selenol, new chelating agent (corresp.).
Elichi Sekido et al.. . . . . . . . . . . . . . . . . 1550

Quinolinates of zinc and cadmium, pre­
cipitation from homogeneous solution.
F. H. Firsching and J. G. Brewer...... 1630

Quinolinium molybdosilicate, gravimetric
determination of silica as, in phosphate
rock (corresp.). J. A. Brabson et al.. . . . 1102

QUINOLINOL
for simultaneous spectrophotometric de­

termination of cobalt and nickel. A. J.
Mukhedkar and N. V. Deshpande. . . . 47

2-methyl-. complexed with indium- ion in
absolute ethyl alcohol. W. E. Ohne-
sorge............................. 1137

used in spectrophotometric determina­
tion and extraction of tungsten in nu­
clear reactor and other materials. A.
R. Eberle. . . . . . . . . . . . . . . . . . . . . . . . . 669

Quinone, 1,4-naphtho-, spectrophoto­
metric determination in phthalic anhy-
dride. C. E. Gonter and J. J. Petty. . . . 663

Quinoxalinedithiol(2,3), used in spectro­
photometric study of cobalt and nickel
complexes. G. H. Ayres and R. R.
Annand............................ 33

R

Radicals l free, of halonitrobenzEme, volt­
ammetry and electron paramagnetic
resonance spectra of (SCI. commun.).
Toyokichi Kitagawa et al.. . . . . . . . . . . .. 1086

Radioautograph of tritium-containing thin
layer chromatograms (aid). Herbert
Sheppard and W. H. Tsien............ 1992

RADIOCHEMISTRY
activation analysis for oxygen in actinide

metals. A. C. Demildt........ . . .. 1228
activation analysis of oxygen. J. T. Gil-

more and D. E. Hull. . . . . . . . . . . . . .. 1623
adaptation of gas chromatograph for

analysis of (aid). A. D. Horton et al.. 1988
applied to analytical chemistry; deter­

mination of sulfate with chromium-51
(corresp.). W. J. Armento and C. E.
Larson........................... 918

automatic, amperometric, cupferron ti­
tration of zirconium in highly radio­
active solutions. Hisashi Kuboto and
J. G. Surak........... ...... . . ..... 1715

carbon-14-acetic anhydride used to study
acetylation of steroids. O. V.
Dominguez et al................... 124

channel ratio method of measuring
liquid scintillation counting efficien-
cies. E. T. Bush.... 1024

compact gas radio-chromatogram
(symp.). A. T. James and E. A. Piper 515

color quenching in liquid scintillator sys-
tems. H. H. Ross and R. E. Yerick.. 794

continuous elemental analysis of gas­
chromatographic effluents; application
to analysis of labeled compounds.
Fulvio Cacace et al.. . . . . . . . . . . . . . .. 1348

determination of actinium in uranium
mill effluents. H. G. Petrow and R. J.
Allen. .. .. .. 747

determination of cerium by solvent ex­
traction method. M. A. Awwal. ... , 2048

determination of molybdenum, chro-
mium, and iron content of individual
stainless steel microspheres. P. A.
Benson and C. E. Gleit. . . . . . . . . . . . . 1029

determination of total radiostrontium
in biological samples containing large
quantities of calcium. A. L. Boni. . . . 744

effect of gamma radiation on chromium
(VI)-I,5-diphenylcarbohydrazide re-
action. H. E. Zittel. . . . . . . . . . . . . . . . 329

evaluation of radioactive decay data.
R. G. Monk et al.. . . . . . . . . . . . . . . . . . 178

gamma, effect on aqueous solutions of
(ethylenedinitrilo)tetraacetic acid. H.
E. Zittel. . . . . . . . . . . . . . . . . . . . . . . . . . 1528

gas chromatography of compounds la-
beled with tritium (symp.). Arthur
Karmen et al.. . . . . . . . . . . . . . . . . . . . . 536

half lives of cesium137 and 114. L. A. Dietz
etal.. . . . . . . . . . . • . . . . . . . . . . . . . . . . . 797

isotope dilution method for determining
true chloride content of biological
fluids and tissues. Ernest Cotlove. . . 95

neutron activation analysis for deter­
mining manganese, sodium, and cop­
per iI) natural diamonds. E. C. Light-
owlers ; . . . . . . . . . . . . . . . . . . . 1285

neutron activation analysis of aluminum,
determination of -y-emitting impuri­
ties with long half lives. Francesco
Girardi and Romano Pietra. . . . . . . . . 173

neutron, lithium and lithium-8 analysis
by counting delayed neutrons.
Saadia Amiel and Yehuda Welwart.. 566

novel radiotracer method for fluoride.
F. L. Moore. . . . . . . . . . . . . . . . . . . . . . . 1032

oxygen-18
determination by counting delayed

neutrons of nitrogen-17. Saadia
Amiel and Max Peisach. . . . . . . . . . 323

determination of in organic com­
pounds by mass spectrometry. C.
G. Swain et al.. . . . . . . . . . . . . . . . .. 1415

ratio analysis in beryllium oxide. R.
A. Meyer et al. . . . . . . . . . . . . . . . . .. 2144

oxygell flask method for assaying trit-
ium, carbon-14, and sulfur-35 labeled
compounds. H. E. Dobbs... 783

performance of instrument for simul­
taneous gas chromatographic and ra­
dioactivity analysis. D. C. Nelson
etal............................... 1575

purification of radioactive organic com­
pounds, in a noncontaminating gas liq­
uid chromatographic system (aid).
M. L. Whisman and B. H. Eccleston. 1333

quantitative procedure for analysis of
polonium-21O and lead-212 in min-
erals. H. T. Millard, Jr , 1017

radioactivation analysis of sodium by
counting photoneutrons. Saadia
Amiel and Max Peisach. . . . . . . . . . .. 1072

radioisotopic assay of neomycins, B, C,
and neamine. D. G. Kaiser. . . . . . . . . 552

rapid procedure for antimony and ar-
senic. A. E. Greendale and D. L. Love 632

rapid procedure for tin. A. E. Greendale
and D. L. Love.................... 1712

rapid scanning of radioactive thin layer
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chroma tograms (aid). Joseph Rosen-
berg and Michael Bolger .

separation of americiuDl from other ele­
ments; application to purification and
detern:ination of are..ericium. F. L.
Moore .

separation of bi&IDutb by amalgam ex-
change. F. E. Orbe ,t al .

separation of ca.lcium and strontium by
liquid ion exchange; determination of
total radiostrontium in milk. F. E.
Butler .

separation of radiocesium frorri fission
products using chlorostannate. C. F.
Goeking et al .

separations, vacuum distillation of
metals applied to. .f. R. DeVoe and
W. W. Meinke .

solvent extraction for zirconium-97, use
for evaluating critical nuclear inci-
dents. W. J. Maeck et al .

statistical aspects of liquid scintillation
counting by internal standard tech-
nique. R. J. Herberg .

Radioelements, semi-automatic machine
for group separation of, by cation ex­
change. W. G. Mathers and C. W. K.
Hoelke .

Rare earth separation of titanium from,
by cation exehange ,ohromatography.
F. W. E. Strelow .

Rate data, distillation. latent hes.ts of va­
porization from (sci. eommun.). J. G.
Hanna and Sidney Sig~:ia .

Rate processes, separa1.ion. temperature
dependence of (sci. commun.). J. G.
Ha.nna and Sidney Siggia .

REACTION RATES
a.utoma'~ic amperomet.-ric measurement

of; enzymatic determination of glu­
cose in blood serum and plasma. H. L.
Pardue .

automatic determinat.ion of, in enzy­
matic oxidation oi (r·-amino a.cids. H.
V. Malmstadtand T. P. Hadjiioannou.

dillereutial
applied to analysis of mixtures. Sid-

ney Siggia et al. " .
polarographic monitoring of; deter­

mination of L\"-3-ketosteroids in the
presence of .6,l,"-3-ketosteroids. A. F.
Krivis and G. R. Supp .

pseudo-first-order, used for rapid de­
termination of binary mixtures;
conductometric determinatioD of
carbonyl compounds. L. J. Papa
et al .

studies on the miera-Dumas method
for nitrogen. JS<)ab Block et al.. ...

used for analysis of binary mixtures
(corresp.). Sidney Siggia .

used. to analyze mixtures of organic
materials containing same func­
tional group; application to mix­
tures of unsaturated compounds.
Sidney Siggia et al .

trom transmittance-·'time traces tcor­
resp.). Michael Baloga and J. E.
Earley .

potentiometric method for cystine using
azide-iodine. H. :L. Pardue and San-
dra Shepherd .

spectrophotometric, automatic, rapid,
for ultramicro detE~]'Ininationof iodlne.
H. V. Malmotadtand T. P. Hadiiioan-
nOll .•.....•...•............•.....

time of flight mass spectrome&ry and gas
chromatography, "pplied to. E. J.
Levy et a!. " .

REAGE}rT
s.minopyrene, for determination of ni­

tra:r..e or nitrite in air. Eugene
Sawicki et al•. .......•.•...........

analytical, 8-meresptoquinoline as;
dissociation and metal chelate forma­
tion constants. Alfio Corsini et al.....

colorimetric, and aualysis of aluminum
alkyls. D. F. Hagen and W. D. Leslie

3,3'-diaminobenzidine for determination
of selenium in plants and animals.
W. B. Dye et al .

diaminobenzidene for detennination of
selenium (corresp.) Irving Serlin .....

o,o'-dihydroxyazo, as .fluorometric
reagents for mag·oesium. Rodney Ol-
sen and Harvey Dieh!. .

disodium - 1,2 - dihydroxtvbenzene - 3.5­
di3ulfonate for s. ectrophotometric de­
termination of titanium. B. T.
K,enna and F. J. Conrad .

ffavanol, for fiuoro:metric determination
of tungsten. R. S. Bottei and B. A.
Trusk .

for vapors from gas chromatography, in
determination functional groups.
(sci. commun.) J. E. Hoff and E. D.
Feit .

in reagent-addition analyzers, elec­
trolysis cell for continuous external
generation of. H.. B. Kesler .

pararosaniline-forrnaldehyde chromo-
genic system, dejermination of sulfur
in blister and refined copper. Silvio
Barabas and Jo"eph Kaminski .

quinoline-S-selenol, for chelation (cor-
resp.) Eiichi Sekido et al .

tetracyanoquinodimethanide, for color
development in thin layer chroma-
tography. L. l'.. Druding .
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814
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1255
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1298

963

1702

1550

1582

Recrystallization and ion exchange, purifi­
cation of plutonium sulfate tetrahydrate

~i~~~i~~·!:.. ~.'.::: .~~~~e.l. ~~.~ .~: .~: 1324
Redox coulometric titration of plutonium.

R. C. Propst. . . . . . . . . . . . . . . . . . . . . . . . 958
Reduction. polarographic. of steroids in

N.N-dimethylformamide. A. 1. Cohen. 128
Refractometer, differential, simple (aid).

S. J. Gilland D. B. Martin.. . . 118
REFRACTORIES

and refractory oxides and glasses, inert
gas fusion method for direct deter­
mination of oxygen in. H. L. Mac-
Donell et al.. . . . . . . . . . . . . . . . . . . . . . . 579

gas chromatogrs"'phic determination of
nitrogen in. R. J. Hynek and J. A.
Nelen... 1655

x-ray fluorescence determination of plu­
tonium and uranium in oxides. Oscar
MeDis et al.. . . . . . . . . . . . . . . . . . . . . . .. 1049

Reflectance technique for multiple atten-
uated (sci. commun.). W. N. Hansen.. 765

Rj values correlated, for several classes of
compounds in variety of solvent systems,
for paper chromatography. Kay Fink
etal.. . •...................... ... . .. 389

REPORT FOR ANALYTICAL CHEMIS'fS
Analytical aspeets of chemical and bio­

logical assay in the U. S. Army CBR
Agency. Samuel Sass 25A (No.6)

Analytic"l Chemistry-A Challenging
Profession. J. K. Taylor 23A (No.4)

Analytical Instrumentation in Space Ex-
ploration. E. L. Steele 23A (No.9)

Centers for storage and retrieval of scien-
tifie information in the U. S... 33A (No. 11)

Determination of Atomie Weights by
Mass Spectrometry. A. E. Cameron
........................... . 23A (No.2)

Evaluation of the Atomic Weights. Ed-
ward Wichers 23A (No.3)

Food additives and adulteration, legal
aspeets in the U. K. J. H. Hamence
............................ 25A (No.1)

New companies invade instrument field.
............................ 25A (No.8)

Productivity in the Sciences. J. B.
Wiesner 27A (No. 10)

The Analytical Chemist in the Automo-
tive Industry. Charles Gambrill et al.
. 25A (No.7)

Storage and Retrieval of Instrumental
Analytical Data. W. C. Kenyon 27A (No. 12)

The Analysis of Profession. D. M.
Hume 29A (No. 13)
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gas-liquid chromatographic separation

of methyl esters of (sci. commun.).
F. H. M. Nestler and D. F. Zinke!.... 1747

pitch, from different sources, compared
by combined pyrolysis and gas-liquid
chromatography.. Clarence Karr, Jr.
et a!.. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1441

polyester, gas chromatographic analysis.
D. F. Percival. . . . . . . . . . . . . . . . . . . . . 236

Resorcinol. [4-(2-pyridylazo)- J. used for
spectrophotometric determinatioD of
uranium. T. M. Florence and Yvonne
Ferrar.................... 1613

Rhenium, atomic absorption spectra of
(sci. common.). V. A. Fassel and V. G.
Mossotti... . . . . . . . . . . . . . . . . . . . . . . . . . 252

RHODIUM
and iridium. 1-(2-pyridylazo)-2-naphthol

used in simultaneous ..spectrophoto­
metric determination .of. J. R.
Stokely and W. D. Jacobs.......... 149

determined in rhodium-uranium alloys
by precipitation with hydrogen sulfide
(corresp.). E. J. Maientha!. ..... . . .. 1094

2-diethylaminoethanethiol hydroehlo-

~~~: aJ. 'C.s~;i;~~r:~~~~e.t~~~ .r:~~:~~ 1165
in solution in uranium-base fissium

alloys, fluorescent x-ray spectrometric
analysis of. J. O. Karttunen........ 1044

platinum, palladium, and iridium,
scheme for separation by solvent ex­
traction. G. H. Faye and W. R.
Inman........................... 985

Ribonucleic acid. deoxy-, Folin-Lowry
method used to determine protein con­
tamination of (corresp.). C. R.
Shepherd and P. A. Hopkins.......... 1548

ROCKS
combustion method for rapid and ac­

curate determination of microgram
amounts of sulfur in. J. G. Sen Gupta 1971

minerals, and water, neutron activation
analysis for oxygen determination in.
Alexis Volborth and H. E. Banta.... 2203

phosphate, analysis of by ion exchange.
H. N. S. Schafer................... 53

RUBBERS
Natural and synihetic (rev.). E. J.

Parks and F. J. Linnig. . . . . . . . . . . . .. 160R
paint and plastics, analyst in automo-

bile industry, S. S. Lord et al. (rept. for
anal. chemists) 25A (No.7)

Rubeanic acid. See Oxamide. dithio-.
Rubidium and cesium in oil field waters,

fla.me spectrophotometric determination
of. A. G. Collins..... . . . . . . . . . . . . . . .. 1258

Rudolph spectropolarimeter improved
(aid). J. G. Foss................... 1329

RUTHENIUM .
and iron and osmium, formal o:x:idation-

reduction potentials and indicator
characteristics of Bome cyanide and
2,2'-bipyridine complexes of. A. A.
Schilt .

in solution in uranium-base fissium al­
loys, fluorescent x-ray spectrometric
analysis of. J. O. Karttunen .

5
Saccharides, poly-, determination of

molecular weights of proteins by gel fil­
tration on Sephadex. J. R. Whitaker ..

Salicylanilides. brominated, and hydroxy­
benzoic acids, ion exchange separation of.
N. E. Skelly and W. B. Crummett .....

SALTS
molten, used as solvent in thin layer

chromatography (sci. commun.). L.
F. Druding .

solutions, concentrated, acid-base equi­
libria in, acid-base titrations and
measurements of pH and Ho. Donald
Rosenthal and J. S. Dwyer .

Sample holder for high temperature, dif­
fuse refleetance speetroseopy. W. W.
Wendlandt et al.. .

Sampling device, micro needle cup (aid).
H.J.Ast .

SOA.NDIUM
atomic absorption spectra of (sci.

commun.). V. A. Fassel and V. G.
Mossotti. .

spectrophotometric determination with
xylenolorange; determination of scan­
dium in copper. S. S. Berman et al•..

Schiff Bases. methyl orange spectrophoto­
metric method for (corresp.). R. E.
Keller .

SCINTILLATION
counting. liquid, general applicability of

channels ratio method of measuring
efficiencies of. E. T. Bush .

liquid, counting, glass filter paper SllS-

ft~"j~~~s~np:~~i~~t~~sS~itl:'.i~~.... ~.
liquid, counting modes, single isotope,

employing internal standard method.
rate and variance equations for. R. J.
Herberg .

liquid counting of biological compounds
in aqueous solution (corresp.).
Haiime Takahashi et al .

liquid, systems, quantitative interpreta­
tion of color quenching in. H. H.
Ross and R. E. Yerick .

Sedimentation, effect of, upon precipita­
tion kinetics (corresp.). A. G. Walton ..

SELENIUM
and iodine, analysis of antimony telluride

and bismuth telluride mixture con­
taining. K. L. Cheng and B. L.
Goydish .

and tellurium in refined selenium prod­
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mination of. Silvio Barabas and P. W.
Bennett .

a.nd tellurium, Karl Fischer titration for
determination of water and alkali
metal oxide in alkali metal salts of.
P. 1'-1. Chiang and W. C. Cooper ....

2,3-diaminonaphthalene as reagent for
determination of milligram to oub­
microgram amounts of. P. F. Lott
etal .

in plants and animals, fluorometric de­
termination of. W. B. Dye et ..I •. ....

in plants and animals with 3.3'-diamino­
benzidene (corresp.) Irving Serlin ....

polarography of. G. D. Christian et al••
spectrophotometric method for deter­

mination of microgram amounts of.
G. F. Kirkbright and J. H. Yoe .

Separation processes, analysis of mixtures
using differeniial kinetics with. Sidney
Siggia et al .

Sephadex, determination of molecular
weights of proteins by gel filtration on.
J. R. Whitaker ..

Silanes, alkoxy-, alkoxy groupo in, deter­
mined by acid-catalyzed acetylalion. J.
Magnuson .

Silanols. diglyme as solvent in gasometric
determination of. by lithium aluminum
hydride method (corresp.). G. H.
Barnes, Jr. and N. E. Daughenbaugh ...

SILICA
ampoules irradiated; safe, simple

method of opening (aid). Ray Por-
rittand M. Thackray .

in phosphate rock. gravimetric deter­
mination as quinolinium molybdosili­
cate (corresp.). J. A. Brabson et al...

in phosphate rock. rapid determination
of (sci. commun.). W. A. Cronkright

SILICON
-aluminum alloys, hypereutectic, neu­

tron activation method for deter­
mination of phosphorus in. Robert
Blackburn and B. F. G. Peters .

-iermanium alloys, gravimetric analysis
of. K. L. Cheng and B. L. Goydish ..
halides and germanium helides, long­
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method for purity examination of.
M. J. Rsnd .

indirect ultraviolet spectrophotometrie
determination of. Louis Trudell and
D.F. BoHz .
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ultraviolet
and visible and nesr infrared, stray

light in. Walter Slavin. . . . . . . . . 561
and visible, versatile system for

liquid-phase quantum yield meas­
urements. D. J. Trecker and J.
P. Henry. . . . . . . . . . . . . . . . . . . . . 1882

characterization and determination
of aldehydes by spectral changes
resulting from acetal formation.
E. P. Crowell et al.. . . . . . . . . . . . . 184

continuous, at 210 m",., flow cell
for, and sample injector for ion
exchange chromatography (aid).
A. M. Crestfield , 1762

detector incorporated in process gas
chromatograph. Jack Merritt
et al.. . . . . . . . . . . . . . . . . . . . . . . . . 1461

determination of acetylenic com..
pounds. Sidney Siggia and C. R.
StahL........................ 1740

determination of hydrocarbon and
carboxylic acid in basic solutions;
methods for obtaining material
balance data in carbanion oxida­
tion reactions. Harvey Pobiner
etal , .. . .. 680

determination of hydroperoxide
with triphenylphospbine. R. A.
Stein and Vida Slawson......... 1008

determination of nitrate in natural
waters (sci. commun.). F. A. J.
Armstrong. . . . . . . . . . . . . . . . . . . . 1292

determination of trace amounts of
acetylenes in hydrocarbons. M.
W. Scoggins and H. A. Price.. . . 48

difference, determination of phenolic
substances. A. S. Wexler. . . . . . . 1936

indirect, determination of silicon.
Louis Trudell and D. F. Boltz. . . 2122

macro and micro determination of
pe~ox~disulfate (corresp.). N. A.
Fngeno.. 412

modified Fujiwara determination of
trichloroethylene (corresp.).
Emanuel Borker et al.. . . . . . . . .. 1321

visible
acid-base equilibria in tertiary bu­

tyl alcohol. Leland Marple and
J. S. Fritz ; .. 1223

analysis of acetaldehyde by
colorimetry (corresp.). D. J.
Clancy and D. E. Kramm. . . . .. 1987

and fluorometric comparison of
methods for determination of
malonaldehyde. Eugene Sawicki
et al.. . . . . . . . . . . . . . . . . . . . . . . . . 199

and fluorometric determination of
magnesium with o.o'-dihydroxy­
azobenzene. Harvey Diehl et al.. 1144

and fluorometric determination of
selenium with 2,3-diaminonaph­
tbalene. P. F. Lott et al.. . . . . . . 1159

and sulfur incineration used in de-
termining trace metals in oils.
E. J. Agazzi et al.. . . . . . . . . . . . . . 332

and ultraviolet and near infrared,
stray light in. Walter Slavin... . 561

automatic, ultramicro determina-
tion of iodine. H. V. Malmstadt
and T. P. Hadiiioannou........ 2157

characteristics of bis(2,9-dimethyl­
l,10-phenanthroline)- and bis­
(4,4',6,6' - tetramethyl - 2,2' - bi­
pyridine)copper(I) ions. J. R.
Halletal 2124

chemical microdetermination of
p henyl- and tolylsulfonylurea
derivatives in blood. Werner
Kern......................... 50

color reaction of anthrone with
malonaldehyde and other
aliphatic aldehydes. Tai-Wan
Kwon and B. M. Watts. . . . . . . . . 733

colorimetric analysis of methyl ether
of hydroquinone in ethyl acrylate
in presence of hydroquinone (cor-
resp.). J. C. Stone. 1552-

combustion-, determination of 8ul­
fur in blister and refined copper.
Si!vio. Barabas and Joseph Ka-
mlDskl...... 1702

comparison of two colorimetric
methods for determination of
copper in lubricating oils. J. M.
Howard and H. O. Spauschus... 1016

continuous photometric fluorine
analyzer. C. W. Weher and O.
H. Howard. . . . . . . . . . . . . . . . . . . . 1002

determination and extration of
tungsten in nuclear reactor and
other materials, using 8-quinoli-
nolo A. R. Eberle. . . . . . . . . . . . . 669

determination in organic phase;
rapid extraction of vanadium(V)
with 2-thenoyltrifluoroacetone
(corresp.). A. K. De and M. S.
Rahaman. . 1095

determination of aluminum in in­
dustrial water. C. A. Noll and
L. J. Stefanelli.... ..... .. .... .. 1914

determination of available lysine in
plant proteins. S. R. Rao et al.. . 1927

determination of bromide ion in
water. Fred Zitomer and J. L.
Lambert.. . . . . . . . . . . . . . . . . . . . . 1731

determination of cerium with thena­
yltrifluoroacetone. Hiroshi Oni-
shi and C. V. Banks....... .... 1887
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spectra of europium, thuliuIDI and
ytterbium using a flame as the
line source (sci. commun.). R. K.
Skogerboe and R. A. Woodriff ...

uranium isotope investigations by
(sci. commun.). J. A. Goleb ....

used for strongly reducing oxy­
acetylene flames (sci. commun).
Walter Slavin and D. C. Manninl! 253

determination of (etbylenedinitrilo)
tetraaceticacid in urine, using zinc
as masking agent (corres '.). R. E.
Mosher et al .

electron capture, of haloacetates;
means of detecting ultramicro quan-
tities of sterols by gas chromatogra-
phy (symp.). R. A. Landowne and
S. R. Lipsky .

electron determination of substitution of
unconiugated olefins from charge
transfer complexes with tetracyano­
ethylene (sci. commun.). R. H.
Bauer .
infrared

analysis of calcium sulfate hydrates
using internally standardized
mineral oil mulls. R. J. Morris,
Jr........... . 1489

analysis of ethylene-propylene co­
polymers. H. V. Drushel and F.
A. Iddings ..

analysis of a-olefins (corresp.). E.
L. Saier et al.. . . . . . . . . . . . . . . . . . 2219

attenuated total reflectance analy-
sis of aqueous solutions. Bernard
Katlafsky and R. E. Keller. . . . . . 1665

attenuated total reflectance "8.
transmission, in quantitative
evaluation of paint vehicles. R.
J. McGowan. . . . . . . . . . . . . . . . .. 1664

C=N stretching frequency in azo-
metbines. F. H. Suydam .

determination of alkylbenzene sul­
fonate concentrations in aqueous
solution (sci. commun.). S. D.
Kullbom and H. F. Smith .

determination of four closely-related
triaryl-s-triazines. R. D. Spencer
and B. H. Beggs. . . . . . . . . . . . . .. 1633

determination of hydrocarbon and
carboxylic acid in basic solutions;
methods for obtaining material
balance data in carbanion oxida-
tion reactions. Harvey Pobiner
etal .

determination of neptunium. C. A.
Colvin .

determination of propylene in ethyl­
ene-propylene copolymers. J. E.
Brown etal............. .. ..... 2172

differential, determination of minor
components. J. M. Blakeway
and N. A. Puttnam .

differential technique employing
membrane filters (aid). H. J.
Sloane :............. 1556

differentiation and identification of
n-alkanaI2,4-dinitrophenylhydra­
zones. H. G. Lento and J. A.
Ford , 1418

identification of microgram Quanti-
ties of heroin hydrochloride (cor-
resp.). A. L. Mills .

improved suspension technique for
quantitative analysis of insoluble
solids (aid). Meyer Dolinsky et
al .

long-path, purity examination of
silicon and germanium halides by.
M. J. Rand................. . .. 2126

near, and ultraviolet and visible,
stray light in. Walter Slavin ....

near, method for determination of
water in aluminum aspirin. H.
H. Stein and J. M. Ambrose ....

near-, primary and secondary
aliphatic amines determined by.
F. H. Lohman and W. E. Norte-
man, Jr : .

near I study of spectra of some
. aliphatic and aromatic isocy-
anates. D. J. David .

preparation of films for analysis of
. plant gums (aid). W. W. Morris,

Jr., and William Salmon .
quality control of curing polyure-

thane propellants by. E. A.
Burns.. .. 1270

simple, inexpensive, heated, infra-
red gas cell (aid). E. A. Burns. . . 1106

spectra-structure correlation study
of vanadium-oxygen compounds.
L. D. Frederickson, Jr. andD. M.
Hausen .

study of integrated area of methyl­
ene roc~ing band of aliphatic
molecules. H. F. Smith and A. S.
Rosenberg. . . . . . . . . . . . . . . . . . . . 1182

wet chemical, analysis of functional
groups in copolymers. F. D.
Brako and A. S. Wexler. . . . . . . . . 1944

photometric method for trace mercury
determination using Beckman DU
spectrophotometer (corresp.). R.
E. Mansell and E. J. Hunemorder. . 1981

reaction rates from transmittance-time
traces (corresp.). Michael Bologa
and J. E. Earley .

in plutonium, cation exchange separa.­
tlOn and spectrographic determination
of. C. E. Pietriand A. W. WenzeL.. 209

S'LVER
anodic stripping voltammetry with car-

bon plaste electrodes. E. S. Jacobs.. 2112
graphite electrodes used in application

of stripping analysis to determina-
tion of. S. P. Perone.......... ..... 2091

halide spots on paper chromatograms,
commercial photographic developers
intensify (corresp.). E. F. Mellon et.
al... . 1326

Smoke, cigarette, quantitative determina-
tion of phenol in. A. W. Spears. . . . . . . . 320

SODIUM
benzene sulfinate, determination of

chlorite; critical study of different
methods. M. H. Hashmi and A. A.
Ayaz.. 2194

determination by controlled potential
coulometry (sci. commun.). E. J.
Cokal and E. N. Wise... ..... .... .. 914

determ.ination of hydrogen in, by iso-
topic dilution with tritium. Clayton
Evans and John Herrington. . . . . . . .. 1907

in natural diamonds. neutron activation
analysis used to determine 8ubmicro-
gram quantities of. E. C. Lightowlers 1285

in sodium tungsten bronzes, activation
analysis for. R. J. Reuland and A. F.
Voigt. . . . . . 1263

perchlorate, potentiometric titration in
pyridine; titration of acids in non­
aqueous solvents. W. M. Banick, Jr.
6t al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1413

radioactivation analysis of, by counting
photoneutrons. Saadia Amiel and
Max Peisach " 1072

tetraphenylborate used in amperometric
titration of sympa.thomimetic amines.
Edward Smith et al '" . . 58

tripolyphosphate, controlled-potential
coulomctric titration of uranium(IV)
and uranium(VI) in. H. E. Zittel and
L. B. Dunlap. . . . . . . . . . . . . . . . . . . . . . 125

tripolyphosphate, buffered, determina­
tion of technetium by controlled-po­
tential coulometric titratioD in. A. A.
Terry and H. E. Zittel. . . . . . . . .. . . . . 614

SOLIDS
granular, quantitative attrition used

for characterization of. D. E. Kramm
and 1. C. Stone. . . . . . . . . . . . .. . . . . . . 313

insoluble. improved suspension tech-
nique for quantitative infrared analy-
sis of (aid). Meyer Dolinsky et al.. . . 931

powders, measurement of surface area. in
toluene-acetics acid solution. R. E.
Mesmer and R. R. Irani. . . . . . . . . . . . 1067

quantitative mass spectrometry of. E.
B. Owens and N. A. Giardino " 1172

Solutes, adsorption of, at liquid-gas inter­
face as measured by gas chromatography
and Gibbs equation (torresp.). R. L.
Martin............................. 116

SOLVENT
composition, average, equations for, and

interstitial column volume in column
fractional preci~itation methods

~~~Jy...~'..v:... ..~~~l~ ..~~~. ':~ .~.. 2222
differential dielectric apparatus for de­

termining water added to. W. C.
Wolfe.......... . 1884

diglrme as, in gasometric determination
o silanols hy lithium aluminum hy-
dride method (corresp.). G. H.
Barnes, Jr.. and N. E. Daughenbaugh. 1308

extraction of iodine complexes of pIati·
Dum, palladium, rhodium, and
iridium. G. H. Faye and W. R. Inman 985

for phosphorimetry (sci. commun.). J.
D. Winefordner and P. A. St. John... 2211

molten salts used in thin layer chroma­
tography (sci. commun.). L. F.
Drudmg..... . . . 1744

non-aqueOUB. immiscible, distribution of
ion pairs between (corresp.). G. W.
Latimer, Jr.. . . . . . . . . . . . . . . . . . . . . .. 1983

nonaqueous, titration of acids in; po­
tentiometric titration of lithium and
sodium perchlorate in pyridine. W.
M. Banick, Jr. et al.. . . . . . . . . . . . . . . . 1413

organic, used in flame photometric de­
termination of sub-milligram amounts
of lithium in aluminum. W. E. Pil-
grim and W. R. Gord. 1735

potentiometry titration of acids in an
N,N-dimethyl fatty amide. C. A.
Reynolds et al.. . . . . . . . . . . . . . . . . . . . 973

systems correlated R, values for several
classes of compounds in variety of, for
paper chromatography. Kay Fink et
al................................ 386

used in repeated irrigation in unidimen­
sional multiple chromatography, ap-
plication and theory. J. A. Thoma... 214

SPECTROMETRY
absorption

atomic
spectra of vanadium, titanium, nio­

bium, scandium, yttrium, and
rhenium (sci. commun.). V. A.
Fassel and V. G..Mossotti. . . . . . . 252

analytical, physical basis of; de­
pendence on Beer's law. Keii-
chiro Fuwaand B. L. Vallee..... 942
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determination of cobalt (I); tri-
caprylmethylammonium thio-
cyanate utilized as selective ex­
traciion a.gent. A. M. Wilson
O. K. McJo'ariand .

determination of fattv amines in
aqueous uolution (c·orresp.). R.
A. Larrick .

determination of germanium with
phenylfluorine (corresp.). H. B.
Rayner .

determination of iron (III) with 8­
aminoqUlnoline. V. K. Gustin.
and T. R. Sweet .

determinat.ion of iron with 2,6-pyri··
dinedicarboxylic acid and 2,4,6­
pyridillEftricarboxylic acid. Iehiro
IVlorimoto andSusumu Tanaka ..

determination of I-naphthol. G. A.
Pearse, .Jr .

determina,tion of 1,4-naphthoqui­
none in phthalic anhydride. C.
E. Gonter and J. J. Petty .

determinlltion of niobium in ur:.\.­
nium-fi..e:sion element alloys (cer­
resp.). J. J. McCown and D. E.
Kudera. .

determina.tion of nitrate or nit1'2.te
plus nitrite with l-aminopyreue;
application to air pollution. Elu-
bene Sa wicki et al. .

determina.tion of nitrate with 2.6­
xylen,,1 reagent. A. M. Hartley
and R. 1. Asai. .

deternlination of nitrite as 4-nitroso­
2,6-xylenol. A. M. Hartley and
R. 1. Asai ..

determination of nitrogen in total
Kjeldahl digests; application of
phenol-hypochlorite reaction to
microgram amounts of ammonia
in total di,g;est of biological ma-
terial. L. T. Mann, Jr .

determination of nornicotine ill to­
bacc:o and smoke by l,3-indane­
dione colorimet,ric method. Eu­
gene Glock and M. P. Wright ....

determination of palladium with 8­
aminoquinoline. V. K. Gustin
and 1'. R. Sweet .

determination of primary, sec-

SH~I~~;tef:.d.~~~t.i~:~.~~~~~~'..~:
determination of scandium with

xylenol orange; determination of
scandium in copper. S. S. Ber-
manetal , c •••••

determination of technetium with
1,i}·diphenylcarbohydrazid~. F.
J. ~~Iiller and H. E. Zittel .

determination of titanium ~'ith di­
8odium-l,2-dihydroxybeuzene­
3,5-disulfonate. after cati.on ex­
change separation. B. T. Kenna
and F. J. Conrad .

dete:rmination of uranium with [4­
('2-pyridylazo)-resorcinol]. T. M.
':Florence and Yvonne Farrar ....

determination of vanadiu'm in high
l,.~rity aluminum. D. G. Beichler
et a.l .

2-diethylaminoethanethiol hydro­
f~bloride as reagent for rhodium.
S. C. Srivastava. . . . . .. . .

efleet of pectinol 100 D on deter­
mination of pectic substances
('corresp.). M. E. Brown and
.f. P. Sweeney .

effect of temperature ana time of
heating on carbazole rt'action of
u.ronic acids and acid Elucopoly­
saccharides (corresp.). B. Rad­
hakri.hnamurthy and G. S.
Berenson .

estimation of copper using ru-
beanie acid. Agnes Pa.ul. .

estimation of zirconium as reduced
molybdosulfatozirconic acid (corr.
1947). G. C. Dehne i1nd M. G.
Mellon .

five methods for spectrophotometric
determination of alkylating
agents, autocatylitic" application
to air pollution. Eugene Sawicki
elal .

for determination of total and es­
terified cholesterol. (Mrresp.). T.
C. Huang el al .

improved method for dt':termination
of small amounts of chloroform.
Marianna Mantel et ttl. .

indirect determination of traces of
bromide in water. 1vL J. Fishman
and M. W. Skougstad .

iodimetry, preparation of cadmium
iodide- linear starch reagent
(corresp.). J. L .. Lambert and
Fred Zitomer .

method for determination of aldrin.
H. O. Friestad .

method for determination of micro­
gram amounts of selenium. G. F.
Kirkbright and J. )1. Y oe .

method for Schiff bases, using
methyl orange (corresp.). R. E.
Keller .

modified reaction for organic perox­
ide analysis (corresp.). P. R. Du­
gan and R. D. O'N·eill.
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of Mo(V) solutions, eflect of tem­
perature on. S. Z. Mikhail and
D. F. Paddleford. 24

properties and analytical applica­
tions of iron(III)-2,2'-bipyrimi­
dine complex. D. D. Ely and M.
G. Mellon................. .... 1386

rapid extraction of manganese(II)
with 2~thenoyltrifluoroacetone,
determination in organic phase.
A. K. De and Md. S. Rahaman.. 159

reaction of beryllium. A. M. Ca-
brera and T. S. West. 311

selective oxidation of p-aminophenol
by cerium. G. G. Guilbault..... 828

sensitive methods for the auto­
catalytic determination of nitrite
through free-radical chromogens.
Eugene Sawicki el al.. . . . . . . . . .. 2183

sensitive. selective reaction for de­
termination of trace amounts of
calcium. M. Herrero-Lancina
and T. S. West. " . . . . . . . . . . . . .. 2131

sensitivities and other properties of
reagents for colorimetric deter­
mination of boron (corresp.). G.
W. Goward and V. R. Wieder-
kehr. . . . . . . 1542

separation and determination of
iron(II) and iron(III). D. L.
Dinsel and T. R. Sweet......... 2077

simultaneous determination of co­
balt and nickel with 8-quinolinol.
A. J. Mukhedkar and N. V.
Deshpande. ... . . . . . . . . . . . . . . . . 47

simultaneous determination of rho­
dium and iridium with 1-(2-pyri­
dylazo)-2-naphthol. J. R. Stok-
ley and W. D. Jacobs......... 149

specific color :reaction of formic
acid. Mohsin Qureshi el al.. . . .. 1592

specific enzyma tic determination of
-amino acids by automatic reac­
tion rate method. H. V. Malm-
stadt and T. P. Hadjiioannou. ... 14

study of cobalt and nickel com­
plexes with 2,3-quinoxalinedi­
thiol. G. H. Ayres and R. R.
Annand. 33

study of complexes formed between
uranyl and thiosuIfate ions in
water and water-ethanol solvents.
S. L. Melton and E. S. Amis.... 1626
technique using multiple atten-
uated total reflection (sci com-
mun.). W. N. Hansen. . . . . . . . . 765

two improved and simplified meth-
ods for colorimetric determination
of hydroxyproline. Imanuel
Bergman and Roy Loxley. . . . . .. 1961

volumetric and colorimetric deter­
mination of oxamide in nitrocellu­
lose-base propellants. J. B.
Apatoff el al.. . . . . . . . . . . . . . . . . . 80

accoustical, R. H. Muller, instrumenta-
tion column 115A (No.7)

apparatus, liquid sample introduction
system for mass spectrometer (aid).
A. D. Pattillo and H. A. young...... 1768

electron paramagnetic resonance, vol-
tammetry and EPR spectra of haloni­
trobenzene anion radicals (sci. com­
mun.). Toyokichi Kitagawa el al. . . 1086

electron spin resonance, applied to deter-
mination of hydroperoxides (sci. com­
mun.). Hisashi Ueda.............. 2213

emission
analysis of aluminum samples limited

in quantit~" "melt in rod" technique
for (aid). Nicholas Chriat........ 775

arc, after cation exchange separation
for determination of silicon in plu­
tonium. C. E. Pietri and A. W.
Wenzel......................... 209

arc, determination of trace elements
in milk. J. L. Voth.............. 1957

DC arc and gas chromatography for
determination of oxygen and nitro­
gen in steels. F. M. Evens and V.
A. Fassel........ 1444

determination of lithium in alumi­
num; organic solvents used for sub­
milligram amounts. W. E. Pilgrim
and W. R. Ford........... . ..... 1735

flame
atomization efficiency of total con­

sumption atomizer-burners in.
J. D. Winefordner el al.. . . . . . . . 1607

calcuIatioD and measurement of
flame temperature for some typi­
cal flames. J. D. Winefordner el
al , 1611

determination of boron. W. J.
Maeck el al.. . . . . . . . . . . . . . . . . . 62

determination of cesium and ru­
bidium in oil field waters. A. G.
Collins. . . . . . . . . . . . . . . . .. . . . .. 1258

determination of tellurium. J. A.
Dean and J. C. Simms. . . . . . . . . . 699

direct, of suspension for potassium
analysis of plant material. J. L.
Mason....................... 874

emission and. sensitive premixed
oxyacetylene atomizer-burner for
(sci. commun.). R. N. Kniseley
el al.. . . ... . ... . . . . 910

excitation processes in. J. H.
Gibson el al.. . . . . . . . . . . . . . . . . . . 266

limited area; chemiluminescence.
B. E. Buell. . . . . . . . . . . . . . . . . . . . 372

microdetermination of boron in or­
ganoboron compounds. Tamotsu
Y oshizaki. , 2177

photometric determination of man-
ganese in copper and steel alloys.
D. A. Johnson and P. F. Lott. . .. 1705

photometry of calcium; use of re­
versed oxyacetylene flame in
Beckman direct sprayer burner.
H. F. Loken el al... .. .. . .. . . . . 875

fluorescence
and spectrophotometric determina-

tion of selenium with 2,3~diamino­

naphthalene. P. F. Lott el al... 1159
correction for anomalous peaks

caused by grating transmission
characteristics (corresp.). R. M.
King and D. M. Hercules. . . . . .. 1099

correction of luminescence spectra
and calculation of quantum ef­
ficiencies using computer tech­
niques. H. V. Drushel el al.. . . .. 2166

determination of aluminum in in­
dustrial water. C.A. Noll and
L. J. Stefanelli. . . . . . . . . . . . . . . .. 1914

determination of calcium in blood
serum. B. L. Kepner and D. M.
Hercules. . . . . . . . . . . . . . . . . . . . . . 1238

determination of magnesium with
. o,o'-dihydroxyazobenzene. Har-

vey Diehl el al.. . . . . . . . . . . . .. .. 1144
determination of selenium in plants

and animals. W. B. Dye el al.. . . 1687
determination of selenium in plants

and animals with 3,3'-diamino­
benzidine (corresp.) Irving Ser-
lin 2221

determination of tungsten with
flavanol. R. S. Bottei and B. A.
Trusk........ . 1910

o,o'-dihydroxyazo compounds as
fluorometric reagents for magne­
sium. Rodney Olsen and Harvey
Diehl............. 1142

identification of phenothiazine

~~~:~..~: ~: .~.e~.i~~~:.a.~~ ~'. ~: 554
method for determining lipase ac­

tivity (sci. commun,). D. N.
Kramer and G. G. Guilbault. . . . 588

method for simuItaneous determina-
tion of digitoxin and digoxin. I.
M. Jakovljevic. . . . . . . . . . . . . . .. 1513

microdetermination of carbohy­
drates. J. C. Towne and J. E.
Spikner... . . . . . . . . . . . . . . . . . . . . 211

of indium complex.es with 2-methyl­
8-quinolinol, spectrofluorometric
study. W. E. Ohnesorge... .... 1137

of some aromatic aldehydes and
their acetals. E. P. Crowell and
C. J. Varsel. . . . . . . . . .. . . . . . .. . 189

procedure for determination of
cerous ion (sci. commun.). W. A.
Armstrong el al. . . . . . . . . . . . . . .. 1300

quantitative immunofluorescein ti­
tration of human and bovine
gamma globulins (sci. commun.).
R. P. Tangerdy..... ..... . . . ... 1084

reflectance sx;ectra. of aromatic com­
pounds in potassium bromide
pellets. B. L. Van Duuren and C.
Bardi. . . . .. 2198

study of muIticomponent mixtures
in solution with vertical-axis
transmission-type filter-fluorim-
eter. M. H. Fletcher. . . . . . . . . . . 278

techniques in microdetermination
of metals in biologic rnaterials;
utility of 2,4-bis-[N,N'-di-(car­
boxymethyl) aminomethyl] fluo­
rescein in fluorometric estimation
of Al +3, alkaline earths, Co +2,
eu +2, Ni +2, and Zn +2 in micro-
molar concentrations. D. F. H.
Wallach and T. L. Steck. . . . . . .. 1035

vertical-axis transmission-type fil­
ter~fluorimeter for solutions. 1H.
H. Fletcher. . . . . . . . . . . . . . . . . . . 288

phosphorimetry, for analysis of aspirin
in blood serum and plasma. J. D.
Winefordner and H. W. Latz...... 1517

ultraviolet, diffuse reflectance spectra
of potassium iodate and some mer-
curic iodide complexes. T. R.
Griffiths. . . . . . . . . . . . . . . . . . . . . . . . 1077

visible, reflectance. high temperature.
W. W. Wendlandt el al.. 105

x-ray
analysis of plutonium and uranium.

Oscar Menis el al.. . . . . . . . . . . . .. 1049
determination of metals using borax

disk (corresp.). C. L. Luke. . . . . 1551
fluorescence analysis of polyphase

metals using borax glass matrix
(corresp.). Suren Sarian and H.
W. Weart... . . . . . . . . . . . . . . . . . . 115

fluorescence, analysis of zirconiunl,
molybdenum, ruthenium, rho­
dium, and palladium in solution
in uranium-base fissium alloys.
J. O. Kartunnen............... 1044

fluorescence, determination of alu­
minum in organo-aluminum com­
pounds (corresp.). H. F. Smith
and R. A. Royer. . . . . . . . . . . . . . 1098



fluorescence, improved method for
trace metals in refinery fluid
catalytic cracking feedstocks. W.
A. Rowe and K. P. yates .

fluorescence, quantitative analysis
with electron beam microana-

3':il~ie .T...0,..Zi~~~:~.~~~.~... E..
fluorescence, with Claisse borax disk

method for determination of
molybdenum, tungsten, niobium,
and tantalum in ferrous alloys and
steel. C. L. Luke .

modification of electron probe to
detect carbon (sci. commun.). J.
Merri t et at .

use of multichannel analyzer for
electron probe microanalysis. L.
S. Birks and A. Batt .

mass
determination of americum in curium

(corresp.). C. J. Banick et a.t .
development of solid state digitizer

for. E. M. Thomason .
direct analysis of oxygen-IS in organic

compounds. C. G. Swain et at.. ...
direct, analysis of petroleum samples

boiling in kerosene range. L. R.
Snyder et at .

gallium-glass heated inlet valve for
(aid). C. P. Lewis and H. D.
Hoberecht .

half lives of CslS' and CSI". L. A.
Dietz et at .

high resolution, of organic compounds,
mass scale based on CH, = 14,000
for. Edward Kendrick .

isotopic oxygen-IS ratio analysis in
beryllium oxide. R. A. Meyer et al.

liquid sample introduction system for
a mass spectrometer (aid). A. D.
Patillo and H. A. young .

of esters of phosphorous and phos­
phonic acids. J. L. Occolowitz and
G. L. White .

quantitative, of solids. E. B. Owens
and N. A. Giardino .

rapid-scanning; continuous analysis of
fractions from capillary gas chroma­
tography (symp.). J. A. Dorseyetal.

rearrangement technique for analysis
of alkylbenzenes. E. W. Boyer et al..

spark source, convenient mass ref­
erence plate for use in (aid). F. N.
Hodgson ef. al .

thermal analysis (sci. commun.). H.
G. Langer and R. S. Gohlke .

time of flight, and gas chromatogra­
phy, applied to reaction studies. E.
J. Levy et at .

time-of-flight, high temperature inlet
manifold for coupling a gas chro­
matograph to time-of-flight mass
spectrometer. D.O. Miller .

nuclear magnetic resonance
and gas chromatography, analysis of

C, olefins by combination of. E. D.
Archer et at. " .

calibration of chemical shift scale
(corresp.). J. L. Jungnicke!. .....

graphic representation of proton
chemical shifts; general considera­
tion and methyl and methylene
groups. Kenkicki Nukade et al....

high resolution, analysis of ethylene
polymers and copolymers. R. S.
Porter et at .

hydrogen chemical shift correlations;
halogenated mono~nucleararomatic
hydrocarbons (aid). F. C. Stehling

identification of triisobutylene and
tetraisobutylene isomers by com­
bina tion of gas chromatography and
nuclear magnetic resonance tech­
niques. S. A. Francis and E. D.
Archer .

preparation of deuterated solvents
for (aid). . P. J. Paulsen and W. D.
Cooke '" .

quantitative analysis of aspirin,
acetin, caffeine mixtures. D. P.
Hollis .

high resolution, quantitative applica­
tions of; the identification of non­
ionic surfactants P. W. Flanagan
etal .

quantitative measurement of hydro­
gen types by integrated NMR in­
tensities. J. L. Jungnickel and J.
W. Forbes .

SPECTROPHOTOl\fE'rRIC
and potentiometric titrations of metal

chelates of pyridinc-2.6-dialdoxime.
&~B~d~..... . .

titration of beryllium. T. M. Florence
and Y. J. Farrar .

Spectropo]arimetry. See Polarimetry,
spectro-.

Spot test, for beryllium based on color
reaction with Erichrome Cyanine R
(corresp.). P. R. Mohilner .

Sprayc technique for the preparation of
plates in thin layer chromatography
(aid). lhor Bekersky .

STANDARDS
ionization cross-section detector as a

reference standard in gas chromatogra-

ro~~'.. ~.. ?: ~:~.~~~d ...~~~ !.' .E.. Love~
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621

56

2209

778

1312

2155

1415

1676

1991

797

2146

2144

1768

1179

1172

511

1168

1112

1301

946

2033

1369

1985

1892

1948

773

1363

1560

1682

1283

938

719

712

1103

261

1345

primary, for plutonium, dicesium plu­
tonium hexachloride. F. J. Miner et
al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1218

Stannic chloride to separate cesium from
fission products. C. F. Goeking et at.. . . 1434

Starch, linear, ~cadmium iodide reagent,
simplified preparation for colorimetric
iodimetry (corresp.). J. L. Lambert and
Fred Zitomer. . . . . . . . . . . . . . . . . . . . . . 405

Statistical aspects of liquid scintillation
counting by internal standard tech-
nique. R. J. Herberg " . 786

Statistics, least squares method for deter­
mining isomeric toluenesulfonic acids in
mixtures by ul traviolet spectrometry.
Hans Cerfontain et at.. . . . . . . . . . . . . . .. 1005

Steam distillation for separation of organic
acids, total concentration analyzed by
gas chromatography. V. M. Riddle.... 853

STEEL
alloys and copper, flame photometric de­

termination of manganese in. D. A.
Johnson and P. F. Lott... . .. 1705

and ferrous alloys, Claisse borax disk
x-ray fluorescence method for deter­
mination of molybdenum, tungsten,
niobium, and tantalum in. C. L.
Luke. . .. . . 56

and iron, phosphorus determined in, with
quinoline molybdate; development of
basic method; effects of interfering
elements. Arthur Lench. . . . . . . . . .. 1695

stainless, microspheres, individual, deter­
mination of molybdenum, chromium,
and iron content of. P. A. Benson and
C. E. Gleit. . . . . . . . . . . . . . . . . . . . . . . . 1029

STEROIDS
alkaloids, and synthetic compounds

separated by thin layer chromatogra-
phy. B. P. Korzun et at.. . . . . . . . . . . 950

analyzer used in programmed gradient
elution chromatography. Daniel
Francois et at..... .. . . . . . . . . . . . . . . .. 2019

chromatographic purification of, from
total lipid extracts. Raymond Her-
nandez, Jr., and L. R. Axelrod. . . . . . . 80

gas chromatographic means of detecting
ultramicro quantities of; electron
capture spectrometry of haloacetates
(symp.). R. A. Landowne and S. R.
Lipsky. . . . .. .. 532

in N,N-dimethylformamide, polaro-
graphic reduction of. A. 1. Cohen. . . 128

ionization cross-section detector as ref-
erence standard in quantitative analy-
sis by gas chromatography. P. G.
Simmonds and J. E. Lovelock. . . . . .. 1345

keto-, cyclohexanedimethanol polyesters
as stationary phases for gas chroma­
tographic analysis of (sci. commun.).
W. R. Supina. .. . . . . . . . . . . . . . . . . . . . 1304

,,14-3-keto-, deter.mined in the presence of
ill ''-3-ketosteroids; polarographic
monitoring of differential reaction
rates. A. F. Krivis and G. R. Supp. . 1411

17-keto-, urinary, individual, gas chro­
matographic quantitative determina-
tion of. Mario Sparagana et at.. . . . . 1231

mixtures, isomeric, separated by column
fractional precipitation. W. .W.
Schulz and W. C. Purdy.. . . . . . . 2044

preparation of thin-film gas chromato­
graphic columns with PVP-inactivated
supports (sci. commun.). W. J. A.
Vanden Heuvel et al.. . .. . .. . 1745

quantitative thin-layer chromatographic
technique applied to assay of, 6­
chloro-17a-hydroxy pregna 4,6-diene­
3.20-dione acetate. H. L. Bird. Jr. et
al '" . . . .. 346

studies of acetylation of, using l-C14_
acetic anhydride. O. V. Dominguez
d~ 1M3

Stereoisomers separated by column frac­
tional precipitation. W. W. Schulz and
W. C. Purdy. . . . . . . . . . . . . . . . . . . . . . .. 2044

Stillhead, partial condensation variable re-
flux, for distillation of trace components.
Norman Adler....................... 724

STRONTIUM

and calcium, separated by liquid ion
exchange; determination of total ra­
diostrontium in milk. F. E. Butler.. 2069

estimation of, in biological material by
neutron activation analysis. Hamil-
ton Smith " . . . . 749

radio-, total, determined in biological
samples containing large quantities of
calcium. A. L. Boni. . 744

STRUCTURE
features of carbon skeleton and organic

compounds by gas chromatography.
Morton Beroza and Rafael Sarmiento 1353

of aliphatic and aromatic isocyanates, by
near-infrared. D. J. David.... . . . . . 37

studies of organic peroxides. Daniel
Swern and L. S. Silbert. . . . . . . . . . . . . 880

Substrate selectivities in gas chromatogra-
phy, studied with isomeric ketones. E.
D. Smith and J. L. Johnson....... . . .. 1204

SUGAR
acetates and methyl ethers, Magnesol

used in chromatography of. M. L.
Wolfrom et al.. . . . . . . . . . . . . . . . . . . . 1357

and amino acids, sol vents for paper and
thin layer chromatography of, without
spraying (aid). H. S. El Khadem et
al............... ................• 1766

borosilicate glass capillaries used for ob­
taining anomalous capillary melting
points of (corresp.). Leon Segal and
D. J. Stanonis. ..... .... ... . . . . .... 1750

desalting by high voltage electrophoresis
(aid). Y. H-Y. Yang and M. R.
Shetlar. . . . . . . . . . . . . . . . . . . . . . . . . .. 2224

fluorometric microdetermination of car­
bohydrates. J. C. Towne and J. E.
Spikner. . . . . . . . . . . . . . . . . . . . . . . . . . . 211

phosphates, microscale identification of.
Romano Piras and Enrico Cabib.... 755

SULFATE
ammonium, for simultaneous determina­

tion of hypobromite, bromite, and
bromate. M. H. Hashmi and A. A.
Ayaz............................. 908

peroxydi-, macro and micro determina­
tion of by ultraviolet spectrometry
(corresp.). N. A. Frigerio. . . . . . . . . . 412

with chromium-51, determination of;
application of radioisotopes to ana­
lytical chemistry (corresp.). W. J.
Armento and C. E. Larson. . . . . . . . . . 918

Sulfide, tri-n-butylphosphine, as an organic
extractant (sci. common.). R. B. Hitch-
cock et at.. . . . . . . . . . . . . . . . . . . . . . . . . . . 254

Sulfonates, alkylbenzene, concentrations
in aqueous solution by infrared (sci. Com-
mun.). S. D. Kullbomand H. F. Smith. 912

Sulfonylurea derivatives in blood, phenyl-
and tolyl-, chemical microdetermination
of. Werner Kern. . . . . . . . . . . . . . . . . . . . 50

Sulfoxides separated by gas chromatogra-
phy. V. E. Cates and C. E. Meloan. ... 658

SULFUR
and carbon, in ferrous metals, a com­

bustion-gas chromatographic method
for the simultaneous determination of.
W. K. Stuckey and J. M. Walker.... 2015

incineration of, for determination of
trace metals in oils, with spectrophoto-
metric finish. E. J. Agazzi et al.. . . . . 332

in copper, determined by combustion­
spectrophotometric method. Silvio
Barabas and Joseph Kaminski.. . . . . 1702

mercaptans, detection and identification
of, by gas chromatography. K. F.
Sporek and M. D. Danyi.......... . 956

total, in rocks, combustion method for
rapid and accurate determination of
microgram amounts of. J. C. Sen
Gupta....... . . .. .... . . . . ..... . . .. 1971

tritium and carbon-14 labeled com­
pounds, oxygen flask method for as-
saying. H. E. Dobbs. . . . . . . . . . . . . . . 783

SULFURIC ACID
rapid determination of small concentra­

tions of nitric acid in (corresp.).
Charles Wankat et at , 1090

solvent system, titrations in. D. E.
Leyden et al '.' . . 307

toluene-, isomeric, determined in excess
of aqueous sulfuric acid. Hans Cerfon-
tain et at.. . . . . . . . . . . . . . . . . . . . . . . . . 1005

Sulfuryl fluoride in air, determination of
concentrations of. S. G. Heuser. . . . . .. 1476

SURFACE ACTIVE AGENTS
neutron activation analysis of dilute de­

tergent solutions (sci. commun.). C.
H. Wayman........ . . . . . . . . .... ... 768

nonionic, and related materials, general
method for chromatographic separa-
tion of. M. J. Rosen. . . . . . . . . . . . . .. 2074

nonionic, identification of; quantitative
application"s of high resolution nuclear
magnetic resonance. P. W. Flanaganet at.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1283

thermometric titration of colloidal elec­
trolytes and application to detergent
analysis (sci. commun.). Joseph Jor-
dan et at.. . . . . . . . . . . . . . . . . . . . . . . . .. 1534

SURFACE AREA
determined by continuous flow method

(corre8p.). R. M. Cahen and Joseph
Marecha!. . . . . . . . . . . . . . . . . . . . . . . . . 259

in solution, measurement of. R. E.
Mesmer and R. R. Irani. " . . . . . . . . . . 1067

Surface plating in gas chromatography
capillary columns. Albert Zlatkis and
J. Q. Walker , '" 1359

Suspension technique for infrared deter..
mination of insoluble solids (aid).
Meyer Dolinsky et at.. . . . . . . . . . . . . . . . . 931

T

Tachystero12, vitamin D2 and ergosterol,
chromatographic separation of mixtures
of. A. W. Norman and H. F. DeLuca.. 1247

TANTALUM
inert gas fusion determination of oxygen

in. G. J. Kamin et at.. . . . . . . . . . . . .. 1053
molybdenum, tungsten, and niobium in

ferrous alloys and steel, 'Claisse borax
disk x-ray fluorescence method for
determination of. C. L. Luke. . . . . . 56

niobium, simultaneously determined by
neutron activation analysis using ni­
obium-94m and tantalum-182m and
rapid radiochemical separations. C.
K. Kim and W. W. Meinke......... 2138

Tartaric acid used for anion exchange
separations. G. F. Pitstick et at.. . . . . . 995

d-Tartrate, -orthotellurate complex, polari-
metric investigation of. J. G. Lanese
and Bruno Jaselskis , 1878

Tars, determination of trace polynuclear
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952

139

356

597

153

1448

598

770

735

719

970

802

800

246

1647

1067

67

320

1060

1534

1010

1005

712

1761

1413

830

1599

1398

1322

1323

1958

1693

1275

958

1967

Karl Fischer
determination of water and alkali

metal oxide in alkali metal salts of
selenium ..nd tellurium. P. T-I.
Chi..ng and W. C. Cooper .

determination of water in red fuming
nitric aoid. E. A. Burns and R.
F.Muraca .

some experimental parameters of
automatic Karl Fischer titrator
utilizing amplification by relay.
(oorresp.) D. R. Gere ..nd G. E.
Melo..n .

nonaqueous
and ion exchange, determination of

potaasium perchlorate in presence
of chloride ion. E. W. Albaugh
etat .

determination of salts of nitro com­
pounds. (corresp.) Henry Feuer
..nd B. F. Vincent, Jr .

of p - nitrophenylhydrazones with
tetrabutylammonium hydroxide.
(corresp.) W. T. Robinson, Jr.
eta!.. .

of oxides, for oxygen determination in
lithium, ..fter dissolution in liquid
ammonia. R. J. Jaworowski et a1. ..

of plutonium, by coulometry. R. C.
Probst .

of trinitrofluorenone complexes.
(corresp.) R. H. Cundiff and P. C.
Markunas .

oxidation-reduction, formal potentials
and indicator characteristics of some
cyanide and 2,2'-bipyridine com­
plexes of iron/ruthenium, and osmium.
A. A. Schilt.- .

oxidimetric. for analysis of smmonia­
hydrazine mixtures. S. S. Yama-
mur.. and J. H. Sikes .

photometric, of dissolved oxygen and
copper(ll); analytical application of

k~o;~~~~~.i~~l... ~~~~~~s.....~~~~~~~~
potentiometric

and spectrophotometric study of cer­
tain metal chelates of pyridine-2,6-
dialdoxime. S. P. Bag et at .

direct determination of some alkali
metal ions. (corresp.) G. A.
Rechnitz et at .

in nonaqueous solvents, for determina­
tion of lithium ..nd sodium. W. M.
Banick, Jr. et al. .

of boron in boron sUicides. A. J.
Frank .

speotrophotometric
and potentiometric end point detec­

tion for determination of mixtures
of hydrazine and l,l-dimethyl­
hydrazine. E. A. Burns ..nd E. A.
La,vler " .

automatic recording of curves with
Beckm..n model DU spectropho­
tometer. (aid) A. L. Underwood
..nd T. M. Robertson .

determination of three isomeric tolu­
enesulfuric acids in pxcess of aque­
ous sulfuric acid. Hans Cerfontain
etat ..

of beryllium. T. M. Florence and
Y. J. Farrar .

of some divalent metals in chloroform­
isopropyl alcohol solvent mixture.
R. K. Behm and R. J. Robinson ..

thermometric, of colloidal electrolytes
and application to detergent anal­
ysis. (sci. commun.) Joseph Jord..n
etal .

volumetric, and colorimetric determina­
tion of oxamide in nitrocellulose-base
propellants. J. B. Ap..toff et at .

volumetric, rapid method for ortho­
phosphate determinations. T. A.
Taulli and R. R. Irani. .

TOBACCO
and smoke, l,3-indanedione colorimetric

method for determination of nornico­
tine in; comparison with paper chro­
ma.tographic - ultraviolet procedure.
Eugene Glock and M. P. Wright ....

humectants, extraction and gas-liquid
ohromatographic analysis of. R. L.
Friedman ..nd W. J. Raab .

quantitative determination of phenol in
cigarette smoke. A. W. Spears .....

TOLUENE
acetic acid-, solution, measurement of

surface areas in. R. E. Mesmer and
R. R. Irani. .

diisocyanate, free, determined in adducts
with trimethylolpropane. N. R.
Neubauer et al .

trinitro-, in warhead "exudates, deter­
mined by linear sweep polarography.
G. C. Whitnack .

Toluenesulfurio acids. See Sulfuric Acids,
toluene-.

Toxic, organic compounds in air, deter­
mined by gas chromatography. F. R.
Cropper ..nd Simon K ..minsky .

Toxicology, analytical, gas chromatog­
raphy applied to. Leo Kazy..k and
E. C. Knoblook .

Tranquilizers, alkaloids, barbiturates, and
sympathomimetic amines; rapid gas
chromatographio method utilizing solid
injector of toxicological extracts. K.
D. Parker et at .
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618

135

131

814

125

969

139

17

252

157

161

1313

1104

1089

1310

1549

307

1069

1875

58

1673

558

1000

1261

1869

1084

2116

1307

1261

1977

1712

1279

1255

1299
ardization of (soi. commun.). L. J.
Sacks .

THORIUM
indirect determination with EDTA.

D. R. Rogers and W. B. Brown .
plus zirconium and aluminum and zir­

conium in fluoride-bearing materials;
vanadyl ion as b..ck-titrant for in­
direct amperometric titrations with
EDTA. Gerald Goldstein et at.....

Thulium, europium, and ytterbium, atomic
absorption spectra of, using a flame as
line source (sci. commun.). R. K.
Skogerboe and R. A. W oodriff .

Tin, rapid radiochemical procedure for.
A. E. Greendale and D. L. Love .

Tiron. See m-Benzene disulfonic acid,
4,5-dihydroxy-.

TITANIUM
a.tomic absorption spectra of (sci.

commun.). V. A. Fassel ..nd V. G.
Mossotti .

borides, Tiron or EDTA used as mask-

~~~ a!en*.inT~~~~hk~~~~i~~.~~ .. ~~~~~
separated from rare earths, beryllium,

niobium, iron, aluminum, thorium.
magnesium, manganese, and other
elements by cation exchange chro­
matography. F. W. E. Strelow....

separation and determination of. B.
T. Kenna ..nd P. J. Conrad .

trivalent, in acid solution, reduction of
aromatic nitro compounds using;
rapid procedure for determination of
nitro group in semimicro and micro
sc..les (corresp.). R. D. Tiwari and
J. P. Sharma .

TITRATION
acid-base

and measurements of pH and Ho in
study of ..cid-base equilibria in
concentrated salt solutions. Donald
Rosenthal and J. S. Dwyer .

gas-electrode, of indium in presence
of thiooy..nate. E. D. Moorhe..d
and G. M. Frame II .

with asymmetric indicators; spectro­
polarimetric titrimetry of metal
ions and asymmetric substances.
Stanley Kirschner and D. C. Bh..t-
na~ar .

amperometric
of amines with sodium tetraphenyl-

bor..te. Edward Smith et al .
of plutonium(VI) using ironl.ll). C.

A. Seils et a!" , .
of vanadium in vanadium metal. R .

A. Lannoye .
with very dilute solutions of perman­

gan..te. H. P. Silverm..n ..nd D.
A. Skoog .

argentometric, direct, of orthophos­
phate; application to coulometric ti-
trations. G. D. Christi..n et at .

automatic coulometric, use of ion ex­
change membranes in, for acid-base
titrations. P. P. L. Ho and M. M.
Marsh .

by controlled potential, of technetium
with sodium tripolyphosphate. A. A.
Terry and H. E. Zittel. .

colorimetric reagents and analysis of
aluminum alkyls. D. F. Hagen ..nd
W. D. Leslie .

complexometric, new method for de­
termination of some heavy metal ions.
F. G. Sherif and B. 1. Raafat .

conductometric
analysis of alkalinity of se.. water

(corresp.). Kilho P ..rk et at .
in the sulfuric acid solvent systems.

D. E. Leyden et at .
constant current

coulometry, automatic end point de­
tector (aid). C. B. Roberts and
H. A. Breicha .

potentiometry, applied to determina­
tion of cobalt, with potassium ferri­
oy..nide (corresp.). Byron Kra-
tochvil. .

controlled - potential coulometric, of
uranium(IV) and -(VI) in sodium tri­
polyphosphate. H. E. Zittel and L.
B. Duulap .

dead-stop, of indium. L. S. Martens
and Herschel Frye .

differential potentiometric
in determination of selenium and tel­

lurium in refined selenium products.
Silvio Barab..s and P. W. Bennett ..

in determination of tellurium in re­
fined tellurium products. P. W.
Bennett and Silvio Barabas ..

EDTA
determination of plutonium. W. B.

Brown etal .
indirect determination of thorium.

D. R. Rogers and W. B. Brown....
of lead(ll) in the presence of ortho­

phosph..te and alkaline earths.
F. H. Blood and W. H. Neberg..ll
(corresp.) .

immunofluorescein of huma.n and bovine
gamma globulins. (sci. commun.)
R. P. Tangerdy .

iodometric, of free acid in iron(ll!)
solutions and determination of basic
iron(Ill) compounds (corresp.)
Kurt Starke .

'108

135

979

302

1096

\Vlratics In, by ga,s chromatography.
I lam LIJIIlliky et at .

T"ECH~-ETIUM

determination of, by controlled-potential
couIometric titration in lJuffered so-
dium tripolyphosphate medium. A. A.
Terry and H. E. Zittel. .

1,5 - diphenylcarhohydr..zicie used in
spectrophotometric determination of.
F. J. Miller and H. E. Zittel. .... , . . . 299

polarographic and coulon:etric deter­
ruination of. G. B. S. Salaria et al.. .

separated from mixed fis.'3~on productsbb solvent extraction with tributyl
p osphate. M. H. Campbell...... 2052

Tellurides, antimony and bismuth mix­
tures containing selenium and iodine,
..nalysis of. K. L. Cheng ..nd B. L.
Goydish ......••....... , . . . . . . . . . . . . 1965

TELLURIUM
and selenium in refined 13elenium prod-

uct3, differential potentiometric de­
termination of. Silvio Barabas and
P. W. Bennett .

and selenium, Karl Fischel' ti tratiOD for
determin..tion of "'ater and alkali
metal oxide in ..lkali metal salts of.
P. T-l. Chiang and W .. C. Cooper.... 1693

flame spectrometric determination of.
J. A. De..n and J. C. Simms. . . . . . . . 699

in refined tellurium products, differential

"?:Bn;~l~~:tt~~ddS~~~:~~:~~b~s~~... ~..
TEMPERATURE

effect of, on spectrophotometry of Mo(V)
solutions. S. Z. Mikhail and D. F.
Paddleford , .

of fl ..mes typioally used in fl..me pho­
tometry. J. D. Winefordner et at... 1611

Terpene alcohols analyzed by paper chro­
matogrsphy ..s their o.nitrophenyl- ..nd
p-phenylazophenyluret.han derivatives.
J. A. Attaw..y et at.. . ... ..... ... . . ... 234

Tetrnbutylammonium hydroxide, non­
aqueous titration of p-nitrophenylhy­
drazones with (corresp.). W. T. Robin-
son, Jr. et at.. . . . . . . . . . . . . . . . . . . . . . . . 7'lO

ThalJium-column dissoh'ed oxygen anal-
ySIs; ]'ecommended ."...lues of TIOH
equivalent conduotance (corresp.). W.

TI~R~~~dA:;L;~~s· .
differential

..pparatus (symp.;,. R. J. Barral! II
etat.. 18<17

approximate heatu of explosion using
(symp.). R. L. Bohon.......... 18.15

(instrumentation column). R. H.
. Muller 103A (No.4)
Investigation of ('·omonOmer distribu-

don in ethylene-acrylate copolymers
I.symp.). K. J. Bombaugh et al... 1834

of linear polyethylene-high pressure
p~lyethylene blends. B. H. Clam-
PItt , . . . . . . . . . . . . . . . . . .577

simultaneous DTA ..nd TGA using
0,ien-pan tYl'e of sa.mple holder
(ym.). H. G. McAdle.......... 1840

v~~! observation in (..id). Jen
lU........................... 933

mass 8pectrometrh~ (sci. commun.). H.
G. Langer and R. S. Gohlke. . . . . . . .. 1301

Thermal conductivity, rapid and simple
method of deuterium analysis. E. M.
Arnett ..nd P. M. Duggleby. . . . . . . .. 1420

Th~rr~al gradi~~t8. ~moving, applied to gas
hql1ld partitIOn chrom..tography. R.
W. Ohline and D. D. DeFord. " .... . . . 227

Thermal detector, phenyl ether used aa
solvent in rapid eryoscopic method for
molecular weigh';, determinations using

T~~~~~Gl'~;I~~T~:~mpbel!et at.. . . . . . . . . 1989

aerodynamic forces in. Lee Cahn and
Harold Sohult". . . . . . . . . . . . . . . . . . . . 1729

balance, 'ffiodific:ation of., for pyrolysis
experiments in controlled atmosphere
(corresp.). D. A. Smith........... 1306

controlled preS:3ure, controlled atmos­
phere, adaptation of conventional
null-type recording balance for. B.
G. Hurd , . . . . . .. 1468

.imul t ..neous DTA and TGA using open-
pan type of sample holder (symp.),
H. G. McAdie ". 1840

traces, new analysis ot H. H. Horo-
witz ..nd Gershon Metzger. . . . . . . .. 1464

Thermometry, titrations of colloidal elec­
trolytes ..nd ..pplication to detergent
..nalysiE (soi. cammun.). Joseph Jordan

T:;~~"Y~~ATE"""""" ..... ..... ... 1534

gas-electrode titration of indium :,0
presence of. E. D. Moorhead "nd
G. M. Frame II.. . . . . . . . . . . . . . . . . . 1875

tricapryhnethylammollium, utilized as
selective ext.raction agent for spectl'o­
phot,ometrie determination of cobalt.
A. W. WilEon and O. K. McFarland ..

~rhiols, improvement of amperometric: ti­
tration of, Hot rotating platinum elec­
trode (correop.). H. C. Borresen.

'THIOSULPATE

and uranyl ions in water and "t"a~jer­

ethanol solvents, spectrophotonletric
study of complexes formed. S. L.
Melton and E. S. Amis.. ..... ..... 1626

tetramethylammonium tetrachlorcfer­
rate(III) used ..s oxid..nt in stEmd-
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Uric acid, tetramethyl-, selective separa­
tion of polycyclic aromatic compounds
by countercurrent distribution with a
solvent system containing. J. D. Mold
01 al.. . . . . .. 2071

Urine determination of (ethylenedinitrilo)­
tetraacetic acid in (corresp.). R. E.
Mosher et al.. . . . . . . . . . . . . . . . . . . . . . . . 403

Uronic acids and acid mucopolysaccha­
rides, effect of temperature and time of
heating on carbazole reaction of
(corresp.). B. Radhakrishnamurthy
and G. S. Berenson. . . . . . . . . . . . . . . . . . 1316

157

292

17

1630

1163

1035

1382

1382

1044

1715

YTTRIUM
europium and thulium, atomic absorption

spectra of, using flame as line source
(sci. commun.). R. K. Skogerboe
and R. A. Woodriff................ 1977

in anhydrous ethylenediamine, polar­
ography of. L. C. Hall and D. A.
Flanigan............. . . 2108

Yttrium, atomic absorption spectra of
(sci. common.). V. A. Fassel and

V. G. Mossotti. . . . . . . . . . . . . . . . . . . . . . 252

in aluminum aSpIrIn, nea.r infrared
method for determination of. H. H.
Stein and J. M. Ambrose....... .... 550

in~~:i;n ~f~~~~~~~f~rr:;:;ij~in~etM~j:
Fishman and M. W. Skougstad. . . . . . 146

industrial, fluorometric and spectro-
metric determination of aluminum in.
C. A. Noll and L. J. Stefanelli... . ... 1914

in KHF2, determination of content of
(,\or~e~p.). G. B. Barbi and Sergio
P,zz,nr. . . . . . . . . . . . . . . . . . . . . . . . . . . 409

natural, ultraviolet spectrophotometric
determination of nitrate in (sci.
commun.). F. A. J. Armstrong.... 1292

oil field, flame spectrophotometric de­
termination of cesium and rubidium
in. A. G. Collins................. 1258

pollution, cesium and rubidium in, by
flame spectrophotometry. A. G.
Collins. . .. . . . . . . . . . . .. . . .. . . . . . .. 1258

removal of; efficiency of chemical
desiccants. Fred Trusell and Harvey
Diehl............................. 674

rocka, and minerals, neutron activation
analysis for oxygen determination in.
Alexis Volborth and H. E. Banta.... 2203

sea, conductometric analysis of alka-
linity of (corresp.). Kilho Park ot al. 1549

spectrophotometric determination of
bromide ion in. Fred Zitomer and
J. L. Lambert... 1731

sulfur determination in, by neutron ac­
tivation analysis (sci. commun.).
C. H. Wayman................... 768

waste, elimination of chloride. inter­
ference in chemical oxygen demand
test. R. A. Dobbs and R. T. Williams 1064

Weighting, antomatic, instrumentation
column, R. H. Muller 127A (No.3)

y

Xylenes and ethylbenzene, rapid separa­
tion by gas chromatography using

~~~~~~r.. ~~~~~~ .. ~~~r.r~~::):.. ~: .. ~: 592
XYLENOL

4-nitroso-2,6-, polarographic determina­
tion of nitrite as. A. M. Hartley and
R. M. Bly. . . . . . . . . . . . . . . . . . . . . . .. 2094

4-nitroso-. spectrophotometric deter­
mination of nitrate as. A. M. Hartley
and R. I. Asai.................... 1214

orange used in spectrophotometric de-­
termination of scandium; determina-
tion of scandium in copper. S. S.
Berman et al.. . . . . . . . . . . . . . . . . . . . . . 1392

spectrophotometric determination of
nitrate with. A. M. Hartley and R.
I. Asai........................... 1207

ZINC
and cadmium 8-quinolinates precipitated

from homogeneous solution. F. H.
Firsching and J. G. Brewer .

complexes with dialkylphosphorodithioio
acids. T. H. Handley et al•. ........

in micromolar concentrations, utility of
2,4 - bis - [N,N' - di - (carboxjf­
methyl) aminomethyl) fluorescein III
microdetermination of metale in bio­
logic materials. D. F. H. Wallach
and T. L. Steck .

ZIRCONIUM
and aluminum and zirconium plus tho­

rium in fluoride-bearing materials;
vanadyl ion as back-titrant for in­
direct amperometric titrations with
EDTA. Gerald Goldstein et al.. ...

as reduced molybdosulfatozirconic acid,
spectrophotometric estimation of.
G. C. Dehne and M. G. Mellon .

automatic amperometric cupferron ti­
tration in highly radioactive solutions.
Hisashi Kubota and J. G. Surak .....

borides, Tiron or EDTA used as masking
agent in determination of boron in.
J. W, Tereshko .

in solution in uranium-base fission
alloys, fluorescent x-ray spectrometric
analysis of. J. O. Karttunen .

solvent extraction method for; use for
evaluating critical nuclear incidents.
W. J. Maeck et al .

spectrophotometric estimation of, as
reduced molybdosulfatozirconic acid

~~NieJ~~~):.. ~'. ~'..~~~~~. ~~~..~:

z

x

863

597

17

867

595

2

818

252

1053

1685

558

2030

1746

1095

1974

1247

1086

2112

2091

1829

1866

2100

1884

179R

v
Vacuum distillation of metals applied to

radiochemical separations. J. R. DeVoe
and W. W. Meinke .

VANADIUM
atomic absorption spectra of (sci.

commun.). V. A. Fassel and V. G.
Mossotti. .

inert gas fusion determination of oxygen
in. G. J. Kamin et al .

in high purity aluminum, spectrophoto­
metric determination of. D. G.
BiecWer et al .

in vanadium metal, amperometric de­
termination of. R. A. Lannoye ....

molybdovanadophosphoric acids, an­
alysis of and of their ammonium salts
(corresp.). W. H. Price and R. H.
Maurer .

-oxygen compounds, infrared spectra­
structure correlation study of. L. D.
Frederickson, Jr., and D. M. Hausen

1,IO-phenanthroline as an oxidation­
reduction indicator (sci. coromun.).
W. P. Schaefer .

rapid extraction of, with 2-thenoyltri­
fluoroacetone; spectrophotometric de­
termination in organic phase (cor­
resp.). A. K. De and M. S. Rahaman

Vanadyl ion as back-titrant for indirect
amperometric titrations with EDTA;
general method. Gerald Goldstein et al.

Vanilla extract, paper chromatography of
monohydroxy phenols in. M. H.
Anwar .

VITAMINS .
A and D, column partition chroma­

tography on FIuoropak 80. P. S.
Chen, Jr. et al .

D2, ergosterol, and tachysterol2, chro­
matographic separation of. A. W.
Norman and H. F. DeLuca .

VOLTAMMETRY
and EPR spectra of halonitrobenzene

anion radicals (sci. commun.).
Toyokichi Kitagawa et al .

anodic stripping of gold and silver with
carbon paste electrodes. E. S. Jacobs

application of stripping analysis to de­
termination of silver(I) using graphite
electrodes. S. P. Perone .

cyclic and step - function, instrumen­
tation for, using operational amplifier
switching modules (symp.). R. P.
Buck and R. W. Eldridge .

experimental evaluation of liquid-

~';,dctj~nT. £~~~~~~'...1: .. V: .. ~~I~~~
in aqueous solutions, fabrication and use

of pyrolytic graphite electrode for.
F. J. Miller and H. E. Zittel. .

tubular platinum electrode. W. J.
Blaedel et al .

w
WATER

added to solvents, differential dielectric

~gl~~~:~s.. ~~r..~et.e:~i.~i~~:..~'..~:
analysis of, (rev.). M. W. Skougstad

and M. J. Fishman .
and alkali metal oxide, in alkali metal

salts of selenium and tellurium, Karl
Fischer titration. P. T-I. Chiang and
W. C. Copper. 1693

and Cl-C, saturated alcohols, gas chro­
matographic behavior on polyethylene
glycol substrate: effect of solid sup-
port. Paul Urone and R. L. Pecsok 837

and water-ethanol solvents, spectro­
photometric study of complexes
formed between uranyl and thio­
sulfate ions. S. L. Melton and E. S.
Amis............................. 1626

below 10 p.p.m., determined in benzene
and related solvents, using coulo­
metrically generated iodine. R. F.
Swensen and D. A. Keyworth .

bulk moisture analysis system, nuclear
radiation (col.). R. H. Muller.99A (No.1)

by Karl Fisher, Beckman aquameter
for, parameters of (corresp.). D. R.
Gere and C. E. Meloan .

determined in red fuming nitric acid
by Karl Fischer titration. E. A.
Burns and R. F. Muraca..... .. ..... 1967

determination of moisture in ion ex­
change resins by Karl Fischer reagent.
F. X. Pollio............... 2164

125

921

362

50

1263

627

536

747

768

970

905

669

1910

596

56

845

783

1907

1633

1924

1580

1992

1502

309

1049

1553

1044

1093

1545

1978

1613

1094

1531

1626

Trapping system for determination of at­
mospheric pollutants in the part-per­
billion range, by gas chromatography.
T. A. Bellar et al .

8-TBIAZINE
2,4-diamine-6-phenyl-. stable chelate of

(sci. commun.). C. E. Meloan and
J. Butel. .

triaryl-, infrared procedure for deter­
mination of four closely~related.
R. D. Spencer and B. H. Beggs .

Trimethylsilyl derivatives of compounds
related to chloraml'henicol, gas chro-
matographyof. P. D. Shaw .

Trinitrotoluene in warhf'<ad exudates, de­
termined by linear s",eep polarography.
G. C. Whitnack .

TRITIUM
carbon-14 and sulphur-35 labeled com­

pounds. oxygen flask method for as-
saying. H. E. Dobbs .

-containing thin layer chromatograms,
autoradiography of (aid). Herbert
Sheppard and W. H. Tsien .

determination of .hydrogen in sodium by
isotopic dilution using. Clayton
Evans and John Herrington .

labeled compounds, radioassay by gas
chromatography (symp.). Arthur
Karmen et al .

TUNGSTEN
fiuorometric detennination with Hav­

anol. R. S. Bottei and B. A. Trusk ..
in nuclear reactor and other materials,

8-quinolinol used in extraction and

£e~.r'lee~i~~~t.ri~.~eter~i~.ti~~.~~.
molybdenum, niobium, and tantalum

in ferrous alleys and steel, Claisse
borax disk x-ray fluorescence method.
C. L. Luke .

sodium, bronzes, activation analysis for
sodium in. R. J. Reuland and A. F.·
Voigt .

Turbidity, scattering effect on optical ro-
tation. A. L. Rouy et al .

Ultramicrotomy, determination of fine
metallic filament morphology (aid).
W. K. Tice and W. R. Lasko .

Unsaturated compounds, use of differ­
ential reaction ratea to analyze mixtures
of organic materials containing func­
tional group. Sidney Siggia et al .. ....

URANIUM
and iron, potentiometric determination

of, utilizing a lead reductor. W. R.
Amos and W. B. Brown .

and plutonium, x-ray emission analysis
of. Oscar Menis et al .

base :fissium alloys, fluorescent x-ray
spectrometric analysis of zirconium,
molybdenum, ruthenium, rhodium,
and palladium. J. O. Karttunen ...

carbide coated with pyrolytic graphite,
current concentrator with induction
furnace determination of oxygen.
M. E. Smith et al .

dioxide, fused, determina.tion of nitro­
gen as uranium nitrides in (corresp.).
H. J. Anderson and J. C. Langford ...

-fission element alloys, spectrophoto­
metric determination of niobium in
(corresp.). J. J. McCown and D. E.
Kudera .

(IV) and (VI), controlled-potential
coulometric titration of, in sodium
tripolyphosphate. H. E. Zittel and
L. B. Dunlap .

in uranium, niobium alloys, controlled­
potential coulometric determination
of (corresp.). W. D. Shults and L.
B. Dunlap .

isotope investigations by atomic ab­
sorption (sci. commun.). J. A.
Goleb .

mill effluents, actinium in, determined
by radiochemistry. H. G. Petrow
and R. J. Allen .

modified Conway method for determin­
ing ammonia in (corresp.). G. J. G.
Altman et al .

neutron activation analysis for de­
termination of trace quantities of.
Dirk Decat et al .

[4-(2-pyridylazo)-resorcinol) used in

¥:e~~~ho~~~~:t;~d~~~~~~n~~~r~r~f:
-rhodium alloys, determination of rho­

dium in, by precipitation with hydro­
gen sulfide (corresp.). E. J. Maien-
thal. .

URANYL
and thiosulfate ions in water and water­

ethanol solvents, spectrophotometric
study of complexes formed. S. L.
Melton and E. S. Amis .

glycolate complex, cathodic action at
dropping mercury electrode. T.-T.
Laietal .

-lactate complex, cathodic action at
dropping mercury electrode. T.-T.
Lai and B.-C. Wang .

Urea, phenyl- and tolylsulfonyl-deriva­
tives, chemical microdetermination of
in blood. Werner Kern .

u
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Spectrometry Nomenclature
We have compiled the following list of terms, their deflnitions, and abbreviations, which occur most frequently in papers

on spectrometry. The list indicates O\lr prefe'rred usages in an attempt to obtain some consistency in a fleld where much
discrepancy exists. Sources used in this compilation werer ASTM Committee E-13 on Absorption Spectroscopy (1959
revision of tentative deflnitions); H. K. Hughes et al. [ANAL. CHEM. 24, 1349 (1952) Ji and Chemical Abstrads. Our advisory
board member's considered the terms and the following list includes their suggestions.

Absorbance, ~l. (Not optical density, absorbancy, or
extinction.) Logarithm to the base 10 of the reciprocal
of the transmittance A = loglo (1/T).

Absorptivity, a. (Not- k.) (Not absorbancy index, specific
extinction, 01' extinction coefficient.) Absorbance di­
vided by the product of the concentration of the sub­
stance (in g.jl.) and the sample path length (in cm.),

A
a = be

Absorptivity, Molar, E. (Not molar absorbancy. index,
molar extinction coefficient, or molar absorption
coefficient.) Pl~oduct of the absorptivity, a, and the
molecular weight of the substance.

Angstrom, A. (Not 1.) Unit of length equal to
1/6438.4696 of wavelength of red line of Cd. For
practical purposes, it js considered equal to 10-8 em.

Beer's Law. (Representing Beer-Lambert law.) Absorp­
tivity of a substance is a constant with respect to
changes in concentration.

Concentration, c. Quantity of the substance contained
in a unit quantity of sample. (In absorption spec­
trometry it is usually expressed in grams or moles per
liter.)

Frequency. Number of cycles per unit time.

Infrared. The regio:D of the electromagnetic spectrum
extending from approximately 0.78 to 300 microns.

Micron, p. Unit of length equal to 10-8 meter.

Millimicron, m~ Unit of length equal to one thousandth
of a micron. Almost ~ut not exactly equal to 10
angstroms.

Sample Path Length, b. (Not l or d.) Internal cell or
sample length, usually given in centimeters.

Spectrograph. Instrument with an entrance slit and
dispersing device that uses photography to obtain a
record of spectral range. The radiant power passing
through the optical system is integrated over time, and
the quantity recorded is a function of radiant energy.

Spectrometer, Optical. Instrument with an entrance slit,
a dispersing device, and with one or more exit slits,
with which measurements are made at selected wave­
lengths within the spectral range, or by scanning over
the range. The quantity detected is a function of
radiant power.

Spectrometry. Branch of physical science treating the
measurement of spectra.

Spectrophotometer. Spectrometer with associated equip-'
ment, so that it furnishes the ratio, or a function of the
ratio, of the radiant power of two beams as a func­
tion of spectral wavelength. These two beams may be
separated in time, space, or both.

Transmittance, T. (Not transmittancy or transmission.)
The ratio of the radiant power transmitted by a sample
to the radiant power incident on the sample.

mtraviolet. The region of the electromagnetic spectrum
from approximately 10 to 380 mp. The term without
further qualification usually refers to the region from
200 to 380 mp.

Visible. Pertaining to radiant energy in the electromag­
netic spectral range visible to the human eye (approxi­
mately 380 to 780 mp).

Wavelength. (One word.) The distance, measured along
the line of propagation, between two points that are in
phase on adjacent waves-units A., mp, and p.

Wavenumber. (One word.) Number of waves per unit
length. The usual unit of wavenumber is the reciprocal
centimeter, cm.-1 In terms of this unit, the wavenum­
ber is the reciprocal of the wavelength when the latter
is in centimeters in vacuo.

Guide ,For Measures of Precision and Accuracy
It is important to know what an author means when he writes of precision and accuracy. The following deflnitions are appli­

cable when one operator provides a series of test results and no prior information on the method is used. They are endorsed
by ANALYTICAL CHEMISTRY-after careful study by members of its Advisory Board and on advice of qualifled statisticians­
and suggested when results reported are suitable for statistical treatment (based on 5 or more determinations).

Series. A number of test :results which possess common prop­
erties that identify them uniquely.

Mean. The sum of a series of test results divided by the num­
ber in the series. Arithmetic mean is understood.

Precision Data. Measurements which relate to the variation
among the test results themselves-Le., the scatter or dis­
persion of 8. series of test re:mlts, without assumption of any
prior information. The following measures apply:
VARIANCE. The sum of squares of deviations of the test re­

sults from the mean of the series after divisions by one
less than the total number of test results.

STANDARD DEVIATION. Thll square root of the variance.
RELATIVE STANDARD DEVIA~rION. The standard deviation

of a series of test results as a percentage of the mean of

this series. This term is preferred over "coefficient of
variation."

RANGE. The difference in magnitude between the highest
test result and the lowest test result in lI.,series.

Accuracy Data. Measurements which relate to the difference
between the average test results and the true result when
the latter is known or assumed. The following measures
apply:
MEAN ERROR. The average difference with regard to sign

of the test results from the true results. Also equal to the
difference between the average of a series of test results
and the true result.

RELATIVE ERROR. The mean error of a series of test re­
sults as a percentage of the true result.



MANUSCRIPT REQUIREMENTS
The following guide is published by the Editors of ANALYTICAL CHEMISTRY to aid authors
in writing, and editors and reviewers in expediting review and publication of manuscripts.

SCOPE. Articles should describe significant develop­
ments in qualitative or quantitative analysis or instrumen­
tation in either theoretical or applied aspects. They are
intended to meet needs of those engaged in theoretical and
fundamental analytical research and those who are de­
veloping practical analytical methods, procedures, and
techniques. Articles of a theoretical nature which hold
promise of future analytical applications, even though not
directly related to analysis at the moment, are included.
Papers involving spectrometric data should offer a new or
modified approach to analysis in a particular field, not
just extend the existing library of data.

In addition to full-length articles, Scientific Communi-

ABSTRACT. Use no more than 150 words to
summarize results as specifically as possible
and to indicate what is new, different, and
significant. No abstracts are used for Sci­
entific Communications, Correspondence,
and Aids.

TITLE. Use specific and informative titles.
Indicate, where applicable, compound or
element determined, method, and special
reagents-e.g., "Spectrophotometric Deter­
mination of Thallium in Zinc and Cadmium
with Rhodamine B." Do not use series
designations.

AUTHORSHIP. Given name and initial of
second name are generally adequate for
correct identification. (Write out first
name if there is no middle initial.) Omit
professional and official titles here, as well
as in the Acknowledgment. Give com­
plete mailing address for place where work
was done. Add current address of each
author, if different, as footnote on title
page.

TEXT. Consult the publication for general
style.

Write for the specialist. Do not include
information and details or techniques which
should be common knowledge to him. With
this in mind we suggest:

Introductions. Discuss relationships of
your work to previously publif'hed work,
but do not repeat. If a recent article has
summarized work on the subject, cite this
article rather than repeating individual
citations.

Experimental

ApPARATUS List only devices of special­
ized nature. Do not include equipment
which is standard in an analytical labora­
tory and used in the normal way.

REAGENTS. List and describe prepara­
tion of special reagents only. Do not list
reagents normally found in the laboratory
and preparations described in standard
handbooks and texts.

PROCEDURE. Omit details of procedure
which are common knowledge to those in

cations, Correspondence, and Aids for the Analyst are
also published. Scientific Communications should be brief
disclosures of new analytical developments. They may be
offered to establish priority with the full article to fol­
low or as reports of work which the authors do not plan
to continue. Correspondence should describe modifica­
tions or extensions of previously published work or discuss
published articles. It may also include exchanges of views
between author and reader. Aids for the Analyst should
be brief. descriptions of novel apparatus or techniques,
requiring real ingenuity on the part of the author, which
offer definite advantages over similar ones already
available.

the field. Describe pertinent and critical
factors involved in reactions so that the
method can be reproduced, but avoid ex­
cessive description. Brief higWights of
published procedures may be included; de­
tails should be left to Literature Cited.

Results, Discussions, and Conclusions.
Be complete and relevant but concise.
Omit calculations which are well known to
the specialist. Use Conclusions only when
necessary for interpretation and not to
summarize information already given.

Graphs and Tables. Do not use graphs
or tables which duplicate each other or
material already in the text. Omit
straight-line calibration curves; give in­
formation in tabular form or in a sentence
or two in the text.

Organization. Indicate the breakdown
among and within sections with center
heads and side heads: Results and Dis­
cussion typically follow Experimental Sec­
tion. Keep all information pertinent to a
particular section within that section-e.g.,
do not present results in the Experimental
Section. Avoid repetition. Do not use
footnotes; include the information at an
appropriate place in the text.

NOMENCLATURE. Follow nomenclature
style of Chemical Abstracts,. avoid trivial
names. Well known symbols and formu­
las may be used (write out in title and
abstract) if no ambiguity is likely. Define
trade names and abbreviations at point of
first use. Trade names should be capital­
ized.

Use consistent units of measurement
(preferably metric) and give dimensions for
all terms. If nomenclature is specialized,
as in mathematical and engineering reports,
include a Nomenclature section at end of
paper, giving definitions and dimensions for
all terms. Write out names of Greek let­
ters and other special symbols in margin of
manuscript at point of first use.

Write all equations and formulas clearly
(type if possible) and number equations
consecutively. Place superscripts and sub­
scripts accurately; indicate capital letters
and distinguish between characters which
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covering letter to
CHEMISTRY, 1155
Washington, D.C.

are alike on the keyboard-e.g., one and the
letter "EL," zero and the letter "OR."
Avoid superscripts which may be con­
fused with exponents.

ACKNOWLEDGMENT. Acknowledge pro-
fessional technical g,ssistance and source
of special materials only. Give credit for
financial support, meeting presentation in­
formation, and auspices under which work
was done, including permission to publish,
in a separate note on final page of manu­
script following the literature cited.

LITERATURE CITED. List at end of article in
alphabetical order according to author,
patentee, or equivalent, and not as cita­
tions appear in the text. Number consecu­
tively, and use appropriate number (under­
lined and in parentheses on the line) to in­
dicate references in text. Use Chemical
Abstracts abbreviations for journal names
and include volume, page number, and pub­
lication year. Include Chemical Abstracts
reference for foreign publications which are
not readily avails,ble. List submitted ar­
ticles as "in press" if formally accepted for
publication, and give the volume number
and year if known. Otherwise use "unpub­
lished data" with place where work was
done and date.

Give complete information when citing
articles, books, patents, etc., according to
the examples below:

(1) Adams, J. A. S., Maeck, W. J., ANAL.
CHEM. 26, 207 (1954).

(2) American Instrument Co., Silver Spring,
Md., Bull. 27'78H (1956).

(3) Arthur, Paul, Donahoo, W. P., U. S.
At. Energy Comm. Rept. CCC-1024­
TR-221 (1957).

(4) Bellamy, L. J., "Infrared Spectra of
Complex Molecules," 2nd ed., p. 20,
Methuen and Co., London, 1958.

(5) Furmanek, Cecylia, Monikowski, Kazi­
mierz, Roczniki Panstwowego Zakladu Hig.
4,447 (1953); C.A. 48, 855ge (1954).

(6) Thurston, J. T.(to American Cyanamid
Co.), U. S. Patent 2,525,247 (Oct. 10,
1950) .

(7) Zemany, P. D., General Electric Co.,

Schenectady, .N. Y., private communica­
tion,1960.

COpy REQUIREMENTS. Send original ribbon
copy and two legible carbon copies of man­
uscript typed double- or triple-spaced on
81/ 2- X 11-inch paper. Duplicated copies
are acceptable only if very clear. Provide
complete copies (text, tables, and illustra­
tions) of a size that can be mailed to
reviewers under one cover. If pertinent
references are unpublished, furnish copies
of the work or sufficient information to
enable reviewers to evaluate the manu­
script.

Submit original drawings (or sharp glossy
prints) of graphs and diagrams prepared
on tracing cloth or plain paper. All lines,
lettering, and numbering should be sharp
and unbroken. If coordinate paper is used,
use blue cross-hatch lines as no other color
will "screen out" Typed lettering does
not reproduce well; use black India ink and.
a lettering set for all letters, numbers, and
symbols. On 8- X lO-inch copy, lettering
should be at least l/Sinch high and 0.017
inch thick-for example, with a Leroy let­
tering set, use template 120 C and pen
No. O. Lettering on copy of other sizes
should be in proportion. Label ordinates
and abscissas of graphs along the axes and
outside the graph proper.

Supply glossy prints of photographs.
Sharp contrasts are essential.

Number all illustrations cons~cutively us­
ing Arabic numerals in the order of refer­
ence in the text. Include a typed list of
captions and legends for all illustrations on
a separate page.

If drawings are mailed under separate
cover, identify by name of author and
title of manuscript. Advise editor if
drawings or photographs should be re­
turned to the authors.

Prepare tables in consistent form, furnish
each with an appropriate title, and num­
ber consecutively using Roman numerals in
the order of reference in the text. Double
space.

Send manuscript with
Editor, ANALYTICAL
Sixteenth St., N.W.,
20036

AMERICA:'-'l CHEMICAL SOCIETY REGULATIONS REGARDING PUBLICATION RIGHTS ON ACS MEETING PAPERS

American Chemical Society Bylaw VI, Sect. 5,4 states that the Society shall have first right to publish papers presented at na­
tional, regional, divisional, or other major meetings of the Society. However, after a paper has been accepted for a meeting program,
the author may request its release either before or after its oral presentation. Under no circumstances shall release, if granted,
permit publication before the oral presentation. Within fewer than 60 days after receiving a request for release (and the complete
manuscript, if an Editor requests it), the Society shall give the author a decision to release the paper or to accept it Jor publica.­
tion subjeet to the usual editorial revision.

Requests for release should be addressed to: Secretary, Committee of Editors, ACS Publications, 1155 16th St., N.W., Washing­
ton, D. C. 20036
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1. Full 10" Chart
2. 1/10% Accuracy of Measurement
3.10 Standardized Polarizing

Ranges
4. Low Cost

This Sargent POLAROGRAPH gives
you a large 250 mm (10 inches) chart and
the highest accuracy and current sensi­
tivity at the lowest price of any pen
writing polarographic instrument meet­
ing these specifications.

It offers you optimum specifications
based on over twenty years of leadership
in design, manufacture and service in
this specialized field of analysis.

The polarographic method is capable
of reproducibility to 1/10% and analyt­
ical accuracy to Jh.%. To make use of this
facility, the instrument must be accurate
to 1/10% and chart space must be pro­
vided for recording large steps to achieve
measuring precision. We strongly advise
against the purchase of any polarogra­
phic instrument using miniature (5 inch)
charts and low gain balancing systems
in the I% order of precision.

This Model XV is adaptable to IO-GM
determinations with the S-29315 Micro
Range Extender.

SPECIFICATIONS
Current Ranges: 19, from .003 to 1.0 IlA/mm.
Polarizing Ranges, volts: 0 to -1; -1 to-2; -2 to
-3; -3 to ·4; +.5 to -5; 0 to -2; -2 to -4; +1 to -1;
oto -3; +1.5 to -1.5.
Balancing Speed: standard, 10 seconds; 1
second or 4 seconds optional.
Bridge Drive: synchronous, continuous reo
peating, reversible; rotation time, 10 minutes.
Chart Scale: current axis, 250 mm; voltage
axis, 10 inches equals one bridge revolution.
Current Accuracy: 1/10%
Voltage Accuracy: X%
Chart Drive: synchronous, 1 inch per minute
standard; other speeds optional.
Writing Plate: 10Y. x 12y' inches; angle of
slope,300.
Standardization: manual against internal cad·
mium sulfate standard cell for both current
and voltage.
Damping: Re, four stage.
Pen: ball point; Leroy type optional.
Suppression: zero displacement control, mer­
cury cell powered, 6 times chart width, upscale
or downscale.
Potentiometric Range: 2.5 millivolts, usable
as general potentiometric recorder.
Finish: case, enameled steel; panels, anodized
aluminum; writing plate, polished stainless
steel; knobs and dials, chromium plated and
buffed.
Dimensions: 23 x 17 x 10 inches.
Net Weight: 65 pounds.

5-29310 Sargent Model XV Recording
Polarograph with accessories and sup-
plies __ .. $1650.00
For complete information write for Sargent
Bulletin P-3.

E. N. SARGENT &CO., ~64T W. rOSTER m .• CHICAGO 30, ilLINOIS
Detroit 4, Mich .• Dallas 35, Texas. Birmingham 4. Ala.
Springfield, New Jersey. Anaheim, California

®
SARGENT
Scientific Laboratory Instruments

Apparatus . Supplies' Chemicals
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THERMAL CONDUCTIVITY DETECTOR
FOR GAS CHROMATOGRAPHY

As an analytical tool, gas chroma­
tography provides a rapid analysis
of multi-component systems in
minutes. However, selection of the
proper column and detector for the
analysi~before you begin is vitally
important. Industrial Instruments
has minimized this problem by
offering ONE general purpose, ul­
tra-sensitive detector that com­
bines SEVEN of the most desirable
features for gas chromatography. The Model
TBS-n Therma Bridge® Gas Chromatography Cell
offers: 1. Large block mass for thermal stability. 2.
Small cavity volume for precise measurement of
rapidly eluted components. 3. Operation at any tem­
perature to 375°C without loss of sensitivity. 4.
Especially fine, high strength filaments for rapid
response and high signal-to-noise ratio. 5. Full
bridge measuring circuit for twice the sensitivity

of two filament detectors. 6. Choice
of tungsten, platinum, or ther­
mistor sensors. 7. A respectably
low price.

Therma Bridge® Power Supply.
For maximum sensitivity, durabil­
ity and reliability in detector oper­
ation a regulated flow of power is
mandatory. The Model TBP2
Therma Bridge® PowerSupply is a

transistorized, voltage regulated unit, incorporating
precision components in highly refined circuits and
ideally suited for gas chromatography analysis. The
unit is designed for 100-130 or 215-245 VAC, 50-60
CPS operation, with output voltages of 20, 30, 40
VDC. Output current is 50-500 mA DC and voltage
regulation to ±0.250/0. Output ripple is less than one
mV DC with temperature regulation to better than
0.05% Co.

THERMA BRIDGE® GAS ANALYSIS EQUIPMENT

For complete technical details and pricing
information please address your requests to:

The expanded and improved line of thermal con­
ductivity cells includes the Model TBS-ll detector
for high sensitivity and fast response applications;
the Model TBS-12 detector for applications where
wide excursions in sample temperature, pressure or
flow are encountered; and the Model TBS-14 single
pass, sealed reference detector for use when base gas
composition is fixed. All detectors are available in
standard brass, aluminum or stainless steel blocks
with tungsten, platinum or thermistor sensors.

Indu51rfollnslmmenl5 INC.

89 COMMERCE ROAD, CEDAR GROVE, NEW JERSEY 07009
TEL: 201·239·6200 TWX: 201·239-4704

Circle No. 52 on Readers' Service Card

The Model TBA-2100 'I'herma Bridge® Analyzer in­
oorporates such precision components as a high
sensitivity detector, a transistorized, voltage regu­
lated power supply (output ripple less than ±0.25 0/0
over the range 30-300 MA DC), zero set and span
adjustment, flowmeters with 3112" scales and preci­
sion needle valves, and an illuminated meter with a
4" scale for easy reading of gas composition. A com­
plete ~election of accessories, such as diaphragm
pumps, driers and strippers, multi-turn calibration
controls, and meter alarm contacts are available to
meet special requirements. Typical applications in­
clude: Acetone in Air, Air in Helium, Argon or
Helium in Air, Carbon Dioxide in Air or Nitrogen,
Ethylene Oxide in Air, Freons in Air, Hydrocarbons
in Air, Hydrogen in Methane, Hydrogen in Air or
Nitrogen, Sulphur Dioxide in Air.
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The scanning electron microscope
shown is the first successful one de·
veloped in the U. S. Instead of tak·
ing a single photograph of an area,
the instrument scans the surface by
repeatedly sweeping the electron
beam across it, building a picture as
it goes. A second beam, moving in
unison with the first, displays the
picture on a television picture tube.
The scanning time of the specimen
can be varied from 1/4 second to
4000 seconds. The number of lines
composing the picture can be varied
in steps from 250 to 1000 lines.
Westinghouse Research Laboratories,
Pittsburgh, Pa. 401

Radioassay Electroscope
The Model RE-1050 radioassay elec­

troscope can be used for tracer studies,
radioassays, and for teaching the basic
fundamentals' of nuclear science on all
school levels. The instrument measures
the number of ionizing events per unit
of time from any radioactive source.
It is essentially an ion chamber with a
quartz-fiber voltmeter as the indicating
element. A fiber image drifts across
the eye-piece scale in direct proportion
to the radiation in the sample. Func­
tioning independently of outside light
and power sources, it is charged by a
transistorized power supply operating
on one standard liD" battery. Atomic
Accessories Inc., 811 West Merrick
Road, Valley Stream, N. Y. 402

Light in weight and easily carried, the
Model 132 fraction collector holds
250 tubes. The system automatically
collects effluent from chromatographic
columns on a timed flow, drop' count·
ing, or volumetric basis. Controls
are housed in a separate unit. Spinco
Division of Beckman Instruments,
Inc., Palo Alto, Calif. 403

Temperature Chamber
A solid-state temperature controller

is featured on the 1064 temperature
chamber being introduced by Delta De­
sign, Inc. The new controller offers in­
creased reliability and precision com­
pared to chambers using mechanical
temperature controllers, according to
the manufacturer. The 1064 temper­
ature chambers are designed for versa­
tility, accuracy, and freedom from am­
bient temperature effects. The pro­
grammable solid-state temperature con­
trol will hold to within ±1/40 F. from
-100° F. to +600° F. Delta Design
automatic temperature programmers
will work directly with the new con­
trollers. Non-Linear Systems, Inc., Del
Mar, Calif. 404
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WHAT GOES ON HERE?
If you do any chromatography at all. it should be the new Lab-Crest needle valve,
designed especially for your use. It's not a make-do adaptation, but a brand-new
design with the precise control and reproducibility you need.
It takes 12 turns of the new valve to get from positive-zero close to unimpeded (3 mm)
open-and there's a reference scale on the stem for hairline accuracy.
The valve will never freeze, never need grease. Its body is precision-bore glass tubing;
its needle, Teflon.
You can have thl~ valve either by itself or built right into one of our new chromatog­
raphy-column bottom connections. ( -he new connections are more than pretty good
themselves: minimum volume between the removable fritted disc and the valve keeps
the effluent you're working with from remixing.)
All things considered, the built-in's your best bet, but if you just want the valve
itself, fine. We'll be glad to oblige. If you'd like information on either the valve, the
bottom connections, or both, let us know.

~~8 SCIENTIFIC DIVISION

~ FISCHER" PORTER COMPANY, 1623 County Line Road, Warminster, Pa.
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NEW PRODUCTS

Air Fume Hoods

The Series FH-300 fume hoods are
specifically designed for air conditioned
laboratories and "breathe" with the
laboratory area in which they are in­
stalled. The hood draws only 50% of
its air from the room itself, the balance
being ducted in from the outside.
Thus, complete exhaustion of undesir­
able fumes is effected while the load on
the air conditioning system is reduced
by half. Laboratory Furniture Co.,
Mineola, N. Y. 405

The drum-and-stylus recorder, Series
SP, indicates "on" and "off" condi­
tions of any piece of laboratory ap­
paratus, enabling the analyst to deter­
mine how long a particular operation
takes to perform, and also elapsed
time between operating cycles, down
to a half second. It is also used for
charting activity of animals during ex­
periments. Henry Troemner, Inc.,
22nd and Master Sts., Philadelphia
21, Pa. 406

Automatic Analyzer

A newly-developed automatic ana­
lyzer for continuously monitoring major
atmospheric pollutants has been per­
fected by Kern-Tech Laboratories, Inc.,
Baton Rouge, La. Precision Scientific
Development will manufacture and sell
the analyzer. The analyzer employs
wet chemical systems which permit de­
termination of atmospheric concentra­
tions of nitrogen dioxide, sulfur dioxide,
and formaldehyde in the part-per-hun­
dred million range on a continuous
basis. Precision Scientific Development
Co., 3737 W. Cortland St., Chicago 47,
Ill. 407



• COURTAULD Space-Filling Models-new and incom·
parable. Prices halved September 1963.

to build
precision research

~ .

.~.,•.
BIOMOLECULAR
STRUCTURES

• KENDREW-CAMBRIDGE Repetition Skeletal Models,
as used to build myoglobin, DNA, etc.

• KENNARD-DORE Stereo Model Construction Set,
builds skeletals to arbitrary scale from electron density
maps.

Spectra-analyzed
Solvents for
Precision ContraI
and Reliability in
Analysis, Synthesis,
and Research

Ready for shipment: acetone / benzene
carbon disulfide / carbon tetrachloride / chloroform
1,2-dichloroethane / ether / n-hexane / methanol
pentane / 2-propanol / pyridine / toluene / heptane.

Circle No. 107 on Readers' Service Card

in capacities up to 12,500
grams or 22 pounds.
The auxiliary platform is
used for weighing up to 1/10
of scale capacity in the order
of milligrams. The main plat­
form is used for weighing
from 1/10 of scale capacity to
full scale capacity with the
same percentage of accuracy
as achieved on the smaller
platfonn.
Wide range of chart and beam
combinations available to suit
your particUlar laboratory
requirements.

CORP

Shulmln-"The Modelins of Blomolecull'
Slruelu,es" $3.50 Pp. "'om Eollns.

2243 Massachusetts Ave.,
Cambridge, Mass. 02140
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Extreme-Sensitivity

AUTOMATIC ANALYSIS
SCALE

Model B-210

Now Available:

Ask for details from:

PENNSYLVANIA

Write today for Free Catalog on the full line
of Pennsylvania Precision Scales.

*Here's the preClswn laboratory scale
with the speed and accuracy you need

MODEL B-210 is an extended
range, double platfonn, auto­
matic indicating precision
scale providing extreme sen­
sitivity, speed and accuracy

THE

AIR HEATER BLOWER

FLAMELESS BLOW TORCH

For applications requiring quick concen­
trated heat blast up to 1000°F., without flame.
Soften, form, mold and patch plastics, etc.
Temperature varied by air intake adjustment.
110-230 V. AC-DC motor 3 wire plug. AI1110 V.
models equipped with adapter for 2-prong
receptacle. 8 ft. heavy duty cord. I ntermit­
tent duty. Other models available with lower
temp. ranges. Most of the big names in indus­
try use MASTER HEAT GUNS in laboratories
or in production.

Model HG 501-500°F. 115V-f41.25 (Others $37.25to $62.75)

FOR FAST HEAT

up to 1,0000 F.

~ APPLIANCE CORP., RACINE, WISCONSIN

Acomplete Spectrographic Curve indicating the absorp­
tion characteristics for that lot is attached to every
bottle shipped. Write or call for literature and prices.

manufactured by America's largest independent laboratory

United States Testing Company, Inc.
1415 Park Avenue· Hoboken, N. J. 07030 • (201) SW 2-2400

For quick electrically heated air up
to 750 0 F". For accelerating drying
processes or for localized heating_
B.T.U.3400. Air velocity 2000 FPM.
110-230 V. AC only. 3 wire plug.
all 110 V. models equipped with
adapter for 2-prong receptacle.
S ft. heavy duty cord. Continuous
duty 2" dia. x 3" long discharge
nozzle.
Model AH 501-500'F. 115V-$55.35

(Others $52.25 to $83.25)
Write today to Dept. 13-8
Send for information on hair dryers. hand and foot massagers, vibrators,
grass trimmers, hair clippers, food blenders, and air purifiers.
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Accessories for temperature, pressure, extrusion testing units, etc. are available for all models.

LOOMIS ENGINEERING & MFG. CO.
22 RT 46 CApItol 6-8660 CALDWELL, NEW JERSEY

NEW PRODUCTS

* For better results use loomis
1 !4" precision x-ray pellet die

Shown-20 Ton Lab Press with New

Compact Power Unit and accurate

handwheel adjustment. Also 30

and 50 ton models, Heating

platens optional.

•
Pellets for X-Ray *

and Other Analysis

•
Plastic, Ceramic

and Metal Forming

•
General Lab Use

WRITE FOR BULLETIN-DEPT. A

tMIm~
IDEAL PRESS

for
FORMING

KBr PELLETS

For speedier searching,

THE INDEX TO ANALYTICAL CHEMISTRY'S
YEARS OF GREATEST GROWTH

Now you can open the door to the recent literature on analytical chemistry in
one operation. saving hours of searching. Analytical Chemistry's new Fifteen­
Year Index unfolds t'1e panorama of analytical work for the important years 1944
through 1958. The growing role of the analytical chemist is shown in the fact
that this index covers two and one half times the number of pages on original
research as the preceding 15-year index.

There have been major changes in scope. Physical methods using complex
instruments have forged ahead. This period. which also marks the rise of the
new atomic era, ha:; ushered in the use of radioactivation analysis. It has wit­
nessed the arrival of such important analytical tools as gas chromatography,
polarography, and magnetic resonance spectrometry. New techniques have
come forth to meet the need for trace analysis in parts per million or per billion.

These are just some of the reasons why no analytical chemist-nor those who
supply him with in'formation-ean afford to miss this compact guide to research
progress. It covers the years most vital to analytical work today. It will save
time, save effort. save costs-and furnish new ideas for forward planning.

Analytical Chemistry Fifteen-Year Collective Index, Volumes 16-30
174 pages paper bound $9.00

Note: This inde>: :an be purchased together with the first 15-year collective index
(1929-1943), giving the whole sweep of 30 years of analytical work. Bound to­
gether, the two indexes are priced at $11.50.

Order from.'

Special/Issues Sales/American Chemical Society
1155 Sixteenth Street, N.W./Washington 6, D.C.

A new line of instruments features the
SPEEDServo whose response speed is
Va second full scale. Also included
is the GRAPH Line, Series "S", which
includes rectilinear single-channel and
rectilinear two-channel permanent­
magnet moving-coil recorders, plus
inkless and ink-type event recorders.
All instruments are available in either
portable or flush models. The porta­
ble model shown at top has a large,
sloped writing surface and the flush
model case shown has an 8" X 8"
front. Both models accommodate a
full-size six·inch chart driven from
both sides. Esterline Angus Instru­
ment Co., P. O. Box 596, Indianapolis
6, Ind. 408

Thermoeleefric Immersion
Cooler

This thermal pump is 12 inches long,
23/ 4 inches wide, and 11/ 8 inches thick.
I t can be used to cool a beaker of
chemicals, or, when used with a thermo­
regulator, it can hold a constant tem­
perature bath below the laboratory
ambient temperature. A 25-amp. d.c.
power supply is available for energiz­
ing the cooler. A 12-page booklet de­
scribes the operation of this equipment.
Whirlpool Corp., Benton Harbor, Mich.

409
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NEW PRODUCTS

Durable Glass Pipets

New serological pipets that offer max­
imum tip protection and surface dura­
bility are available at no increase in
cost. The pipet, SAFE-GARD, is
made of specially formulated borosili­
cate glass. This glass, N-51A, also
minimizes clouding and fogging and re­
sists abrasion and scratching. These
pipets are available in nine styles and
53 sizes. Owens-Illinois Glass Co., To­
ledo 1, Ohio. 410

The Scientifica electron spin reso­
nance kit is designed for comparison
with an X band spectrometer. The
apparatus will provide a useful instru­
ment for research workers or serve as
an introduction to electron spin reso­
nance for science students. The in­
struction manual describes how funda­
mental constants such as the g value,
gyromagnetic ratio, elm, can be meas·
ured to a high degree of accuracy.
Use of the apparatus will also demon­
strate the significance of magnetic
field homogeneity, marginal oscilla­
tion, frequency, and magnetic field de­
pendence of the signal, relaxation
processes, etc. Scientifica, 148 St.
Dunstan's Ave., Acton, London W.3,
England. 411

Syringe Pumps

Motor driven syringe pumps for the
laboratory offer a variety of discrete
flow rates, ranging from 0.11 cc. per
day to 29.5 cc. per minute. One model
handles syringes up to 10 cc. in ca­
pacity and another model holds up
to 100 cc.-capacity syringes. Continu­
ously variable speed models include a
separate control and cover a range of
40 to 1 in the smaller size, and 48 to 1
in the larger. Sage Instruments, Inc.,
2 Spring St., White Plains, N. Y.

412



NEW PRODUCTS

Circle No. 38 Dn Readers' Service Card

The diffusion oven Model OD-370
offers gentle swirling mixing at con·
trolled temperatures for Conway
dishes, Erlenmeyer flasks, and
beakers. Alcohol and ammonia mi·
crodiffusion procedures as well as
urea, amines, and chlorides by Con·
way methods can be performed. The
oven may also be used for measure·
ment of oxidation rates, tissue culture
growths, Mohr chloride and acetone
determinations. Scientific Industries,
Inc., 220-05 97 Ave., Queens Village,
N. Y. 11429. 415

Water Analysis Equipment

Three types of water analysis labs
contain all the material needed for test­
ing water quality. The basic furniture
consists of a 5-foot wide sink and a 4­
foot wide, 3-drawer cabinet. In addi­
tion, each kit contains an analytical
balance, filter pump, glassware washer,
4-place vacuum manifold, magnetic
mixer, bottles, burets, cylinders, flasks,
funnels, thermometer, and supports
plus the necessary accessories and rea­
gents to meet the buyer's special needs.

Lab A for well-water supplies in­
cludes material necessary for coliform
bacteria and 4 standard chlorine tests.

Lab B for surface-water supplies con­
tains the material necessary for coliform
bacteria, chlorine, alkalinity, CO~. fluo­
rides, pH, surfactants, and turbidity
tests.

Lab C for water-softening plants
contains material necessary for all the
tests of Lab B plus hardness, phos­
phates, saturation, and stability, :md
sulfates. Fisher Scientific Co., :100
Fisher Bldg., Pittsburgh 19, Pa. 416

Our
pet reminder

that
Lowest Fi naJ Cost

counts most.

Differential Thermal Analysis
and Thermal Gravimetric
Attachment

The differential thermal analysis ap­
paratus offers automatic control. Re­
sults are recorded on graph paper in
the X-Y recorder. The furnace operates
to 1800° C., and can be equipped for
operation in a vacuum, under pressure,
and in atmospheres with compatible
gases. The thermal gravimetric attach­
ment operates on the null point system,
using a transducer sensitive to 0.00025
mm. at the balance. Variations in the
instruments can be made to meet spe­
cific test conditions. Harrop Precision
Furnace Co., 3470 East Fifth Ave.,
Columbus, Ohio. 414

with inlet and outlet connections to a
refrigerant circulating system is also
provided. Below room temperature,
the control heater operates to offset
the coolant's effect. This equipment
is manufactured by P. M. Tamson of
the Netherlands for Fisher Scientific
Co., 300 Fisher Bldg., Pittsburgh 19,
Pa. 413

guarantee Lowest Final Cost
... without obsolescence

o Standardized metering tubfls and floats permit com­
plete flow range coverage with a minimum number
of elements.

@ BROOKS EXCLUSIVE ... interchangeable "build ing
block" accessories permit av<iriety of functions-pneu­
matic or electrical transmitting, alarm. and integrating.

E) Detachable flow scales permit easy conversion for
changes in metering requirements.

(;) Safety-glass shielded, Yo. thick, wide-view windows­
offer maximum protection te, operating personnel.

o f:ugged, dowel-pin, side-plate construction-simplifies
assembly-eliminates torque and stresses on glass
rr.etering tube.

G) Positive seal, packing.gland assembly with standard
Teflon packings-holds :ven the most hard-to-han­
<'Ie fluids.

Q Designed for corrosive ser'lice-wide choice of materials
of construction-from glas:;·lined to titanium.

o Ten different piping connection arrangements.

(7) Range of max. flows-O.~, cc/min to 200 GPM water
equivalent.

Write for Bulletin 1110.

~ design reasons why

BROOKS FUll-VIEW'~' ROTAMETERS

The Model TV-40 viscometer bath
offers close temperature control over
the range 00 to 2300 C. With water
as bath medium, maximum tempera·
ture variation in the entire bath is
only ±0.005° C. With oils as media,
maximum variation is only ±0.01 (> C.
Two immersion heaters are used: a
quartz control heater and a stainless·
steel·jacketed booster heater. Once
the contact thermometer of the bath's
thermoregulator has been set to give
the desired temperature, no other ad·
justment is required. A cooling coil
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NEW PRODUCTS

A rack mounted model of the V.O.M.-5
strip chart recorder is now available.
Design of a special mounting panel
with slotted edges permits the re­
corder to fit into the standard 19"
rack. As a result, the V.O.M.-5 can
be used as an integrated component
of a larger instrument panel. Opera­
tion of the new model is identical with
the standard B&L recorder, except
that input signal terminals are pro­
vided for both front and rear connec­
tion. The rear area of the instrument
h3S a protective cover. Bausch &
Lomb Inc., Rochester 2, N. Y. 417

Economical Gas Chromatograph

The Chromagas C. G. 1 has a flame
ionization detector, temperature pro­
gramming, and independent detection
and oven heating. It weighs only 18
kg. Both preparative and analytical
columns are available. Temperature is
variable from 50 0 to 320 0 C. Labora­
toire E. B. Profit, 54, rlle des Alouettes,
Paries 19", France. 418

The Junior gas chromatograph can be
used to analyze gas and liquids with
boiling points up to 80 0 C. The
thermistor katharometer is powered
by a dry battery. Peaks may be
plotted by using a galvanometer, or
by using a 6-inch strip chart re­
corder. The detection limit of the
katharometer is about 10- 7 gram.
This gas chromatograph was de­
signed for teaching purposes but it
can also serve some industrial needs.
A. Gallenkamp & Co., Ltd., Technico
House, Ch ristopher St., London, E. C.
2, England. 419

Circle No. 45 on Readers' Service Card~

STILL ON THE JOB even after the chemist has gone
home. The new Fisher Titralyzer* will run up to 16 titrations and
print out the results for him to pick up in the morning. The tape
shows titrant volumes to the nearest 0.01 ml - higher precision
than he can get manually with any but micro equipment. Any kind
of repetitive potentiometric titration is handled with ease. Price:
$2,750. Available under Fisher Financing Plan. More details on
Titralyzer in Bulletin FS-245. Write Fisher Scientific Company,
100 Fisher Building, Pittsburgh 19, Pennsylvania.
* Fisher Scientific Company Trademark J-330

o FISHER SCIENTIFIC
World's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals

Atlanta • Boston • Chicago • Fort Worth • Houston • New York • Philadelphia
Pittsburgh' St. Louis' Union. N. J .• Washington' Edmonton' Montreal' Toronto



VERSATILE
DESICCANT

for drying SOLIDS - LIQUIDS - GASES

DRIIERITE, "The Versatile Desiccant,"
is a low-cost all-purpose anhydrous calcium sulfate drying
agent available in six sizes ranging f!'Om 20-40 to 4 mesh.
In drying liquids, DRIERITE instantly absorbs 6.6% of its
weight. When drying gases, DRIERITE absorbs 10 to 14%
of its weight (depending upon temperature and pressure).
Available in two forms-Regular or Indicating-DRIERITE
comes in lIb. and 5 lb. lots in glass bottles or in 25 lb. lots in
friction covered cans and may be ordered directly from your
Laboratory Supply Dealer.

REGULAR DRIERITE is neutral in reaction, chemically
stable, constant in volume, inert except toward water,
insoluble in organic liquids and refrigerants, non-disintegrat­
ing, non-wetting, non-poisonous, non-corrosive, repeatedly
regenerative, and non-channeling.

INDICATING DRIERITE has all of the properties of regu­
lar DRIERITE, but is impregnated with C.P. cobalt cWoride
and, hence, makes a clearly visable change from blue when
dry to pink when exhausted.

Write to us for our lOO-page book.

w. A. HAMMOND
DRIERITE CO.

138 Dayton Avenue
Xenia. Ohio

Circle No. 49 on Readers' Service Card

BASIC ELECTRICAL MEASURING
and CALIBRATU!_G._INSTRUMENTS

Write today for

BUlletin AC 60-63

Circle No. 33 on Readers' Service Card

126 A • ANALYTICAL CrlEMISTRY

IT DOIS YOUR

rnornrnoU!Jrn
mRYOU

This one book digs up the
facts you need - fast! No
plowing through file­
cabinets of manufactur·
ers' literature-it's all

here, pre·filed, indexed 5 ways, in CHEMICAL
MATERIALS CATALOG. More than 500 close·
packed pages contain all the data you need on
chemicals and raw materials.

Keep CMC close by - where you can pounce on
it in a hurry. It answers your questions almost as
soon as you ask. It often leads you to problem­
solutions. It aids your thinking.

Designed and published exclusively by process
men for process men. Use it! It does your
digging for you.

~~~
REINHOLD

. .' . . . I PUBLISH ING
CORPORATION

<t
430 PARK AVENUE. NEW YORK 22, N. Y.

Circle NO. 11 on Readers' Service Card

DIRECT
READING •
Carbon Aqalyzer

•

Now no more graphs to prepare
- no calculations! This LECO
equipment gives accurate results
in all carbon ranges in 50 to 80
seconds. You read actual per­
centage of carbon right on the
digital meter. Simple, one-button,
automatic operation. Weight com-

e pensator for varying sample
weights.

. ,
- ~ Write for detailed literature

LABORATORY EQUIPMENT CORP.
3072 Hilltop Road St. Joseph, Mich.

Circle No. 57 on Readers' Service Card



Records Signals of 2.5
Millivolts Full Scale Accurately!

... a self-balancing, complete 5-inch strip-chart recorder
· .. brings you complete versatility ... without costly extras ... at one low
price. Its higher sensitivity extends its usefulness in a great number of ap­
plications ... with the B&L Opacimeter-determine and record opacity of
paper ... with the B&L Data Acquisition System-it extends the range of
the Spectronic-20 to 340m[j ... many transducers can be ONLY

used directly with the V. O. M.-6, no further amplification $700
is normally required in gas chromatography applications.

• Off balance input impedance- • Compact,only4%"xI41h"xll%"
over 10 megohms • Portable, only 18 lbs.

For further information, write for Brochure
D-2054. Bausch & Lomb Incorporated, SC & LOMB"
60948 Bausch St., Rochester, N. Y. 14602 BAU H V
In Canada, write Bausch &lomb Optical Co., ltd., Dept. 609 Scientific Instrument Division, 16 Grosvenor St., Toronto 5, Canada

Circle No. 10 on Rea_era' Service Card
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COMPLETE
(Suggested Retail)

• Five chart speeds, 400-to-l range

• Event marker, with solenoid op­
erated marking pens

• Function switch with mechanical
pen letdown

• Operates in flat, 30° tilt, or wall­
mounted position

COMPARE THESE EXCLUSIVE ADVANTAGES:

• Six voltage ranges, 2.5 millivolts
to 125 volts

• Six linear ohms scales, 0.25 ohms­
to-25,000 ohms full scale, with
zener diode D. C. supply

• 5 D. C. current ranges, 2.5 micro­
amperes to 25 milliamperes

Electron Microscope
Image Intensifier

Developed by Hitachi in Japan, a
new image intensifier amplifies the im­
age brightness of an electron micro­
scope by WOO times. The attachment
provides more sensitive detection of
electrons and electronic amplification
of the image, which is presented on a
standard television receiver. The sys­
tem consists of the electron microscope,
special pick-up system, electronic con­
trol system, and television picture mon­
itor. The pick-up is mounted under the
normal viewing screen of the electron
microscope in vacuum. This unit in­
cludes an image converter and scanning
device. The system works on the prin­
ciple of electron bombardment induced
conductivity. It is the relationship
between the conduction current gain VB.

the current density of the electron
beams that permits the image intensi­
fier to turn a faint image into a bright
one. Perkin-Elmer Corp., Main Ave.,
Norwalk, Conn. 420

NEW PRODUCTS

Gas chromatographs are available,
custom designed to meet individual
requirements. By providing ather·
mal conductivity microcell, preampli­
fier, and sensitive recorder, the in­
strument can analyze impurities in
gases in the p.p.m.-range. The pre­
amplifier is continuously variable from
1 to 100,000. The unit can include
flame detectors, pyrolyzers, and other
accessory equipment. John P.
Mickel Assoc., Inc., 158 S. Rochester
Rd., Clawson, Mich. 421



For further information on the above, ask for descriptive bulletins and price lists.

Porous Filter Crucibles

Microporous porcelain filter CruCI­

bles are available in four controlled­
porosity designations and four cubical
sizes. Applications range from proce­
dures where large particle sizes are en­
countered and rapid filtration is ad­
vantageous, to the filtration of crystal­
line precipitates and fine grain mate­
rials. They are particularly useful in
quantitative analyses. Information
concerning manufacturing techniques,
testing procedures, properties, and care
and cleaning of these crucibles is avail­
able. Selas Corp. of Amercia, Dresher,
Pa, 422

The Model 521 infrared spectropho­
tometer uses a single high-resolution
filter-grating interchange to give an
unusually broad infrared spectrum.
The spectrum from 4000 to 250
cm.-1, 2.5 to 40 microns, is presented
on one continuous chart record.
With linear wavenumber presentation,
the spectral record is uninterrupted
even at points where automatic grat­
ing and filter switchovers occur.
Other automatic features include gain
control, speed suppression, and slit
programming. A wide range of stand­
ard accessories extends the useful­
ness of this equipment. The inter­
change unit is compatible, with minor
modification, with earlier company
Models 421 and 221 spectrophotom­
eters, and is available separately.
Perkin-Elmer Corp., Norwalk, Conn.

423

NEW PRODUCTS

THE ONLY COMPLETE LINE
IN CRYOGENIC EQUIPMENT

LIQUID NITROGEN/OXYGEN
CONTAINERS 5 to 200

LITER CAPACITY
High Efficiency, designed
for Storage and Transporta­
tion of Nitrogen, Oxygen,
Argon and air.

LIQUID HELIUM/HYDROGEN
CONTAINERS FOUR WALL

HIGH
Efficiency designed for stor­
age and transportation of
Liquid Helium, Hydrogen,
and Neon. Available from
10 to 100 Liter capacities.

STAINLESS STEEL
DEWAR FLASKS

Especially designed for Dip­
ping, Pouring and Utilization
in Laboratories. Available in
various depths and dimen··
sions.

Hofman Laboratories, Inc. 225 Parkhurst Street Newark, N.J.
West Coast Facility

Paul Chemical Co. 15750 Caballero Blvd. Buena Park/Calif.
Circl'e No. 136 on Readers' Service Card

THIS VERSATILE
P-K LABORATORY
BLENDER
PRE-BLENDS,
DISPERSES UQUlDS, GRANULATES •.. IN JUST MINUTES

blends, uniformly, liquids of any viscos­
ity with dry solids. (Blends from Ih %
liquids by weight to whatever percent­
age solids can absorb and still remain
a solid.) Liquid is introduced into hol­
low shaft of revolving bar by gravity
or pump. Then, flung outward from dis­
persion discs into the tumbling mass of
dry materials.

P-K Liquid Solids Laboratory Blend­
ers are available in 8- and 16-qt. capaci­
ties, in transparent lucite or stainless
steel. For complete technical informa­
tion and prices, write to P-K's Chemical
and Process Equipment Division, 1011
Hanson St., East Stroudsburg, Penna.

If you have any liquid-solids or solid­
solid blending requirements, consider
the P-K Liquid-Solids Blender. It's a
fast, efficient and extremely versatile
laboratory tool. With it, you'll find most
blending operations can be accom­
plished in 1 to 5 m.inutes, achieving a
uniformity not attainable with other
types of mixing equipment.
3 Different Blending Actions
Gentle Precision Blending. Unique
"Twin-Shell" tumbling action will not
cause attrition of even the most delicate
crystals.
Intensive Mixing of Hard-to-Blend Dry
Solids. Exclusive "rabbit ear" dispersion
blades on rapidly revolving bar break
up agglomerates.
Liquid Solids Bllmding. Disperses and P.tterson Kelley

Beam Attenuator

The AT-02 attenuator can be used
with most double beam spectrophotom­
eters. It has two intermeshing combs
which can be gradually introduced into
the radiation path. The combs are in­
side a stainless steel assembly which
fits directly into the instrument cell
guide. Setting of the combs, controlled
by a knurled wheel, can be fixed with a
locking device at any attenuation level.
For simultaneous solvent compensation
and attenuation, a cell slide is providf:d
to hold a matched or variable paGh
length cell. Limit Research Corp., P.
O. Box 852, Darien, Conn. 424

Circle No. 78 on Readers' Service Card
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THE ENHANCETRCN & NCISE ... aperfeclcombination

People seldom love noise. Especially not the
scientist or the engineer who is engaged in meas-

urement problems involving non-filterable noise.
The Enhancetron, however, loves noise.

The Enhaf'cetron 1024 is a digital memory
oscilloscope which drastically reduces fil­
terable or non-filterable noise in measure­
ments of repeatable or naturally recurrent
signals. It is the easiest to use, the fastest
and the most efficient instrument of its kind
... and it is Nuclear Data engineered.

As a major new tool. it has immediate and
fascinating applications in: SPECTRO­
SCOPY (optical, infra-red, NMR, EPR &
mass); ASTRONOMY (optical, radio &
radar); BIO-MEDICINE (neurophysiology);
ENGINEERING (vibration analysis);
OCEANOGRAPHY (echo analysis); GEO­
PHYSICS (seismic exploration); PHYSICS
(Mossbauer resonance) and many other
fields.

Some of its specific features: I. Measure·

ment Resolution: 1024 points /2. Display
Presentation: Non-rising baseline reduces
overflow problems and data ambiguities
/ 3. Dual Input: True simultaneous meas­
urements of two separate inputs, non·time
sharing / 4. Dwell time per point ranging
from 31.25 microseconds to 2.048 seconds
/ 5. Data Collection Efficiency: Voltage
averaging is continuous, thus avoiding loss
of information during memory cycles / 6.
Triangular or sawtooth sweep control for
spectroscopy and scanning applications
/ 7. Variable Pen Recorder Output: Pen
recorder output speed is adjustable: 16, 8,
4, 2, and 1 points per second / 8. Add­
Subtract: Incoming data may be added to
or subtracted from the memory contents,
switch selected / 9. Latency Histograms:
Histograms of the latencies of evoked re­

Circle No. 179 DR Readers' Service Card

sponses may be recorded automatically
/ 10. Price $7,700 FOB Madison, Wisconsin
(plus 10% foreign) /11. Delivery: 30 days
after receipt of order.

Further information, or a demonstration, is
available by writing or phoning Nuclear
Data.

--------

3833 WEST BELTLINE HY.
MADISON, WISCONSIN 53701



NEW PRODUCTS

6. NAMES ""'0 ADDRESSES Of PUBUSHER, EDITOR, AND MANAGING EDITOR

PUllISHER ([\·..m, ll"iI ad'/rtll)

None

X-Ray Analysis Equipment

A new x-ray diffraction and emission
equipment system is available which
is less than one fourth the size of con­
ventional equipment. A mobile, tilt­
table cart is supplied with the SPG 5.
While the equipment is designed for
use with the company's XRD-5 and
XRD-6 spectrochemical analysis sys­
tems, it is compatible with most x-ray
and neutron systems commercially
available.

The main chassis of the unit houses
up to five separate modular components
in two decks. These include a high­
voltage power supply, a combination
single-channel pulse height selector and
linear amplifier, and a ratemeter on the
lower deck; plus a scaler-timer and,
if required, a second high voltage sup­
ply on the top deck. The assembly
weighs 60 pounds and measures 141/ 2
inches wide by 183/ 4 inches high by
213/4 inche.s deep. General Electric
Co., X-Ray Dept., 4855 West Electric
Ave., Milwaukee 1, Wis. 427

The SP. 200 infrared spectropho­
tometer has a variable slit program, or
program energy control. This main­
tains the pattern of the slit program,
while permitting general increases in
the energy level. The instrument also
featu res a la rge flat bed recorder, a
Golay detector, and unitized plug-in
electronic chassis. A full range of
accessories is available. Unicam In­
struments, Ltd., Cambridge, England.

428

High Vacuum Manometer

An all-glass inclined type manometer
provides continuous, direct indication
of absolute pressure from 50 to 1000
microns Hg. The instrument has a
lO-inch scale with lO-micron gradua­
tions, about 1/8 inch apart, and is ac­
curate to within 2%. The manometer
operates on the principal of head dif­
ference in liquid level. The manometer
is eyacuated to 10 microns or less and
then attached to the inlet connection,
and a three-way valve turned to apply
inlet pressure. Fluid level in the ma­
nometer well rises because inlet pres­
. ure is greater than reference pressure.
Since the reference pressure is near
zero, inlet absolute pressure is measured
directly. Schutte and Koerting Co.,
Cornwells Heights, Bucks Co., Pa.

426
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Low Cost Integrator

Input voltage signals from recorder
slidewire or other transducer control
the frequeney of an oscillator, the out­
put of which is amplified and accumu­
lated on a sIx-digit panel register. The
input range is 0-5 volts. Two fixed
count rates, 0 to 1000 and 0 t·) 10,000
c.p.m. are selected by a switch. Any
intermediate rate ean be established by
an external timing condenser. Linear­
ity is better than 1/2% and ·:he limit
of error including drift and speed of
response to step inputs is wi':hin 1%.
A high power pulse output is. available
for driving external printers, counters,
or pens. The instrument mea~mres 6 X
8 X 8 inehes and requires U5 volts,
a.c. Yeiser Laboratory, 881 W. 18th
St., Costa Mesa, Calif. 425
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Crystal Orienter

Crystal orientation studies may now
be carried out by using high-speed fluo­
roscopy instead of "trial and error" ra­
diography. The crystal orienter in­
cludes a fluoroscopic image-intensifying
tube with a nine-inch-diameter window
of beryllium. Beryllium transmits the
soft x-rays necessary for producing the
Laue pattern. Remote controls permit
the worker to rotate and otherwise
manipulate the crystal so that the de­
sired Laue pattern can be "dialed in."
Changing spot pa.tterns are viewed con­
tinuously on the image intensifier as the
crystal is manipulated. Picker X-Ray
Corp., 1275 Mamaroneck Ave., White
Plains, N. Y. 429

30 238 31 411
O. TOTAl NO. Of COI'IES OI'STII:IUTtO, (5u", "fluw 81. 81.611.1 CJ
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9. Pua.;:raphs , arId H include, in CUt·S where th~ stockholder or security holder appears upon the books of the company as
trustee (,r in any other fiduciar)' relatIon. rhe name of th~ person or corporation for whom such tru$lee is acting, also (h~ $late­
ments in the t"'·o ?ar.r.graphs show th,: affiant's full knowledge and belief as [0 the circum$lances and conditions under ""hich
stod:h>lders .nd ~ecurity holders who do not appear upon the books of the company as tru$lees. hold s(ock and securities in
a car~l:'t~' other than that of • bon;/, f.de owner. l"ames and addresus of indi"iduals who are $lockholders of a corporation
which iudf is a stlXkholder or holder of bonds. mongages or other s«urities of the publishing corporation have bef:n included
in p.lugraphs 7 and 8 wh~n the interests of such individuals are equivalent to 1 percent or more of th~ tOtal amount of the
stock ';If securities of the publishing c'>tporation.
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532 SOUTH ROSE STREET

ANAHEIM, CALIFORNIA

PHONE 714 - 533-4600

*PATENT PENDING

Available for columns from Va" to 3/4 "

0.0.

1. Laminar flow design.

2. All metal parts of hard aluminum­
anodized for corrosion resistance.

Reservoir capacities-75, ISO, 300, 450
and 600 ml are now stocked.

3. THE EXCLUSIVE FRANGIBLE DIA­
PHRAGM CONCEPT-insuring against
premature reservoir discharge inherent
in such devices.

COLUMN-PAC FEATURES

Colurl)ns are packed in less than

a minute utilizing the pneumatic

displacement principle-

For further information write or phone

Circle No. 151 on Readers' Service Card

For complete data, Write

NEW!
COLUMN-PAC *

CARLE Model 100 Detector System

IN 5 T RUM E N T 5, INC.

CARLE

Micro-Thermal Conductivity Detector

for small diameter columns

ANNOUNCING A BREAKTHROUGH IN GLe
COLUMN PACKING TECHNOLOGY

• Easily installed in any chromatograph

• Dimbat Porter-Stross sensitivity in excess of 15,000

• 58 micro-liters volume and full flow geometry

• Com plete control of bridge variables.

Complete with
oHachments

F.O.B. Las Vegas

$90

viscous or fluid. Variable, reversi­

ble motor has direct and gear
drive. Armature shaft speed,

0-5000 rpm. Gear shaft 18: 1 ratio.

Chuck, shafts, 3-step pulley

included.

RUGGED!

. TOPS!

I?/f&.

delivers the bonus values you
have come to expect from West­
ern States. Automatic, reverse
rotation, slow speed plowing ...
for instance!

CENTRIFUG

c2rMfmdj-f get the
whole story! Write for our
fREE Bulletin No. 3139.

BUT THE G·g

~
WESTERN STATES

vff~{kptYlj/'
1702 FAIRGROVE AVENUE HAMILTON, OHIO

Circle No. 110 on Readers' Service Card

• Thyratron tubes on the Heller

GT-21 controller supply demanded

current by converting power in

stepless variation to the direct

curre~t motor. Assures constant

torque as mixes become either

Order from your Laboratory Supply Dealer or write-

GERALD K. HELLER CO.
2673 South Western Street • Las VeilS, NeYlda • P. O. Box 4426

Circle No. 51 on Readers' Senice Card

ILLINOIS INSTRUMENT GROUP
NCORPDRATEO

874 Third Avenue· Des Plaines, Illinois, USA· 60016
Telephone - 312 . 299-2102

Circle No. 178 on Readers' Service Card
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( NEW

BUFFARTM
SOLUTIONS

FROM

MALLINCKRODT ...

pH ACCURACY

:~ow you can eS':ablish the accuracy of your pH meter or other potentiometric apparatus with three
new products ... BUFFAR solutions made by lVIallinckrodt. Standardized against National Bureau
of Standards re:~erence samples, BUFFAR solutions are accurate within ±0.01 pH units (at 25° C) of
the values appearing on the labels. A handy conversion table right on the label allows you to inter­
polate for other temperatures. BUFFAR pH 7.00 is also available as a concentrated solution-for
additional economy. A companion product-Potassium Chloride Saturated Solution AR®-is
available for replenishment of calomel reference electrodes.

MALLINCKRODT CHEMICALS (uf&fllllr.tl'Otlt,) Mallinckrodt Chemical Works, St. Louis, Missouri

These new products are another step forward in lVIallinckrodt's continuing efforts to develop new
and better tools for the analytical chemist. For the latest innovations and a complete line of nearly
600 AR and laboratory chemicals, contact your nearby lVIallinckrodt distributor.

Circle No, 62 on Readers' Service Card
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100 SKIFF STRE.ET • HAMDEN 14. CONNECTICUT

Circle No. 19 on Readers' Service Card

costs•

pumps
save

•

Available from your dealer

CfaY;1dams
New York 10. N. Y.

c-ADAMS ANALYTICAL: For micro and semi-
micro separations accommodates six
tubes (5 or 3 m!.) also adaptable for
2 and 0.5 m!. tubes . . . angle-head effi­
ciency . . . compact, portable, requires
minimum table space . . . provides fixed
3,400 RPM speed.

d-ADAMS MICRO-CHEMISTRY: For micro-an­
alytic separations of organic and inorganic
precipitates ... eight-place angle head ac­
commodates 1, 0.5, and 0.25 m!. glass or
plastic tubes ... provides high fixed speed
(13,500 RPM-IS,500 RCF) ... high RCF
assures separation of particles of similar
specific gravities ... complete, automatic
stop in 60 seconds.

space•

A DIViSiON OF LABORATORY FOR E!..ECTRONICS, INC.

EASTERN INDUSTRIES

astern Hiob-sized"
and stirrers

table model centrifuges to meet your analytical needs
From the most complete line of table model
centrifuges • • • four Clay·Adams models de·
signed for industrial and chemical laboratories
• •• all are shock-mounted precision instruments
engineered and manufactured to assure years
of superior performance.

a-ADAMS SAFEGUARD CENTRIFUGE-ANGLE AND
STANDARD HEADS: A multi-purpose, basic
instrument for labs with heavy work loads
· .. accommodates anyone of four standard
or four angle heads ... useful for all com­
mon separations and special analytic pro­
cedures ... holds tubes of 15 m!. or less and
up to 50 m!. ... dial rheostat control pro­
vides variable RPM and RCF range.

b-ADAMS SAFETY HEAD: For all commonly
performed precipitate separations . . .
adaptable for micro and semi-micro anal­
yses ... six-tube capacity (15 mI. or less)
· .. angle head provides fast, efficient cen­
trifugation . . . variable RPM and RCF
· .. compact, light and portable.

Stainless Steel Standards

New Desiccant

A new granulated drying agent, Sic­
apent, is a combination of phosphorus
pentoxide and a complex, activated
silicate. Because of its unusual drying
properties, this product is said to be
especially useful in cases where even
minute traces of moisture must be elim­
inated. Gallard-Schlesinger Chemical
Mfg. Corp., 1001 Franklin Ave., Gar­
den City, L. 1., N. Y. 501

Chromatography Materials
and Chemical Standards

Three new stainless steel standards
are available from the National Bureau
of Standards. NBS Standard Sample
No. 343 contains 0.074% nitrogen and
can be used to calibrate nitrogen-deter­
mination procedures. A 150-gram
sample is priced at $7.50. Samples No.
344 and 345 are precipitation-hardening
standards and can be used to control
the composition of these types of stain­
less steels. Each of these materials
costs $8.50 per l50-gram unit.

In addition, nine renewal standards
are available. No. 158a is a standard
copper alloy; No. 3a is standard white
iron in chip form, No. 83c, arsenious
oxide, and 84g, acid potassium phthal­
ate, are standards of purity. The five
remaining standards are No. 158a, sili­
con bronze; No. 371d, sulfur; No. 372e,
"tearic acid; No. 373e, benzothiazyl­
disulfide; No. 378a, oil furnace black;
and No. 386d, styrene-butadiene, type
1500.

Standard Materials available from
NBS are contained in "Standard Mate­
rials," Miscellaneous Publication 241,
which is available for 30 cents from the
Superintendent of Documents, Wash­
ington, D. C. 20402.

An experimental high temperature
material, Hydrocarb L, compares fa­
vorably with Apiezon L for use as a
stationary phase in gas chromatography
The material, useful up to 300 0 C.,
contains aliphatic hydrocarbons Coo
and beyond.

A new nonaqueous solvent, specially
prepared N,N-dimethyllauramide, is
available for potentiometric titration
of a wide range of acids, from phenols
to strong mineral acids. Directions for
use are available on rcqucst.

Circle No. 40 on Readers' Service Card
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MICRO AND MACRO

METRDHM

TITRATION AIDS

"nl
1

Low-cost oiston burettes E:liminate hand·
burettirog ;n all titrations-·f;~ster, more can·
venient, 1l1Ore E.ccurate. Unlimited capacity.

BRINKr\IlANN
CANTIAGUf:: RCJAD, WE~:3TBURY, NY 11590

IN S'TR U f\/] E NTS
Circle 140. 113 on Reade,,;' Service Card

000000000000000000000000000000000000000000o 0o 0

g APPLICATION MANUALS g
g WORTH WRITING FOR g
g Copies are avoilable at no charge. g
o ADM-l0 Microbiological Analysis of Water and Milk. 0g Contains detailed instructions for coliform tests, total counts, biological g
o examinations and other procedures based on the use ot the Millipore 0
o filter. The Millipore technique for water analysis is an A.P.H.A. Standard 0g Method. 24 pages g
o 0
g ADM-20 Sterilizing Filtration and Sterility Testing. g
o Describes techniques tor using Millipore tilters to sterilize pharmaceutical 0g and biological solutions. Includes new MF technique for sterility testing of g
o antibiotics in accordance with F.D.A. regulations. 30 pages 0
o 0
o 0g ADM-40 Techniques for Microbiological Analysis. g
o Includes procedures for using Millipore filters in the microbiological 0
o analysis of aerosols, clinical fluids, beer, soft drinks, fuels, hydraulic 0g fluids, cutting oils, surfaces and utensils. 30 pages g
o 0o OTHER TECHNICAL LITERATURE AVAILABLE 0o 0o TB-961 Millipore General Brochure. Describes all Milli- 0g pore filters, apparatus and accessories together with an outline of principal g
o applications. Complete specifications and prices are included. 40 pages 0
o 0g BIBLIOGRAPHY A reference listing of published informa· g
o tion concerning applications of Millipore filters. 24 pages 0
o 0o 0
o 0

§ Millinore® FILTER CORPORATION §
o ~ 0
o 0o 115 ASHBY ROAD, BEDFORD, MASS. 0
o 0o Millipore filters are cellulose plastic porous membranes made in twelve 0g different pore-size grades from 8 microns down to 10 millimicrons. All g
o particles larger than pore size are retained on the filter surface. 0
o 0
000000000000000000000000000000000000000000

Circle No. 67 on Readers' Service Card

PHARMACEUTICAL
CHEMISTRY.. ,Y11arner-Lambert

has f:he followil1lg openings In
analytical chemisf:ry.

THIS ONE WE THROW AWAY

Senior Analytical
Research Chemist

Ph[, .J( MS with ~,CdVY experH:nc:e In phdrm(lCeutlC(lli required to dI­
rect.~ d supervlSl d group p.?rformlng resedrch dnd method develop­
mc·H. Strong nstrumentdtlon f:.:!::kground dnd knowledge ofdosdge
fonTs ?SSentidl. f\lust hdve (h.~ dbillty to OrlSlndte dod conduct ex­
p.~rim'~rltdl prc·je:ts.

Assistant Spectroscopist THIS ONE WE DON'T ...

Please request our sixteen page bulletin showing our complete
line of plastic labware.

You'll never use the funnel in the top photograph! Labware
that fails to pass our rigid inspections will never reach the
shipping department. Final inspection of each item assures
you of the ultimate in plastic labware. When you specify
Pioneer you can be sure of quality design and proper selection
of material in labware planned for specific laboratory applica­
tions.

INC.

Dept, A, P.O. Box 8066
Jacksonville, Florida 32211

Circle No, 84 on Readers' Service Card

ALWAYS 2:--3r4~."
~
PIONEER PIONEER PLASTICS,

~

':S ,,,'ith 1-2 ,,.~drS of .~xperle-ce In iR ::lnd UV techniques required for
,;.nd[vticdl, pryslcdl cJ,emlstry '.(::C(IOI"\. Involves medsurement of JR
,lnCI UV spectrd :>f orgdnlC COIT pounds for structur.: proof dnd identlR­
:etiQn. Will be trdlned In ~'JrIiR.

SJl:urbdn 1:>Ce-tlon betwee'l '\,Jew York dnd Fhilddelphid. Pro!<::s­
s (me! dssocidtions dnd oubk:dtlon of work encourdsed. LibrdfY,
technicdl ir fOI m::!tlcn dnd 'lo;trdcting serVlcei complete benefit pro­
!Jlc.m Jncludlrl<; dn "Urdctl\,: ~dUCd~Jondl dssistdnce pldn. Relocdtion
~:<;::>enses ~dIO.

Send resum(; to Employment Department

WARNER-LAMBERT

I RES~~~~.~s, ~~w~!sle!UTE
~ l An [c/J '3/ Opportunity Employer

@-------Clm',r~i@.'==-
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NEW CHEMICALS

Lachat Chemicals offers a consulta­
tion service for method and solvent sys­
tem development for special problems
in thin layer chromatography. Cus­
tomers are requested to write up their
problems in detail and ask for a price
schedule estimate.

Supplement No.1 describes the new
materials and services available. La­
chat Chemicals, Inc., 10540 S. Western
Ave., Chicago 43, Ill. 502

Atomic Energy Commission
Withdraws Distribution of
Radioiodine

In line with its policy of discontinu­
ing production and distribution of ra­
dioactive materials when they become
commercially available, the AEC will
discontinue the distribution of iodine­
131 and iodine-125. Both materials are
available from several commercial com­
panies.

The AEC will continue to supply
its high specific activity iodine-131 to
meet special research needs. Addi­
tional information on the availability
of radioiodine may be obtained by
writing the Isotopes Sales Dept., Oak
Ridge National Laboratory, P. O. Box
X, Oak Ridge, Tenn.

Bausch & Lomb sells through leading reputable dealers to assure
you prompt, efficient sales assistance and service.

In Canada, write Bausch & Lomb Optical Co., Ltd., Dept. 810, Scientific Instrument Division. 16 Grosvenor St..Toronto 5, Canada
Circle No. 31 on Readers' Service Card
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BAUSCH & LOMB"

B&L COMPLETE DATA ACQUISITION SYSTEM .•• $1275*

Here is a rapid, precise method for producing a permanent, strip-chart
record of all spectrophotometer readings ... at the rate of 4 a minute! This
new Bausch & Lomb system offers the widest range of data acquisition and
recording ... at a price well below any comparable system.

The heart of our system is the new FLow-THRu CUVE'ITE ... a quick,
simple and convenient means for introducing and removing samples. The
SPECTRONIC-20 is the fastest, most accurate spectrophotometer you can buy
... in its price class. The V.O.M.-5 is a complete 5-inch strip-chart poten­
tiometric recorder.
It's SPEEDY . .. 4 samples/minute. Using a vacuum pump probe, a cuvette
fills in as little as 4 seconds and empties almost as quickly.
It's PRECISE . .. the rigidity of the Flow-Thru in the optical path repro­
duces readings to less than l!z% (depending on the operator's skill and the
nature of the solution) .
It's SUPERIOR . .. to meter readings, because it has "recorder-accuracy."
The strip-chart can be analyzed at leisure.
It's ECONOMICAL . .. in low original cost and virtual freedom from main­
tenance. No test tube changing is required (cuvette is easily cleaned and
brought to a contamination-free state).
It has SUPERB OVERALL QUALITY . .. because of excellent design,
superior workmanship and finest quality materials.
Use of the complete system is recommended for the best possible accuracy.
However, any component in the system may be ordered for use with your
present Spectronic 20.
Write Bausch & Lomb Incorporated, 81048 Bausch St., Rochester 2, N. Y,
for Catalog D-2051.

·Suggested List Price.
• Bausch & Lomb trademark

Uridine-5-T with a specific activity
of 13 curies per millimole is prepared
by the dehalogenation of 5-iodouridine
with tritium. It is purified by paper
chromatography in ethyl acetate sat­
urated with phosphate buffer at pH
6.0. Radiochemical purity is 100%
as checked by paper chromatography in
two different solvent systems-n·bu­
tonal saturated with water and isopro­
panol ammonia in water.

This material is supplied in distilled
water in rubber-capped bottles. Quan­
tities of 5 mc. cost 5105 and 25 mc.,
$420. Nuclear-Chicago Corp., 359 East
Howard Ave., Des Plaines, Ill. 504

Solid Sources with Krypton-S5

Krypton-S5 can be incorporated into
any form of solid providing solid
sources, called kryptonates. These ma­
terials are stable at room temperature
and can be stabilized for use at ele­
vated temperatures up to the melting
point of the host solid. 'With a 10.6­
year half-life, the tracer is an 0.7 m.e.v.
beta emitter. These solid sources lose
activity in proportion to any chemical
reaction or dissolution of the surface.
Parametrics, Inc., 221 Crescent St.,
Waltham 54, l\1ass. 503

Tritium Labeled Uridine



Microbiological

~--

An ever increasing number of universities, pharmaceutical and
industrial plants depend upon Amsco for quality microbiologi­
cal research and process equipment ... and for sound reason.

Amsco is geared to research, design and manufacture
virtual1y any technical equipment and systems ranging from
sterilizers to water stills ... to flexible film expansion
chambers for sterilization of interplanetary craft components
•.• to a full line of freeze drying apparatus.

For example, on special contract Amsco recently designed
and produced what is believed to be the world's largest
bulk sterilizing system ... a 30' long x 7' wide x 9' high giant,
utilizing pure ethylene oxide at 100% concentration as
the sterilant.

Let us share your confidential equipment and process
problems. We welccme the chal1enge, for the resolution of
microbiological problems has become our way of life.
Of course, Arnsco's varied line of standard equipment, as
illustrated, is a ready source for precision-made apparatus.

Please write for literature of interest to you. If you
have special needs, a letter to our Scientific and Industrial
Department may lead to their economical resolution.

Equipment
STERILIZERS

Pressure Steam, Ethylene Oxide and Combination Gas·Steam Systems.
Chambers 16" x 16" x 24" to 80" x 108" x 360" and larger. Se-318.

FREEZE DRY EQUIPMENT
Models for laboratory, pilot plant and production. Amoco Freeze
Dryers feature precision control throughout the cycle. IC-6I1.

WATER STILLS and Deionizers
Still capacities from 1 to 1SO gal./hr. Steam or Electric heat.
Automatic or Manual Controls. IC-601.
Deioniz.,s .•• From 2 to 300 gal./hr. MC-595.

CONTINUOUS CULTURE APPARATUS
HBiogen" Continuous Culture Apparatus produces microbial celt,
and/or their byproducts on a continuous or batch basis with predse
control of growth conditions. IC-605.

DRY BOXES
Flexible film chamber type. Economical, efficient and easy to use.
For laboratory and production use. IC-607.

GERM-FREE LIFE APPARATUS
Flexible Film Isolators for sterile delivery, rearing and transfer of
lerm-free animals. IC.6oo.

INDUSTRIAL

o VISI N

DYNAMICS
E R I E, PEN N S Y LV A N I A

I HERILlZER COMPA

CASEWORK
Complete casework needs. Planning, installing and maintenance. Base.
wall, storage cabinets. Counters, work tables, carts. MC-S03.

Designers and developers of systems and equipment for
Life S,;en,e and Indudrial Technology

..,..
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Laboratory Glassware. A 360-page
illustrated laboratory glassware cata­
log lists full technical information and
prices on all Pyrex brand, Vycor brand,
and Corning brand lab glassware. It
also sets out in tabular form the prop­
erties of 32 selected commercial glasses.
Corning Glass Works, Laboratory
Glassware Department, Corning, N. Y.

601

Hydrocarbons and Petro-Sulfur Com­
pounds. A 20-page booklet (No. 14)
lists new prices for hydrocarbons and
petro-sulfur compounds. Besides cat­
aloging 37 new products, the booklet
explains the new terms for Phillips
customers on returnable gas cylinders.
Phillips Petroleum Co., Bartlesville,
Okla. 602

Laboratory Equipment. A 12-page
bulletin discusses some of the new
laboratory equipment availabk. In­
cluded in the equipment described
are syringes, electrodes, freeze dryers,
mptallographs, balances, clamps, and
pH meters. Chicago Apparatus Co.,
1735 North Ashland Ave., Chicago, Ill.
60022. 603

Differential Pressure Gages. An 8­
page bulletin describes Dwyer Series
2000 Magnehelic Gages. These are di­
aphragm actuated gages for indicating
differential pressures in air or non­
corrosive gases in 30 standard ranges
from 0 to 0.5" water up to 0 to 5 p.s.i.
F. W. Dwyer Manufacturing Co., P. O.
Box 37:3, :\Iichigan City, Ind. 604

Radioactivity Counting Systems.
Two 16-page bulletins describe the
Widebeta and Lowbeta II radioactivity
C'ounting systems. The bulletins detail
C'omplete system descriptions, compar­
ison of counting systems, applications,
;:llld comprehensive specifications. The
concept of background, its origin, re­
duction, and reproducibility are treated
in a special section. Scientific and
Process Instruments Division, Beckman
Instruments, Inc., 2500 Harbor Blvd.,
Fullerton, Calif. 605

Radioactivity Monitoring. A 4-page
bulletin describes how the radioactivitv
of a sample material eluted from ~
liquid-partition chromatographic col·
umn can be continuously monitored and
charted during a routine analytical run
on the automa tic amino acid analyzer.
Beckman Instruments, Inc., Spinco Di­
vision, Palo Alto, Calif. 606

Fraction Collector. A 4-page bro­
chure discusses the Model 132 fraction

collector. The 250 test tubes of the
Model 132 remain stationary while the
delivery head indexes over them, filling
each row automatically in convenient
front-to-back order. Beckman Instru­
ments, Inc., Spinco Division, Palo Alto,
~lli. ~7

Thin Layer Radiochromatography.
:\. 4-page bulletin, No. 16, summarizes
the use of radioisotopes with thin layer
chromatography. It describes the char­
acteristics of the method and presents
detailed preparative and radioactivity
detection techniques. Also included are
details on the analytical applications of
the method and a reference bibliog­
raphy. Nuclear-Chicago Corp., 4505
West North Ave., Melrose Park, Ill.
00100. 608

Enzometer. A 2-page bulletin de­
scribes the Norcross Enzometer, a com­
pletely automatic system controlling
enzyme starch conversion to viscosity.
Norcross Corp., 247 Newtonville Ave.,
Newton, Mass. 0215.'1. 609

Liquid Scintillation Spectrometers.
An 8-page bulletin discusses the 3000
and 4000 Series Tri-Carb liquid scin­
tillation spectrometers. The bulletin is
illustrated with photographs of the
basic equipment, components, controls,
and printout units. A schematic dia­
gram of components and basic circuitry
is included. Packard Instrument Co.,
Box 428, LaGrange, Ill. 610

Mass Spectrum Digitizer. A 4-page
brochure describes the mass spectrum
digitizer, Model VR16-MSD, an instru­
ment for automatic digital readout and
recording of mass spectrometer data.
The brochure includes specifications
based on actual application, operating
principles, applications information,
and a discussion of accuracy. Adage,
Inc., 292 Main St., Cambridge 42, Mass.

611

High Vacuum Pumping System. A
4-page bulletin discusses the KPW-2
high vacuum pumping system. Among
the components described are: rough­
ing-backing valve, diffusion pump,
main valve, vacuum gage, dual-cool­
ant baffle, and mechanical pump. Kin­
ney Vacuum Division of the New York
Air Brake Co., 3529 Washington St.,
Boston 30, Mass. 612

Multichannel Analyzers. A 16-page
bulletin provides complete descriptions
ane! specifications on Packard Models

lHIN-LAYER
ELEClROPHORESIS

Two - dimensional separation of 5
amino acids on silica gel,first byelec­
trophoresis, then by chromatography:
I. Arginine 2. Glutamic acid 3. Valine
4. Histidine 5. Leucine

Thin·layer electrophoresis is a
new analytical technique which
combines with thin-layer chroma­
tography to give you separations
that you can't get by using both
techniques separately. Scientists
experimenting with TLE report in·
stances of unexpectedly high mo­
bilities as well as greater speed,
sharper resolution, increased
sensitivity, wider range of sample
size, better reproducibility, and
other advantages. D RSCo is the
only domestic company which
makes complete equipment for
TLE, and our dealers now have it
in stock. If you already use RSCo
electrophoresis or other flatbed
equipment, you can adapt it to
TLE with our assembly at a cost
of only $162.

Want more information? Write for our
free RSCo Review, Vol. 5, No.5.

200 So. Garrard Blvd., Richmond, Calif.
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ENGINEERING LABORATORIES, INC.

STOUGHTON 86, MASSACHUSETIS
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$13.75

Viscosity in
Centipoises

10
100

1,000
12,500
30,000
60,000

. 100,000

Now available! Acomplete range of viscosity
standards. These fluids are provided in con­
tainers of nominal one pint capacity. All
available standards are silicone fluids and
are permanently stable and Newtonian.
Packaged with each standard is a calibra­
tion report for viscosity at 25°C. Guaran­
teed accuracy is ± 1%. Select the one or
more that best suit your equipment or reo
quirements from the chart below.

When ordering please note that fluid L-1
is primarily intended for use with Brookfield
LV series Viscometers with Ultra Low Adapter
attachment; fluids l-2 and L-3 with the
Brookfield Standard LV series Viscometers,
fluids R-1 and R-2 with Brookfield RV series
Viscometers, and fluids H·1 and H-2 with
Brookfield HA and HB series Viscometers.

Fluids should be ordered by the letter­
number designation shown for each fluid.

Information and prices on other viscosity
blends available on request. Shipments
made within two weeks of receipt of order.

Standard
Fluid

L-1
L-2
L-3
R-1
R-2
H-1
H-2

PERMANENT
VISCOSITY

STANDARDS

MANUFACTURERS' LITERATURE

Porcelain Filter Media and Appara­
tus. A 24-page catalog entitled "Mi­
cro-Porous Porcelain Filter Media and
Appnratlls" describes porous porcelain
filter media and apparatus available for
a variety of analytical determinations
and industrial filtrations. Selas Corp.
of America, Dresher, Pa. 614

Standard Fabricated Quartzware.
A 4-page brochure on standard fabri­
cated quartzware lists standard taper
joints, ball and socket joints, special
O-ring joints, graded seals, flasks, and
test tubcs. Berkeley Glasslab, 1717
Fift 11 St., Berkeley 10, Calif. 615

Paper Electrophoresis Unit. A 2­
page brochure describes a high voltage
paper electrophoresis unit, fully self­
contained in one console. Unit speci­
fications are given and pictures are
shO\\"ll of results, after 45 minutes op­
eration, using high voltage for separa­
tion of amino acids. International
Sales Associates, U. S. Route 130 North,
Burlington, X. J. 616

X-V Recorders. An 8-page brochure
discusses the Model HR-95 and HR-97
X-Y recorders. Also described is a line
of converters and accessories for the
recorders. A general description of the
recorders, detailed descriptions and pic­
tures of the recorders' features, com­
plete specifications for the recorders'
performance, and typical performance
curves are given. Houston Instrument
Corp., 4950 Terminal Ave., Bellaire 101,
Texas. 617

15 and 16 400-channel analyzers. In­
cluded are descriptions of operating
modes of the analyzers, with typical
oscilloscope traces; an explanation of
analyzer operations at various voltage/
channel combinations, together with
schematic diagrams; and methods of
automatic programming. Packard In­
strument Co., Box 428, LaGrange, Ill.

613

High Vacuum pumps. A 6-page bro­
chure describes four laboratory-size
high vncuum pumps manufactured by
E. Leybold's Nachfolger of West Ger­
many. Curves of pumping speed and
pump-down times or single- and two­
stage pumps are shown. LaPine Sci­
entific Co., 6001 South Knox Ave.,
Chicago 29, Ill. 618

Chromatography Supplies. A 16­
page catalog lists gas chromatography,
thin layer chromatography, and column
chromatography supplies and high pu­
rity lipid reference standards. Applied
Science Laboratories, Inc., P. O. Box
140, North Barnard St., State College,
Pa. 619

Gelman Microporus Membrane Technology

Circle No. 47 on Readers' Service Cm

/

uniFORm

~. ~
~. .y=-~.

~~~l)) ,It,·/
~::-::=/ IiELmAn-mETRIEEfM

mEmBRAnE FILTERS HAUE
uniFORm, SIZE-EonTROLLED
PORES THROUIiHOUT

13:1 for effici ent filtration and max­

im um flow 13:1 for; mproved chemi­

cal and heat stability mfor

strength to withstand even folding

13:1 for faster, more efficient fil­

tration ISiI i;l pore sizes from .004

to 10 microns.

m~r:~ :::~aIOg 221 today.

INSTRUMENT COMP~.NY

600 S. Wagner, Ann Arbor, Michigan
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Dept. AC-12

either
get a third hand

or...

INDUSTRIES CORP.

At Last! Freeze Dry Glassware with sec­
tions that snap together by applying slight
pressure and stay together even when held
at the top with one hand.

- No more vacuum grease!

- No more hard to clean flasks!
• Exclusive wide mouth flasks allows

easy removal of contents.

-Top sections are interchangeable for
use with V2" and JA" 0.0. port and are also
provided with vacuum break holes.

Write for complete catalog and price
list. Better yet, send for sample on memo
and convince yourself.

NEW FREEZE-DRY
GLASSWARE

BY THERMOVAC

THEAMOVAC INDUSTRIES CORP.

41 Decker Street, Copiague L. I., N. Y.
Circle No. 174 on Readers' Service Card

Laboratory Glassware. A 28-page
catalog lists a variety of laboratory
glassware. Included are pipets, centri­
fuge tubes, diagnostic tubes, test tubes,
and automatic pipets. Rochester Sci­
entific Co., 623 Norton St., Rochester
21,N.Y. 626

Parr Oxygen ,Bombs. A 12-page il­
lustrated bulletin discribes ten different
bombs for calorimetry and oxygen com­
bustion tests. Bombs for both routine
and research purposes are covered, in­
cluding styles for microcombustion, ex­
plosive tests, fluorine combustion, and

MANUFACTURERS' LITERATURE

Log Voltmeter-Converter. An 8­
page brochure contains technical de­
scriptions, schematic specifications, and
applications of wide range Model
HLVC-150 Log Voltmeter-Converter.
Houston Instrument Corp., 4950 Ter­
minal Ave., Bellaire 101, Texas. 620

Freezing Point Calibration Stand­
ards. A 4-page catalog, FPS 500, de­
scribes freezing point calibration stand­
ards which utilize fixed freezing point
of pure metal to provide discrete tem­
perature for calibration of temperature
probes. Temptron Division of Con­
solidated Controls Corp., 7030 Darby
Ave., Reseda, Calif. 621

Laboratory Equipment and Chemi­
cals. A 1088-page catalog, "Selected
Laboratory Equipment &: Chemicals
63/64," features the latest equipment,
apparatus, furnitlll'e, supplies, and gen­
eral aids. Also included is a section de­
\'oted to a comprehensive listing of the
most commonly used reagents, biolog­
ical chemicals, spectra-solvents, chem­
icals for chromatography, stains, dehy­
drated culture media, etc. Schaar Sci­
entific Co., 7300 W. Montrose Ave.,
Chicago, Ill. 60634. 622

High Vacuum Pumps. A 16-page cat­
alog (i'Jo. 10) illustrates and describes
the full line of Nevaco high vacuum
pumps. The catalog covers perform­
ance, installation, and technical data
for laboratory and field application.
Nelson Vacuum Pump Co., 2133 Fourth
St., Berkeley, Calif. 94710. 623

Soft X-Ray Measurements. A set of
data sheets and actual graphs sum­
marize soft x-ray measurements origi­
nating from the K and L shells of low
atomic number nuclides. Nuclear
Measurements Corp., 2460 N. Arling­
ton, Indianapolis, Ind. 46218. 624

Fast Coincidence Spectrometry. A
4-page brochure discusses a fast coinci­
dence spectrometry system. The "fast"
configuration is possible because of the
design of the N-685 jitter-free pulse
height analyzer. Hamner Electronics
Co., P. O. Box 531, Princeton, N. J.

62S

Almninum hydroxide
loaded pape?'

A pure Whatman cellulose paper
containing aluminum hydroxide.
Designed for the chromatographic
separation of substances
with very low water solubility.

Acetylated cellulose
pa1Jer-12%

A pure Whatman cellulose grade
containing a highly purified
silica gel adsorbent. Permits the
use of non polar solvents
and the separation of water
insoluble substances.

Silica gel
loaded 1Jape?'

AC81

For technicallitemtw'e
request Bulletin PC-l.

GRADE

AC82Acetylated cellulose
1Japer-Z5%

For chromatography of
substances with very low water
solubility. Grade AC81 has an
acetyl content of approximately
12% and Grade AC82 an acetyl
content of approximately 25%.
Both grades are 'smooth surfaced
and have an excellent wet strength

GRADE

SG81
GRADE

AH81

GRADE

WHATMAN

PAPER
CHROMEOIA
Fou't, new slJecicdtv
chr01natog1'CL1Jhic papers
from Whatman.
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OlD
MetrionIT..-
versatile, low-cost

I pH measurement

Allrourine pH measuremenrs--even
those requiring temperature com­
pensation-can now be performed
with a simple, low-cost pH meter,
the Coleman Metrion II

This precision meter incorporates
such premium features as tempera­
ture compensation control and
automatic - titrator - conne,:tions.
The large selection of Coleman
electrodes further extends the Metr­
ion Irs range to include unusual
~ples, sample sizes and tempera­
tures.

Designed for accuracy and
reliability-as well as for eco:>nomy
-Metrion II has simple controls
and tr~ble.free printed circuitry.
Priced at $160 (including elec­
trodes and buffers), it featurt,s:

• Accuracy-O.OS pH

• Range--o-14 ph

• Temperdture Compensation-­
0-100" C

• Stabilized Operation­
110.130V AC

Cat. No. A-6S429 $160.00

Send j01' Bulletin describing the
complete line oj Coleman Ehctrodes

for all instruments.

Circle No. 96 on Readers' Service Card
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MANUFACTURERS' LITERATURE

rotating bomb calorimetry, some with
platinum liners. Parr Instrument Co.,
211 Fifty-third St., Moline, Ill. 627

Indicator Chart. The chart, "pH
Ranges and Color Changes of Eastman
Indicators" contains four new items-a
total of 61. Distillation Products In­
dustries Division of Eastman Kodak
Co., 343 State St., Rochester 4, N. Y.

628

Reprint List. A revised reprint list
contains information on materials avail­
able describing the techniques of vac­
uum weighing, thermogravimetry, sorp­
tion measurements. contamination anal­
ysis, ultramicro w~ighing, and thin film
deposition monitoring. Cahn Instru­
ment Co., 15505 Minnesota Ave., Para­
mount, Calif. 629

Laboratory Supplies. A 24-page cata­
log describes micrometric controlled
monometers, McLeod gages, syringes,
burets, vacuum and pressure gages.
RGI, Inc., Box 732, Vineland, N. J.

630

Recorders. A 16-page catalog illus­
trates and describes the Series "S" re­
corders. Heading the line is the Speed­
Servo, a recorder with 1/a-second re­
sponse. Esterline Angus Instrument
Co., Inc., P. O. Box 596, Indianapolis 6,
fud. ~1

Dead Weight Testers. A 2-page data
sheet includes details on dead weight
testers and gages in the 5- to 500- and
50- to 1O,000-p.s.i. ranges. Chandler
Engineering Co., 7707 East 38th St.,
Tulsa, Okla. 632

Laboratory Working Surfaces. A 24­
page book describes materials, dimen­
sions, and recommended uses for scien­
tific laboratory working surfaces. De­
tailed instructions are given for clean­
ing and maintaining the materials.
Hamilton :VIanufacturing Co., Two
Rivers, Wis. 633

Company Periodicals
Requests for Callies of the following
publications, catalogs, etc., should be
sent directly to the address shown.
Business or professional letterheads art!
requested.

What's New for the Laboratory.
No. 51, Fall, 1963. Approximately 36
new items are illustrated and described
in this 16-page issue. Among them
are: a Teflon-sealed stirrer that can be
used under vacuum and with higWy
corrosive chemicals, a line of reagent
bottles with high vacuum seal joints,
and a new densitometer for thin layer
chromatography. Scientific Glass Ap­
paratus Co., Bloomfield, N. J.

One test tube is made of glass, the
other, Vitreosil pure fused quartz. Most
glass deforms at low temperatures
where Vitreosil will withstand contin­
uous operation at temperatures up to
1100 0 C for extended periods of time.
Unlike glass, Vitreosil can handle most
common acid and corrosive materials
in liquid or gaseous forms, even at
high temperatures, with no reaction to
the quartz.

VITREOSll®
PURE FUSED

QUARTZ
LABORATORY WARE
Comes in a full line of beakers, cruci­
bles, dishes, wool, blocks for lenses,
tubes, flats, etc. Close tolerances are
held due to our know how and quartz
to metal seals are on a production
basis. Special fabrication to order.

More details can be found in Chemical
Engineering Catalog or Electronic Engi·
neers Master or send for a free 32
page catalog.

Circle No. 100 on Readers' Service Card



HERE'S WHY:

41 Decker Street, Copiague, L. I., N. Y.
Circle No. 102 on Readers' Service Card

Dept. AC·12

INDUSTRIES CORP.

Why not write for the complete FD-3 story?
You'll be amazed at its specifications and it's
priced far below any comparative machine in
production today.

A complete line of Mechanically Re·
frigerated Freeze Dryers from $550.

·PAT. PEND.

The condenser chamber is different

• It's easily accessible and visible during the
entire process

• In just 5 minutes defrosting and cleaning can
take place

The unit is complete

• Bulk chamber freeze drying and manifold
freeze drying can be done at the same time

• Inside of drum can be fitted with removable
tray rack with controlled heating

U
THERMOVAC

Jena Review. No. 3/63. This issue
discusses the Universal spectrophotom­
eter's use for fluorescence measurements
of macromolecular solutions. VEB
Carl Zeiss JENA, Jena, Carl-Zeiss,
Strasse 1, German Democratic Re­
public.

Apparatus Review. Autumn, 1963.
This 16-page issue features a densitom­
eter for thin layer chromatography,
liquid CO2 freeze dryers, a vacuum oven
with wrap-around heating elements on
four sides, an oxygen meter, a new type
of standard taper joint clamp, a mag­
netic stirrer that illuminates vessel
contents, and a 70-inch wide Fiberglas
fume hood for radioactive work. La­
Pine Scientific Co., 6001 South Knox
Ave., Chicago 29, Ill.

Philips Defense and Space Labora­
tory Bulletin, Vol. I, No. 1. This 4­
page issue describes the development of
a space power supply to withstand the
extreme environments of launch, space­
flight, and touchdown. Philips De­
fense and Sapce Laboratory, 900 South
Columbus Ave., Mount Vernon, N. Y.
10550.

Penn-Chem News. Vol. 1, No. 1.
This 8-page issue of a new external
house organ describes a variety of
laboratory equipment. Penn-Chern
Corp., Lancaster, Pa.

MANUFACTURERS' LITERATURE

Research Notes. Fall, 1963. This 8­
page issue includes a discussion of two­
channel gas chromatography and alkyl
lead analysis by electron capture. Wil­
kens Instrument & Research, Inc., P.O.
Box 313, Walnut Creek, Calif.

Instrument News. Vol. 14, No. 3&4,
Spring/Summer 1963. This 12-page
issue discusses the cryostat accessory
for the Model 350 spectrophotometer,
the Model 810 and Model 820 gas
chromatographs, the Model 139 spec­
trophotometer and accessories, electro­
phoresis apparatus, the KBr disk tech­
nique, new infrared cells, and the Model
801 chromatograph for steroids. The
Perkin-Elmer Corp., Norwalk, Conn.

Lablog. No. 2-63 (Summer). This
8-page issue includes descriptions of the
Autoset spectrophotometer, a student
microscope, a new balance, and a Fiber­
glas fume hood. Will Scientific, Inc.,
Box 1050, Rochester 3, N. Y.

Atomlight. No.31. This 12-page is­
sue discusses the microchemical identi­
fication of steroids from biological media
and automatic counting of radioactivity
on two-dimensional paper chromato­
grams. New England Nuclear Corp.,
575 Albany St., Boston 18, Mass.

Whether you have linear or rotary motion,

there is an encoder model that can be

adapted to your application. The 11 inch

Linear Motion Encoder can be used with

Brown or Bristol Recorders to digitize strip­

chart information, There's a model for

Leeds & Northrup Series H Recorders too.

For rotary inputs there are 1, 10, 36, and

lOa-turn models with total counts from 100

to 100,000.

In addition, Encoder / Readouts are avail­

able with BCD8421, Straight Binary, Mini­

mum Switching, Gray or Datex outputs.

Encoder/Readouts can be provided with

3,4,5, or 6 digit decimal light readouts, or

buffer storage, and are compatible with

standard card and tape punches.

Specifications for the entire tine of Perkin­

Elmer One- Brush Absolute Position Enco­

ders and Encoder/Readouts, optional

equipment, and applications information

are contained in the brochure, Digital

Monitoring and Control. Send for your

copy from the Vernistat Division, Perkin­

Elmer Corporation, 751 Main Avenue,

Norwalk, Connecticut.

PERKIN-ELMER

Make
digital data
from
mechani'cal
motion

, --------,' ..

Circle No. 99 0' Readers' Service Card

FROM DIGITAL ENCODER TO
READOUT TO COMPUTER

Perkin-Elmer One-Brush Encoders are

uniquely different. Superior features- a sin­

gle brush, freedom from noise, low torque,

low moment of inertia, and long, long life

(5 mil/ion brush passes are guaranteed),
make them a major advance in encading

state -of-the -art.
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CANTIAC=i.JE ROAD, WESTBURY. N.Y 11590
BRINKfv1ANN

$36.50
38.20
40.10
41.75

$34.50
36.20
38.10
39.70

:--U:,,\UFAC'TURERS OF SCIENTIFIC GLASS :\PPAR ..\TCS A:\"D 1:\'STRC~fENTS

27-09 40th Ave., Long Island City I, ~.Y., STillwell 6·6077

ECK&KREBS
*Developed at Schwarzkopf ~Iicroanalytic3.1Laboratory. Inc. (patent. applied for).
tDuPont Registered Trademark

Circle No. 112 on Readers' Service Card

IMPROVED DESIGN*
OXYGEN COMBUSTION FLASK
• Slower but complete combustion'
through catalytic action of modified. Capacity #9500-A #9500-8
platinum holder. • Detachable' ,n ml
platinum holder for easy cleaning of i ~gg
metallic residues including silicon,: 1000
boron, oxides, etc. • Vacuum re-! 2000
lease Teflon t stopcock. !

Manufacturered and Distributed Exclusively by

Circle No. 187 on Rf3ciers' Service Card
TRUMENTS

an elastic heat exchanger which
can be wl'apped around anything

Calorex may be used for heating or cooling from - 50 to + 120 'C.
Typical app'.lcations include the te'npering of chromatographic
columns, reac:':ion vessels, distillation bridges, filters. pipelines.
and stcrage vessels containing highly aggressive chemicals.

I I'J

CALOREX TUBING

FOR COMPLETE DETAILS AND LITERATURE WRITE ROBERT L. STONE CO.. 3316 WESTHILL DRIVE, AUSTIN 4, TEXAS

Circle No. 162 on Readers' Service Card

TGA thermogram (upper curve) and DTA thermogram [lower curve)

of ClISO, SH,O, Weight of sample for TGA ::-:: 48.5 mg. Weight of

sample for DTA = 2.3 mg, Both tests run with dry N, as the dynamic gas .

. _--, ----- --,----t-->-- -r--'- -,----- ---- .'
5(0 :+_- --<;ttfl- -- 5:ro=E· ...•
- .....~ __f--- f--- =t-=---='-~ - .:..~

:::-f:~--: --e-~ f--- f--- ~ f---e- =-=-

=1==-
r

.+----

Components used for above
analyses:
Model TGA-3A Thermogravimetric

Ana lyzer-$5250.00
Mode! J-2 DTA Furnace Platform

with No. SH-I IC I Suoersensitive
Samo:e Holder-$ I545.00
Mod~1 KA-H Recorder-Controller

Console-$4750.00

(PrheJ FOB, AI/J/ill)

.~1

~.b_ - ~ ,
~'0g: - --- ,: : : - -f---

'-- . -- -.

f--

MODEL TGA·3A
THERMOGRAVIMETRIC ANALYZER

• Famous dynamic-gas atmosphere control gives sharp

breaks even at fast heating rates_ Note break at 100 0 C,

Pressures to 100 psia. Vacuum to 10-1 Torr.

• TGA is used to weigh sample.

• Very easy adjustment of instrument
capacity (one dial) from 10 mg. to 7S0 mg.

for full scale recorder defledion.
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ANALYT~CAL CHEMISTRY PRODUCT CAPSULES_

For your convenience - short urefreshers" on last month's ads.
Obtain free information on any of the products or services described
by circling the corresponding key number in the UProduct Capsules"
portion of the reply card preceding this section.

Bags. Data sheet on collodion bags
offered. 2

Balances. New top-loading unit has
tare indicator. 60

Analyzers. Specs on multichannel
unit :tnd power supply. 80

Analyzers. 100-channel pulse height
unit has visual single-channel window.

167

New recording unit
76

Throw-awav cartridge
. 48

Unit circulates 4 liters
180

Info on micro-particle
126

Circulators.
per minute.

Classifiers.
classifier.

Chromatographs. Bulletin on gas
unit with single or multiple detectors.

61

Comparators. "Modern pH and
Chlorine Control" book offered. 93

Chromatographs. Bulletin on gas
systems and components. 22

Chromatographs. Gas unit has pro­
portional temp. controller-programmer.

139

Controllers. Temperature controller
for bomb calorimeters. 72

Counters. 30 sample automatic beta
counting system. 195

Counters. Digital counter for direct
reading of volume dispensed. 44

Counters. Data file on beta counting
systems and detectors. 115

Counters. Transistorized integrated
counting systems. 158

Crystals. Copy of "Polished Optics"
hooklet offered. 46

Densitometers.
for TLC.

De-ionizers.
de-ionizers.

Desiccants. 100-page book on dessic­
pant for solids, liquids, gases. 45

Dispensers. Plastic unit for repetitive
dispensing. 152

(Continued on page 144. A)

Info on gas unit
104

Details on line of
131

Info on micro-porous
185

Micro and macro titration
187

Burets.
aids.

Balances. Spectroscopist's ualance for
IR, UV, NMR samples. 121

Baths. Bulletin describes lo-temp. unit.
103

Cameras. Catalog on unit for auto­
matic-exposure photomicrography. 79

Cells. Info on IR, UV, blood oxygen,
sealed liquid, cells. 143

Cells. Details on line of glass absorp­
tion cells. 52

Cells. Silica absorption cells for spec­
trophotometers. 82

Cells. Info on new IR sampling cells.
114

Chips, Boiling.
boiling chips.

Centrifuges. Data file on preparative
unit with large rotor chamber. 138

Centrifuges. Info on line of centri­
fuges, pipets, fractionators. 164

Chemicals. 500-page chemical ma­
terials catalog. 5

Chemicals. Catalog details 3000 stock
chemicals. 194

Chromatographs.
and accessories.

Chromatographs. New gas units
have dynathermal control. 157

Chromatographs. Details on dual
column modular gas unit. 81

Chromatographs.
gas units.

Recording polarographic
176

DTA and TGA unit to
36

Info on line of balances and
17

Info on line of weights and
70

Analyzers.
1200° C.

Analyzers.
unit.

Acids. Line of acids and reagents
packaged in polystyrene case. 21

Adsorbents. 16-page booklet of chro­
matographic adsorbent. 134

Amplifiers. Data sheet on new lock-in
unit for obscured signals. 38

Analyzers. Bulletin on new electron
probe Illicro'lnalyzer. 41

Analyzers. Bulletin details line of
multich;wnel units. 71

Analyzers. Automatically does five
amino :tcid chromatograms in 24 hours.

166

Balances.
,,·eights.

Balances. New 1000 gram unit has
no-knife edge construction. 169

Balances. Unit has solid titanium
beam/jeweled mechanism. 30

.Balances.
b:tlal1('('s.
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Product Capsules

Distillers. All qU:lrtz automatic unit
for single, continuous operation. 188

Dry Boxes. Book on safety enclosures
ofTered. 117

((Let

Furniture. Data on metal lab. furni­
ture offered. 181

Fraction Collectors. Bulletin on auto­
matic fraction collection unit. 12

INSTRUMENTS. INC.

. ,"it.

SCIENTIFIC AND PROCESS
INSTRUMENTS DIVISION
FULLERTON, CALIFORNIA

Let him get you
the new Beckman

pH
electrode
catalog

It's free.

All it takes is a stamp
with which to mail

your request.
It describes 121

different pH electrodes.
And all are available

from Stock.
Send him for it today!

George
do

Beckman

INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND;

MUNICH, GERMANY; GLENROTHES, SCOTLAND; PARIS,

FRANCE; TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA

Circle No. 124 on Readers' Service Card

details
14

Info on HSV ex­
153

Bullet.in on portable
119

Details on line of lab.
lS0

Info on Iabor:ltory glassware
28

Excitation Sources.
citat.ion unit.s.

Evaporators.
flash units.

Furnaces. Info on utilit,· size electric
lab. furnaces. - 95

Furniture. Catalog on line of lab.
furniture offered. 191

Furniture.
furniture.

Furnaces. Info on induction furnace'
and attachments. 54

Dryers.
dryer.

Filters. Bulletin on cellulose aceta te
membrane filter. 42

Faucets. Copy of laboratory service
fixtures ca~alog offered. 7

Filters. Application manuals on lim'
of filters offered. 62

Flowmeters. Catalog on flow rate tes1;
bl 18

Electrodes. Bullet.in details line of
pH electrodes. 32

Eye-wash. Catalog on emergency eye­
,"ash fountain and safety equipment.

142

Evaporators. High-\'acuum,IOI\·-temp.
rotary evaporator. 122

G.C. Accessories. Bulletin
thennal conducti"ity cells, etc.

Galvanometers. Bulletin details gal­
vanometer for pressure measurement.

168

Electrodes. Info on line of spectro­
.'<copic plectrodes ami powders. 179

Electrodes. Data and samples on line
of stock and custom electrodes. 3

G.C. Accessories. Details on syringe
holders, peakometers. 173

Gases. 24-page one-source rare gas
booklet offered. 58

Gels. Info on liquid scintillators. 69

Generators. ~eutron generator yields
2.5 X 1014 njsec. 16

",/,,,

~-- ~--~,-...._.._...,_...-- _...-'

AT YOUR lABORATORY !iUPPLY DEALER

\~
•• 'j. ,

1

;~

The Submersion Roitator ... for
the even dispersion of hetero­
geneous mixtures by the under­
water rotation of itest tubes,
syringes, stoppered flasks and
small bottles. Unusually versa­
tile, the Submersion Rotator is
unequalled in a multitude of
applications: Blolld Typing;
Kahn, Wasserman, Kolmer and
Babcock tests; RotCltion of Tis­
sue Slices and Homogenates;
Coagulations; Aerobic and Anae­
robic studies; Gas Saturation
studies. Easily adaptable to a
variety of container sizes.

another quality product oj

Sc;enf:;"ic If\
Indus'l:r;eslNc i

DEPT. AC1263 .• 220-05 97th AVE.
QUEENS VILLAGE 2.', NEW YORK
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Product Capsules

Instruments. 100-page catalog on line
or instruments. 124

Labels. amples and info on line of
(;1 pes :tnd labels. 15

Microscopes. Unit has built-in Koeh­
lpr illumination. 67

biomolecular
192

Details on line of lab.
130

Info on complete line
102

For strip chart recoru­
35

Integrators.
pr.'.

Instruments.
ill"trtlments.

Instruments.
offered.

G.C. Packing Kits. Kits with trial
sizes of assorted packings. 34

G.C. Supports. Copy of "Gas Chrom"
newsler,ter offered. 110

G.C. Supports. Ca t:tlug on supports,
adsorbents, pha~l'''' 133

Heaters. Fl:i."k hl':ltcr boils 600 ml. of
water in less than 10 minutes. 86

Heating Units. Catalog on high fre­
qlll'IlC" induction he:tting units. S7

Hoods. 32-page brochure on fiberglass
unit for radioacti\"e lab. use. 53

Models. Details on
structure models,

Microscopes. Info on heating stages
!Ind heating microscopes. 56

Microscopes. Electron unit has 600 X
to 120,000 X magnification. 159

Mixers. Electronic controlled mixer
ha, constant torque. 47

Mixers. Bulletin on heavy duty unit
which operates on compressed air. 65

Monochromators. For vacuum ultra­
violet instrumentation. 149

Oils. Bulletin on oils, waxes, and
I!re:tses for high vacuum work. 26

Monitors. Info on nuclear monitoring
s~·~tem. 100

Monitors. All glass, continuous re­
fractive index monitor. 156

Nuclear Science Kits. Catalog details I

complete line. 193

Nuclear Units. Info on scalers, rate­
meters, spectrometers. 107

FIVE GASES IN FOUR MINUTES WITH
FISHER'S NEW GAS PARTITIONER-carbon
dioxide, oxygen, nitrogen, methane, carbon monoxide. Speed and
sensitivity of new Gas Partitioner mean many extra analyses daily.
One lab is making 80 a day. Columns can be changed for analyses
of various gaseous mixtures. Two advances improve reproduci·
bility: A constant-current supply replaces batteries, gives currents
of 5±0.25 or 7±0.25 milliamps directly from any 105-130 volt
50/60 cycle a-c line; built-in gas-sampling valve lets you take
reproducible samples directly from gas streams in pilot plant or
mill, reproduce peak heights within ± 1%. Full facts in free Bulletin
FS-275. Call your Fisher branch or write Fisher Scientific Company,
100 Fisher Building, Pittsburgh 19, Pa. J-228

i

Info on liquid scintil­
68

Nuclear Units.
1:1 lion systems.

Osmometers. Vapor pressure and
high-spcwl membrane units. 59

(('ollti1l1lCd on page /46,1)

World's Largest M anufaclurer-Dislribulor of Laboratory Appliances & Reagent Chemicals

Boston' Chicago' Fort Worth, Houston' New York' Odessa, Tex.• Philadelphia
Pittsburgh' St. Louis' Union, N. J .• Washington' Edmonton' Montreal' Toronto

Circle No. 46 on Readers"Service Card
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340ml.

360m'.

240 mi.

320 ml.

·360 ml.

1004

1003

1106

1101

This bomb is used for high

precision colorim~fry and for

tests requiring flushing or

~vacuotioi' before or after

firi!'g. It is offer~ in the

inverted style os shown, also

in on u!,right model, No.

1105. Both con be equipped

with platinum. fittings and

liner.

This. is a special purpose

bomb used in rotating bomb

colorimeters. It coo be mod.

for either oxygen or fluorine

combustions. and can ~

equipped with 'a full set of

platinum fi"ings'and Q plati.

num liner. There are two

needle valves in the one­

pie« head.

Most PorI' colorimeten are

equipped with this double

valve bomb or its single

valve counterpart. No. J102.

Both ot'e widely·· used for

general purpos~ c~lorimetry;

01$0 for determining sulfur,

c.hlorine, oner.:i~ and other

elemenh in tombustibJe 10lid

or liquid samples.

1104

This is the heaviest' end

strongest of all PorI' oxygen

bombs, It is designed to

withstond the high pressures

and sho(~ forces developed

when testing explosj"es and

high energy. ruefs in Porr

oxygen bomb coforimeters.

It has gas inlet and refease

valves similar to No. 1101.

This is a speci9f purpose

bomb used primarily for

1:, burning samples in fluorine

~'·lnste-od of oJC:ygen. It con be
mod., of nickel. Monel or

other oltoys. Gas inlet and

outlet connections ore mod.

through vol ...es bl,lilt into a

one-piece head•.

Circle No. 77 an Readers Service Card

Data
73

colorimeters
51

Catalog on unit for
24

Data on new solid
94

Fluoro-microphotom­
20 samples per min.

189

Bulletin on line of pH
77

Unit has 25,000 ohms
64

Line of 38 models of X-Y
163

Portable unit has 14 chart
39

Info on 12-channel liquid
128

Info on pipetting unit in five
137

pH Meters.
meters.

Pipets.
colors.

Pressure Reaction Apparatus.
on 1 or 2 liter bombs.

Photometers.
eter processes

Photometers. Info on
and fluorimeters.

Pumps.
pumps.

Pumps. Bulletin on high vacuum units
with no vacuum condensation. 55

Picoammeters.
state units.

Pipets. Data sheet on automatic di­
lutors and repetitive pipets. 10

Pipets. Inert plastic unit for repeated
pipetting. 31

pH Meters. Bulletin on pH meters,
electrodes, temp. controllers. 91

Pumps. Catalog on tubing pump for
feeding, metering, sampling. 89

Pumps. Bulletin on plastic centrifu­
gal pumps. 129

Polarimeters. Direct reading unit for
micro and macro methods. 75

Power Supplies. Info on high voltage
regulated power supply. 172

Presses. Bulletin on unit with up to
40,000 lbs. pressure. 123

Recorders.
units.

Pyrometers. Bulletin on indicating
unit with copper-error correction. 111

Recorders. Bulletin on units for spec­
trophotometry, G.C., pH titrations.

186

Photometers. Light scattering unit
for molecular weight measurement.

178

Product Capsules

Recorders. Integrating unit for gas
chromatography. 154

Recorders. Info on unit with adjust­
able paper speeds. 92

Recorders. X-Y unit has vacuum hold
down for chart. 99

Recorders.
speeds.

Recorders.
source.

Refractometers.
every index range.

~i
!

t~.·> •
l~
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• A tradename of W. H. Curtin & Co.

\01

Now, with Curtin GC Packing Kits,
you can try a wide variety of column
packings for gas chromatography with­
out investing in large quantities of ex­
pensive materials. Three new introduc­
tory assortments, coated on Curtin
CHROMOPAK*, give you a selection
of packings for making trial separa­
tions with a minimum of investment
and waste.
Designed specifically to assist you in
solving your gas chromatography prob­
lems, Curtin's GC Packing Kits include
packing materials for use at low,
medium or high column temperatures.
Trial packings are furnished in 25­
gram bottles, a quantity sufficient for
preparing the average length column.
Kit "A" includes 10 selected packings,
8 of which are primarily for use with
low boiling samples; 1 for medium
boilers, and 1 for high boilers.
Kit "B" includes 12 packings, 7 of
which are for medium boiling samples,
2 for low boilers, and 3 for high boilers.
Kit "C" consists of 14 packings, 9 of
which are primarily for high boiling
samples, 2 for low boilers, and 3 for
medium boilers.
Thus, with only a modest investment,
you can perform numerous separations
for comparison to determine the Curtin
Column Packings most suitable for
your work.
For complete information on Curtin
GC Packing Kits and Curtin Coated
Column Packings, write W. H. Curtin
& Company, P. O. Box 1546, Houston,
Texas 77001.

new GC Packing Kits
help solve

Column Problems

W.H~\CURTIN & CD.
e "0. SCIENTIfIC APPARATUS AND CHEMICALS

.....O\l~IO•• T~'1I • IrU""'.AIII • IIIW 0." .~1 • "" ...
• UhU • lItuonlHI ••!lUIl • (01'111 t.I,,,
\ lUI/QI/UOIII. ifill'." • SoU ..101110 • IIIUltO ('"
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resins for
27

Fully auto­
52 samples.

116

UV-VIS dif-
97

105

Unit for liq­
106

Compact, low
160

Info on IR
177

Data file on IR
11

UV-VIS grat­
20

Catalog on recording
23

Info on EPR systems
151

Info on spectrophotometric
146

Brochure on all glass water
25

Product Capsules

Solvents.
solvents.

Stirrers. Magnetic power stirrer with
continuous speed control. 175

(Continued on page 148 A)

Spectrometers'.
and accessories.

Spectrometers.
unit offered.

Spectrophotometers.
uids, gases, solids.

Spectrophotometers.
mated system measures

Spectrophotometers.
fraction grating unit.

Spectrophotometers.
cost, UV-VIS unit.

Spectrophotometers.
scanning unit.

Spectrophotometers. Ultra-micro­
spectrophotometer, scanning micro­
densitometer. 29

Spectrophotometers. IR unit has
built-in monitoring system. 170

Spectrophotometers.
units offered.

Spectrophotometers.
ing unit.

Specimen Chambers. Unit has hot
and cold stages and additional access
ports. 161

Spectra. Brochure and sample spectra
offered. 162

Spectro Supplies. Line of standards,
film, electrodes, plates. 90

Spectrographs. Data on 3.4 meter
convertible Ebert unit. 127

Spectrometers. Details on vacuum
direct-reading unit. 112

Spectrometers. Mass spectrometer
for organic chemistry. 109

Spectrometers. Double focusing,
mass unit for organic compounds. 19

Spectrometers. Direct reading unit
has permanent record readout. 113

Resins. Ion retardation
amino acid solutions.

Services. Brochure on activation anal­
ysis services. 13

Stills.
still.

Spectrophotometers. Info on unit
with comfortably situated controls.

Circle No. 176 on Readers' Service Card

~~:r~~

---X:K1l81t:r~e:K1t

C:::c>rpc>ra.tl.c>~

925 E. Meadow Drive
Palo Alto· Cafifornia

For more information, contact your
nearest representative of Van Waters
& Rogers, Inc. or Fisher Scientific
Company. Or write for Bulletin 12AP.

• Compact - the Durrum
Dial-A-Pump, Model 12Ap,
provide s the versatility
and capacity of 12 separate
pumping channels in just
12" of bench space.

• Each channel is individu­
ally and continuously ad­
justable over a range of
0-4,000 ml/hour.

• Wide range ofapplications
- ideal for feeding of mul·
tiple chromatography col­
umns,mixingofliquidsand
slurries, perfusion studies,
and proportioning chemi­
cal streams.

• Handles virtually all your
liquid pumping require­
ments with one unit cost·
ing only $750.

check these features
of the new

DURRUM
12-CHANNEL
LIQUID PUMP



Product Capsules

16-page booklet on
78

Catalog on complete
66

XRD equipment for
43

Info on beakers in five
50

2-±-page c3talog on line
140

Rubber, gum, neoprene
37

Catalog on complete line
135

Teflon tubing from .012" to
74

Info on clear, flexible, plastic
171

Stoppers.
stoppers.

Symbols. Catalog on Greek, math, or
tech. symbols for type\Hiter. 155

Syringes.
offered.

Tubing.
.:3:30" i .d.

Tubing.
tubing.

Ware, Glass. Details on complete
line of glassware. 84

\/Iiare, Glass.
sizes.

TLC Apparatus. Info on thin layer
chromatography units. 174

Syringes. Automatic syringe for chro­
matography. 141

Ware, Glass. Catalog and sample of
new freeze-dry glassware. 96

Ware, Glass. Catalog on greaseless,
high vacuum glassware. 125

Titrators. Bulletin on unit with wide
choice of electrodes. 40

Valves. Info on line of brass and
stainless steel nlns. 8

Thermal Apparatus. Info on versa­
tile unit and accessories. 183

Stirrers. Variable speed unit from
.50-300 r.p.m. 85

TLC Adsorbents. Bulletin on two new
thin layer adsorbents. 87

TLC Apparatus. Bulletin on appa­
ratus for thin layer chromatography.

98

Tables. Bulletin on anti-vibration bal­
ance table. 118

Titrators. Info on dual recording unit.
83

Ware, Glass.
offered.

Ware, Plastic.
complete line.

Ware, Porcelain. Info on casseroles,
dishes, capsules, plates. 33

Ware, Stone. Details on stone sur­
face material offered. 1

X-Ray Units.
PPB studies.

Ware, Plastic.
line offered.

2401 OGLETOWN RD.

NEWARK, DELAWARE

The columns contain spiral screen bands having

300 teeth per inch contac~ing the walls of the

!;till. This construction provides violent agita­

l'ion of the reflux liquid and gives intimate

co:>ntact of descending and ascending vapors.

The reflux ratio of the still is controlled by

means of an adjustable needle valve eliminat­

ing the possibility of leakage.

An improved type for use under high vacuum

... developed to meet the need for a labora­

tc)"y still superior to conventional types in the

fmctionation of heat-sensitive or high-boiling,

hi';Jh viscosity liquids.

.. high fractionating efficiency • designed to operate at low

pressures down to 10 -~ mm Hg • free from leaks, contomino­

lion of stopcock lubricants, mechanical difficulties. extremely

Jow tendency to flood. available in a variety of sizes of m;n;­

,num cost.

NESTER SPINNING BAND
DISTILLATION COLUMNS

for purchase or more information, call or write

AUT O[i?!lA TIC

SYRINGE
The AI·150 Automatic Syringe is a
Iruly versalile, reproducible and inex­
pensive syringe - designed for numer~

ous chromatography requirements. Ap­
plications for Ihe AI·150 are nearly
endless, and like many users, you may
already have an addilion 10 Ihose
listed below.

• Precise analYlical injections .. Reproducibility studies

• 'Kinetic 5.tudies • Continuous monitoring of
.. Sampling liquids and ,~ases plant slreams

under pressure (bl"ltane j • Preparative
freons, LPG, elc.) chromatography

PLAN TO ADD THI~; ~ SYRINGE TO YOUR lAB SOON!
WRITE FO'l COMPLETE SPECIFICATIONS

A 1\'EW analyticai' tool---for numerous

Chromatography
Applications

[M]MATRONIC INSTRUMENT COMPANY
P.O. BOX 304 • NEWARK • DELAWARE

Circle No. 39 on Readers' Service Card
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The new Brinkmann Thermoelectric Cooling System
was developed as a compact mechanical refrigera­
tion system which can be applied to numerous rou­
tine cooling problems in the laboratory; for cooling
small baths, instrumentation, jacketed cells, etc.,
when extremely low temperatures are not needed,
and when great heat loads are not encountered. It
is especially useful for tempering liquids in the range
from + 10 to +40°C - when tap-water cooling is
insufficient, ice is inconvenient, and compressor
systems are too bulky_

Our new cooling unit is so small (table area 12 x 6")
that it can always be squeezed into existing space;
it is also trouble-free (no moving parts), is always
operative, and it can cool half a gallon of water
below 10°C in less than thirty minutes, or, control
a 5 gallon aquarium at 20°C.

Available immediately from leading laboratory sup­
ply companies at $295.00.

For any liquid heating or cooling problem, in the
range from -110 to +330°C, please write to us
stating your requirements. Custom built systems are
now available on request.

THERMO· ELECTRIC
COOLING

a new laboratory heat exchanger
for use with ANY constant

temperature circulator

Hanovia's experience in ultraviolet
and quartz products over the past
50 years is responsible for a com­
plete line of high-intensity mercury
vapor arc lamps and accessories for
photochemical work on an experi­
mental or commercial basis.

Ultraviolet radiation and near-visi­
ble violet and blue have already in­
duced a great many photo-reactions,
including halogenations, oxidations,
hydrogenations. polymerizations, iso­
merizations, nitrogen and iron re­
duction, and decompositions. All
have been induced without hazard
to personnel or damage to equip­
ment. thanks to a completely auto­
matic system of protective devices
developed by Hanovia.

Photochemical systems by Hano­
via include sturdily-built immersion
wells, lamps and accessories, and
have been designed to fit readily
with standard laboratory apparatus.
The following is a partial list of lamps
that are fUlly tested and available:

Arc
lamp length
Model Volts Watts In.

~~A_ 90-110 100 1.2

1-'~~ ]1~-13C!.- 1--
200 1.9 nO

"'~

1-6~ 125-140 450 3.7 -'"Cbg
673A 140-150 550 4.5

674A 150 700 7.5

189A 285 1200 12.0
C'>1---- ---I---

78A 550 2000 21.0
0."
3=:

1-- 3°
47A ~5_ 3450~

",-

~."1-.. - 1--- n -
c--S9A_ _ 1~~l-~~-~~

_.",

~~

v>'"77A 960 4500 42.0 n"-- - ~Q.

S7A 1260 5000~ '"_.
40B 1700 7500 59.0

HAROUIA

~::
:0 0::

"

For further
information on
complete systems
for photochemical
reactions of all
types, write today.

high-intensity
mercury vapor arc lamps

for
photochemistry
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LABORATORY SUP P LV
CENTER

MA,TERIALS EQUIPMENT

r----------------.... ~

: SPECIAL THERMOMETER :
: 100·500"C in 1 C~ '. "ts :
I MEL-TEMP, borOSilIcate t
I glass, Helium filled, 76 I

: mm imm. 57.50 each :
L. • __ • _.J

Write for Bulle/in 60

• room temperature to 400°C
• 500°C with special thermometer
• rapid heating and cooling

• one to three samples

MEl-TEMP is an integrated cap'1l3~

melting point apparatus ..... hose healer
is controlled by a variable transfOrmer.

Excellent viewing is provided by a buill
in light and a 6·power lens. The attrac·
tive gray hammertone base occupies
4'" x 5".

only $9750 Indudes u;,' m.p.
capillaries and

"', O·400"'C thermometer.

, f.o.b. Cambridge

THE KOFLER HOT BENCH
Range +50° to 260°C.

Accuracy ± 1° C
Request literature

WILLIAM J. HACKER & CO., INC.
P. O. Box 646 West Caldwell, N. J.

MELTING POINTS in SECONDS with

MEL-TEMp® MEASURES
CAPILLARY MELTING POINTS

~
~
.'

LABORATORY DEVICES
P.O. BOX 68, CAMBRIDGE 39. MASS.

• ¥ 4 •• 4 U"""""" ,.. 4 4 ..,.,... ..

YOUR ANNOUNCEMENT of Chemi­

cals and Materials for sale and/or

Wanted can carry YOUR MESSAGE

to the readers of the leading work­

magazine for instrumentation, con­

trol, and analysis.

Rates on Request

ANAL YTICAL CHEMISTRY
Advertising Olfice:

430 Park Av.nue New York 22, N. Y.

Column
Chromatography
and for Drying
Organic Solvents

--:-------1
Alumina Woelm basic

Standard ..
Preparations W
for

I
Alumina Woelm neutral
Alumina Woelm acid

I
All Brockmann Activity I
Sole agen!s for
USA, Canada, Mexico: M W

I
Alupharm Chemicals • oelm
VJ'J~;730628 Eschwege
~I.w Odenns, La. 70 130

'L- ~ _

1)6 t~1teed:-------,

l
Cellex Cellulose Ion

Exchangers?
(for fraction, lion of prot,ins, nu<l,ic ocids, ond ,nzymes)

ASK FOR PRICE LIST ACX

ClII!lIffi)L~
32nd & GRIFFIN AVE. • RICHMOND, CALIFORNIA

• -- •• " •• 44

1<1"19-1 '963
LaMc.tte Chemical

Chestertown, Maryland U.s.,~\.
~ pe:Cid Iists in

CcloriTetrlc Te :hr iQues
Rec 5~nts-5t,nddrds--Comp(lrdtors

Sene for III ;trdted C:m:rols Cdtdlog
Dept. AC

• Gas ChrclTlatographs
• Spectra: hctometers
• Speciallnst'uments
• Instrumer,f .4ccesso:ies
• Instrul1'enl Building Blocks

Exactly the li~ht instrument for your lppli·
cation ... on the lease or lease/pur,:hase
plan :hat wi I best fit your budget or finan·
cial accour,ti 19 requirements. For dEItails,
write to In~;trument Division, Perkin·Elmer
Corporatior, 751 Main Ave., Norwalk, Conn.

EASTERN Organic j~eagents - always in season!

Tetraphenylphosphonium Bromide. 5-Bromo & 5-Chlorovanillin
5-Chlomvanillyl AlcohcII • Vanillic Acid. 0- & Iso-Vanillin

5-Bro CI & 5-C:h'lorosalic'ylaldehyde • Guanidine HCI (100%)
Citrac;onic-, Glutaric- ,~ Quinolinic Acids & Anhydrides

N,N '-Dipherlylbenzidine (Rea!Ient for Vanadium) • 2-Bromothiophene
N-BenzoylhydroxylaminF.' • s-Diphenylcarbazide • a-Tetralone

Phenyl- & Diphenylurea & -thiourea • 9-Fluorenecarboxylic Acid
Write for list 1<:'63 of other organic chemicals

1;:10 (Code 20'1) 696-170C Zip Code 07440

PERKIN-ELMER

• • • • 4 ,.., 4 .......,... 4 •

INSTRUMENTS
FOR LEASING
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Future Articles
Lis'ed below are papers to appear in forthcoming hsues of Analytical
Chemistry

Colorimetric Determination of Large Amounts of Iron
Using the Oxidized Fe,rrous-PhenanthoH,.1e Complex
Hare.ld L. Watts

A Microreactor Gas. C;hromatographk Method for the
Identification of Poll'meric Materials
B. C. Cox and Bryan Ellis

Spot Tests for Arom(~tic and a,,B-Unsa~lJratedAldehydes
Fritz Feigl and Ester L' oorgott

Use of p-Phenylazobenzoyl Chloride for Chromato­
graphic .Analysis of !Fatty Alcohols
Ira K,tz a~d Mark KeenE)'

Chemical Microscopy of the Platinum Metals: Reactions
with 4-8romoisoquinoline and 4-(p-Nitrobenzyl) Pyridine
Har~ld F. Schaeffer

Determination o·f Primary AlcohcII Groups in Poly­
glycols Using Trit'yl Chloride
J ..:;. Hendrichon

Chelometric DetE,rmination of Aluminum
K. E. Burke and C. "'13nning Davis

Inorganic Salts for Gas-Solid ChrDmatography
J. A. F3vre and L. R. Kallerbach

Spec:trophotometric Determinatic,n of Dithiocarbamate
Residues on Fo"d Crops
T. E. Cullen

Spectrophotometric DeterminaticJn of Iron and Aluminum
in Silicone Polymers
Shiluo Fujiwara. i,n:l Hisarake Narasak;

Determination of p-Chloroa(E,tanilide in Phenacetin:
A Polarographic Method
R;chard Jones alld B. C. Page

Determination of Total Sulfur in Benzene
K.. H. V. French

Spectrophotometric Determination of Trace Concentra­
'tions of Carbonyl Compounds
D. E. Jorda', ar,d F. C. Veatch

Head Space Techniques in Quantitative Gas Chroma­
tographic Analysis of Volat;lle Components in Aqueous
Solutions
R. E. Kepner. H. Maarse. and J. Snating

Adaption of a Galvanic Cell for Microanalysis of Oxygen
Harry Lipnar. L. R. ·Witherspoon. "nd V. C. Champeaux

Gas Chromatographic 1J),~termination of Microgram
Amounts of Carbon in Sodium Metal
T. G. Mur"3all, J. H. Mitchen. and D. E. Johnson

Apparent ConformationClI Changes of Liquid Phases in
Gas Liquid Chromatography
Chiadao Chen alld Dione Gac:b
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Resolution of Neomycin and Catenulin Antibiotic Com­
plexes by Ion Exchange Resin Chromatography
Hubert Maehr and C. P. Schaffner

Routine Separation and Determination of Total Satu­
rated Hydrocarbons in Heavy Petroleum Samples by
Adsorption Chromatography
L. P. Snyder and W. F. Roth

Determination of Organic Peroxides by Iodine Libera­
tion Procedures
R. D. Mair and A. J. Graupner

Prediction of Response Factors for Thermal Conductivity
Detectors
B. D. Smith and W. W. Bowden

Accurate Multicomponent Analyses by Gas Chroma­
tography
B. D. Smith and W. W. Bowden

Extraction of Titanium with Dioctyl Methylenebisphos­
phonic Acid and Direct Spectrophotometric Determina­
tion of Titanium in the Organic Phase
Henrika Gorican and Drago Grdenic

Synergistic Effects in Analyses Based on Differential Re­
action Rates
Sidney Siggia and J. G. Hanna

Use of Differential Reaction Rates to Analyze Mixtures
of Organic Materials Containing the Same Functional
Group. Application to Amides and Nitriles
Sidney Sigga, J. G. Hanna, and N. M. Serencha

Use of Combination Columns In Gas Liquid Chroma­
tography
G. P. Hildebrand and C. N. Reilley

Determination of Solubility of Several Phosphine Oxides
in Aqueous Solutions Using a New Spectrophotometric
Procedure
J. W. O'Laughlin, F. W. Sealock, and C. V. Banks

Amperometric Titration of Uranium(IV) with Cerium(lV)
Utilizing the Pyrolytic Graphite Electrode
H. E. Zittel and F. J. Miller

Integrated Absorption Standardization for the Infrared
Determination of Ester Content in Oxidized Polyethylene
J. N. Lomonte

Determination of Methyl Ketones and Acetaldehyde by
Titration with Hypobromite Using Bordeaux Indicator
M. H. Hashmi and A. A. Aya.

A Solid State Potentiostat for Controlled Potential Elec­
trolysis
Frederick Lindstrom and J. B. Davis

Multiple Reflection Cells for Internal Reflection Spec­
troscopy
N. J. Harrick

Coulometric Titration of Total Arsenic and Arsenic(lII) in
Glasses
W. M. Wise and J. P. Williams

Mass Spectra of Ethyl N-Phenylcarbamate and Ethyl
N-Ethylcarbamate
C. P. Lewis

Determination of Hydroxyethyl Group in Hydroxyethyl
Starch by Pyrolysis-Gas Chromatography Technique
Han Tai, R. M. Powers, and T. F. Protzman



Pulse Summation IN NEW TRI-CARB®
SPECTROMETERS

PUts:: HEIGHT

OLDER TYPE
L1QU ID SCI NTiLLATiON SPECTROMETERS

GREATLY IMPROVED ISOTOPE SEPARATION
A further advantage of pulse summation is the more
faithful reproduction of the true spe.:tral shapes of low
energy isotopes. The total number of photons emitted
for each low energy beta particle is very small. Even
with the best light collection and photocathode conver­
sion efficiencies, only one or two photoelectrons are
produced in each photomultiplier tube from an average
6 KeV tritium particle. Obviously, with such small
numbers, a substantial advantage can be achieved in
the statistics of photon collection and photoelectron
utilization by doubling the numbers through the full use
of both photomultiplier tubes for pulse summation and
subsequent pulse height analysis. The more precise
spectral curves achieved in new Tri-Carb Spectrom­
eters, as a result of better statistics, provide very
greatly improved separation of low energy isotopes
such as tritium and carbon-14.

Pulse summation is just one of many significant new
features now available in Packard Tri-Carb Spectrometers.
Ask your Packard Sales Engineer for complete details,
or write for Bulletin.

DISCRIMINATOR LEVEL
\ SET AT TRITIUM CUT·OFF

,CAR30N.14..

NEW TRI-CARB
LIQUID SCINTILLATiON SPECTROMETERS

I ::>ISCRIMINATOR LEVEL
SET AT TRITIUM CUT·OFF

Compo rison deOlonslrcltlng: Kreatly Improved isotope separatlon
obtainable With n0w TRI·GARB Spectrometers b~ sho .....mg percent­
age of toto I carbon-14 whl{;!l appears beyond tntlum cut-off. Data
IS directly comparable In bolll cas~s: discrIminator le ... els were
set so that arty 0.01'::" tritIum rem.:llned In tile C3rbOl"!-1~_

Pulse summation is an exclusive Packard Tri-Carb devel­
opment for utilizing essentially all of the light energy
produced in liquid scintillation solutions, rather than
only half of the light as in all older coincidence-type liquid
scintillation spectrometers. The benefits to the user are:
(a) HIgher counting efficiencies, especially for low

energy emitters such as tritium
(b) Greatly improved isotope separation in double­

label counting

HIGHER COUNTING EFFICIENCIES
Previously, coincidence-type liquid scintillation spec­
trometers were able to utilize the pulse output from on Iy
one of the two photomultiplier tubes-the Analyzer­
for pulse height analysis. Pulses from the second pho­
tomultiplier tube-the Monitor-served only to provide
coincidence signals.

N8'!i Tri-Carb Spectrometers incorporate a pair of care­
fully matched 13-dynode photomultiplier tubes. Pulses
from both tubes are used to establish coincidence, and
simultaneously they are summed prior to pulse height
analysis. This results in an improvement in the signal­
to-noise ratio by a factor of two, since random noise
pulses do not sum and coincident pulses do. Further,
the use of 13-dynode photomultiplier tubes obviates the
need for preamplifier circuits which inherently tend to
slow down the pulse rise time and which contribute to
the noise level. This permits much faster coincidence
resolving time and relatively lower discriminator set­
tings. The overall benefit is to provide higher count·
ing efficiencies for low energy isotopes.
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IPackard I PACKARD INSTRUMENT COMPAN'Y, INC.
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Electrophoresis diagram (above) from a descending limb obtained by using the half·wave phase plate as the
schlieren diaphragm. Electrophoresis diagram (lower left) of same serum as that represented above. but made by
combining interference and phaseplate schlieren optics. Another electrophoresis diagram (lower right) of the
same serum, made by using an 0.35 mm diagonal slit as tJ1e schlieren diaphragm.

NEW LOW-COST
ELECTROPHORESIS
UNIT PROVIDES
HIGH RESOLUTION
WITH UNIQUE
THERMOELECTRIC
COOLING
Here is on electrophoresis instrument that
has everything p/ll~; automatic O°C tem-

';ircle No_ 185 on Reader~' Service Card

perature stabilization. Cooling is thermo­
electric a nd trouble-free - no ice baths to
bother with and no mechanical refrigera­
tion equipment to wear out or require
maintenance.

Model 238 utilizes the superior, free­
boundary method of electrophoresis; can
handle either schlieren or Rayleigh fringe
measurements at the click of a selector
switch; has a top viewing screen for con­
tinuous observation of changing patterns
as analysis progresses ... and provision for
use of either standard or Polaroid film.

Applicable to a broad variety of assign­
ments, particularly medical and pharma·
ceutical analyses, this instrument can
perform extra jobs such as separatinn
components of a mixture or measurinq
interactions between a solvent and sub­
stance or between particles of a substance.

Wouldn't now be a good time to consid,=r
up-doting your electrophoresis facilities?
For further Model 238 information, wde
to Instrument Division, Perkin - Elmer Cor­
poration, 751 Main Avenue, Norwalk,
Connecticut.
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