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Two All New Fiberglass Fume Hoods

Joining the already familiar and popular
Lahconco Fiberglass-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
back, 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
ma:ntaining the smooth, unbroken line of the
interior. Comes complete with all utility con-
nections. Costs only $1185.00. Motor and

blower are extra. Dimensions: 70" wide x 60"
high x 34" 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.

The familiar Fiberglass-47 has a built-in
motor, blower, light, and sash . . . comes ready
to mount and plug in. Costs just $495.00.
Size: 47" wide x 60" high x 29" deep.

For complete information contact your
dealer or send for a
colorful new 32-page
brochure.

Write Labconco,
8315 S. Prospect,
Kansas City, Mo.

LABORATORY CONSTRUCTION COMPANY

Circle No. 56 on Readers’ Service Card



WE'VE
SQUARED
AWAY

00000068 6E0w T
\ 1000000066 E 0w
10000000000 OW UG

YT Y OO G & W b

/60600808086 6w
;07 o000 Coi’ofcm&léo € 854
}oui’o(o( 0 6o
90000 @@ @@ ece i
n’* s0seeee e

T j9000e0ee CCL T

THE FRACTION COLLECTOR!

A

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.

Beckma n° INSTRUMENTS, INC.
SPINCO DIVISION

PALO ALTO, CALIFORNIA

International Subsidiaries: Geneva, Switzerland; Munich, Germany; Glenrothes, Scotland; Paris, France; Tokyo, Japan; Capetown, South Africa
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This Month’s Cover is based on
the theme of the 16th Annual
Analvtical Summer Symposium:
metal chelates. A summary of
this meeting, held in June at The
University of Arizona, begins on
page 1994.
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@ YEAR WARRANTY

automatic fraction collectors

Rugged dependability, now backed up by LKB's 3-ycar
written warranty on the 3400B RadiRac® fraction
collectors. This warranty mercly corroborates the find-
ings of users in laboratories throughout the world
where RadiRac fraction collectors ate judged to be a
paragon of reliability. Here is what the Institute for
Enzyme Research at the University of Wisconsin
reported: “We've been able to move these wnits in
and out of the coldroom with no accompanying diffi-
culties due to changes in temperature and humidiry.
T'he other point of considerable importance is that
althongh these units have sat idle for months at a time,
whenever they have been put into operation, they have
functioned perfectly”

The wide range of RadiRac sub-units form a flexible
system of fraction collectors, from the simplest to the
most advanced set-up. Assemblics for collection by
timed flow, volumetric siphoning or drop counting
are available. Special components, such as sectional
tube racks for 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 Micropump, clectrophoresis columns,
and sensitive flow-analyzers such as the Conduc-
tolyzer, Uvicord UV Absorptiometer, and Multichan-
nel Absorptiometer.

Lor complete information and details on warranty, write for Literature File 5900 A12,

LKB Instruments Inc., 4840 Rugby Ave., Washington 14, D. C.

International Headquarters: LKB-Produkter AB, P.O.B. 12220, Stockholm 12, Sweden
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ning the race for tomorrow’s

cientific discoveries, Duralab de-

_signers are singularly devoted to

providing for every possible demand
of our pioneers in science.

Another important consideration in
the manufacture of laboratory fur-
niture anc equipment, is a rugged-
ness that will shrug off abuse —
stand up to constant and unrelent-
ing usage.

These are the features tantamount
to creating ... You'll find them in
Duralab. s

Write for new
fully tllustrated
catalog.

DURALAB EQUIPMENT CORP. 303 Staniey ave

® Brooklyn 7, N. Y.

Manufacturers and Designers of Laboratory Furniture and Equipment
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W- CONTINUOUS-FLOW ELECTROCHROMATOGRAPHY
THAT'S FAST, EASY, EFFICIENT, ACCURATE —

ir's THE MISCO CR-1 SPECTROLATOR.

SCIENTIST
POURING IN
WHOLE
MACROSCULES

]
PURIFIED

S -
R Q§ Q @ S & MACROSCULES

THE CR-1 IS A RESEARCH NECESSITY

SEPARATED
MACROSCULES

%lo)
O
s5%

OJ000
0009

SCIENTIST
GATHERING
COLLECTED
MACROSCULES

TOPS FOR CONTINUOUS SEPARATION—TOPS FOR PURIFICATION—TOPS FOR COLLECTION

The MISCO CR-1 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 prob-
lem in any of these or related fields, call or write us.

UNIQUE FEATURES OF THE CR-1

® Increased power for greater resolution in separations. 3,000 v
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.)

MICROCHEMICAL SPECIALTIES (0. ==z amn =
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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 A new top-loading balance
with << + 2 mg precision

For the first time a balance It is ideally suited for If you would like to try this

offers the ruggedness fechnical analyses, prepa- new balance, or want

and easy accessibility of a  ratory chemistry, weighing-in, more detailed information,

top-loading pan, the fast serial checkweighing, contact your Mettler dealer

readability of a 10 gram batching and weighing-out.  now, he will be glad to

optical scale and precision arrange a demonstration

of < = 2mg, capacity120g. or trial.
Mettler 20 Nassau Street
Instrument Corporation Princeton, New Jersey
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AC BRIEFS

Highlights

of the scientific and technical articles in this issue

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

Various aspects of the role of metal chelates in analytical
chemistry are discussed. Charged metal chelates are used
in titrimetry, as masking agents, and in ion exchange
separations. Uncharged metal chelates are the basis of
separations by precipitation, solvent extraction, and
chromatography. Colorimetric, spectrophotometric, and
radiochemical procedures for metal ions are outlined.

QUINTUS FERNANDO, HENRY FREISER, and EDWARD N.
WISE, Department of Chemistry, University of Arizona, Tucson,
Ariz.

Anal. Chem. 35, 1994 (1963)

Kinetic Origin of Tailing in Chromatography

Jquations are given for an idealized model for failing.
Concentration profiles are obiained and plotted for both
clution and nonelution chromatography. Tailing 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.

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 establish conditions for oplimum separation, the effecis
of flow rate, temperature, sample size, type of polymer,
and both kind and concentration of liquid phase were
studied. Superior 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 interface to the plate height has been evaluated for
the basic forms of chromatography. It is shown that with
the exception of liquid-liquid chromatography, this effect
is negligible in comparison with other band-broadening
mechanisms 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

Carbon and sulfur are determined on a silica gel column
after combustion. Combustion products are eluted by
temperature programming. A thermal conductivity de-
tector and an integrator are used for detection and
recording. Complete analysis time is 17 minutes. Stand-
ard deviations ranged from 0.02 to 0.001 for carbon in the
0.011 to 328% range. Sulfur compositions from 0.011 to
0.329% 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 0.00059 carbon. Eight
different NBS steel and iron samples with carbon con-
tents between 0.011 to 3.28% were run. The time required
1s 20 minutes per sample.

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

Anal. Chem. 35, 2017 (1963)

Programmed Gradient Elution Chromatography
with the Steroid Analyzer

A gradient pumping system which permits the polarity of
the eluting solvent to be varied at will is used for the
controlled separation of adrenocortical hormones. Ex-
amples are given of the use of selected programmed
gradients with seven adrenocortical hormones and beef
adrenal 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

Quantitative analvsis of Cs through Cu aromatics is
accomplished using polar substrates in capillary columns.
Comparative elution data and spectra of several polar
substrates are given. The study includes over 30 avail-
able 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.
Anal. Chem. 35, 2022 (1963)

Qualitative Analyses of Naphthalenes by
Capillary Gas Chromatography

The analyses of naphthalenes, monosubstituted naphthal-
enes, and disubstituted naphthalenes through Ci.. were in-
vestigated using combination analytical techniques. A
gas chromatograph with capillary columns, a high tem-
perature flame ionization detector, and a special heated
inlet system resolved the 15 naphthalene compounds in-
vestigated.

JOHN Q. WALKER, Barber-Colman Co., Pasadena, Tex., DAN L.

AHLBERG, Research Division, Signal Oil and Gas Co., Houston,

Tex.

Anal. Chem. 35, 2028 (1963)

Column Partition Chromatography of Vitamins
A and D on Fluoropak 80

The stationary phase is Fluoropak 80 impregnated with
iso-octane and the mobile phase is aqueous methanol.
The system is reversed-phase column chromatography.
Ixamples of the use of this column for the separation of
vitamins A from D are given.

PHILIP S. CHEN, Jr., A. RAYMOND TEREPKA, and NANCY
REMSEN, Department of Radiation Biology, University of

Rochester, N. Y.
Anal. Chem. 35, 2030 (1963)
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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 achieved using silica gel as adsorbent.
Elution is accomplished successively with chloroform and
mixtures of chloroform and ethyl ether, acetone, or
methanol. Results obtained with a number of three- and
four-component mixtures are described. General rule
that more hydrophilic material requires more polar solvent
to elute is followed.

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

Anal. Chem. 35, 2074 (1963)

Separation and Determination of Iron(ll) and
Iron(11l) with Anthranilic Acid Using Solvent
Extraction and Spectrophotometry

Iron(III) forms a precipitate with anthranilic acid which
can be extracted into organic liquids, leaving iron(II)
behind. Absorbance of the iron(III) anthranilate is pro-
portional to the amount of iron(III) present. Relative
error for the method is 2%.

DONALD L. DINSEL and THOMAS R. SWEET, Department of
Chemistry, McPherson Chemical Laboratory, The Ohio State
University, Columbus 10, Ohio

Anal. Chem. 35, 2077 (1963)

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 lon
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 Silver(l) 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 40 X 10°M. The general characteristics
of graphite electrodes were evaluated.

S. P. PERONE, Department of Chemistry, Purdue University,
Lafayette, Ind.
Anal. Chem. 35, 2091 (1963)

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 19, (expressed as relative standard
deviation).
A. M. HARTLEY and R. M. BLY, Department of Chemistry and
Chemical Engineering, University of Illinois, Urbana, IIl.

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 10°M.

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

Anal. Chem. 35, 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(Ill),
Praseodymium (111), and Ytterbium (1) in
Anhydrous Ethylenediamine

Anhydrous Yb(III), La(III), and Pr(III) acetates in an-
hydrous ethylenediamine gave a double irreversible wave
for Yb (—0411, —0.747 volt) and single irreversible
waves for La and Pr (—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 109 relative error.

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

Anal. Chem. 25, 2112 (1963)

VOL. 35, NO. 13, DECEMBER 1963 ¢ 13 A



®

osemATE

®

sTno0y

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
overs, 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
makes the matchless 600 Series modular gas
chromatograohy system. (It costs more, of course,
but you can’'t buy a better one at any price.)

Write us. We'd like to send you complete details. 200 SOUTH GARRARD BLVD. » RICHMOND, CALIFORNIA
Circle No. 89 on Readers’ Service Card

{ RESEARCH
 SPECIALTIES CO.

14 A o ANALYTICAL CHEMISTRY



Determination of Some Heavy Metal lons by
Complexometric Titration with Sodium Azide

Indicator
Copper and iron are determined in acid solution by titra-
tion against (ethylenedinitrilo)tetraacetic acid (EDTA)
using sodium azide as an indicator. Zn, Al, and Ni can
also be determined by back-titrating the excess EDTA
added against a standard copper solution, using the
azide as an indicator.

F. G. SHERIF and B. |. RAAFAT, Chemistry Department, Faculty

of Science, University of Alexandria, Alexandria, Eqypt, U.A.R.

Anal. Chem. 35, 2116 (1963)

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

The extraction gives a distribution ratio of over 200
between chloroform and aqueous phases. Over 90% of
Mo can be separated in one extraction when only 0.1
ug. 1s present 1n 1 liter of aqueous phase. Bone can be
ashed at temperatures up to 850° 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(l)
Using Rubeanic Acid

The molecular formula of the complex is determined by
the method of continuous variation and the probable
structure of the complex is indicated. The method is
applicable in a concentration range of 2 to 12 p.p.m. of
Cu(I).
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 ether, the molvbdosilicic acid is stripped with a
basic buffer solution. The absorbance of the aqueous
molybdate solution is measured at 230 or 210 mg.

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-1,10-phenanthroline)-and
Bis-(4,4',6,6’-tetramethyl-2,2"-bipyridine) -
Copper(l) lons

The absorbing species in solution for the determination of
copper using 2.9-dimethyl-1,10-phenanthroline (dmp)
and 4,4’,6,6'-tetramethyl-2,2’-bipyridine (tmb) are the bis
complex ions, [Cu(dmp):]* and [Cu(tmb).]*, respectively.
Interferences are discussed.

J. R. HALL, M. R. LITZOW, 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 compounda, 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 0.1-p.p.m. level is determined using
Calcichrome, cyvclo-tris-7-(1-azo-8-hydroxynaphthalene-3,
6-disulfonic acid. At pH 12 and 615 mu, 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”n. ecm.® second™. After simultaneous separation of
niobium and tantalum, niobium-free tantalum is extracted
with I-pentanol(n-amyl alecohol). 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 oxygen are evaluated. Chemical
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. McKAVENEY, Central Research Laboratory, Crucnble 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. The standard deviation among 19
successive samples was =#0.002 when the O* abundance

was about 02%.

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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A Mass Scale Based on CH, — 14.0000 for High
Resolution Mass Spectrometry of Organic
Compounds

The advantage of this scale is that ions differing by one
or more CH. groups have the same mass defect. Tables
of mass defects for combinations of H, C*, C*¥, N, O, $%,
and S* are given.

EDWARD KENDRICK, Analytical Research Division, Esso Re-
search and Engineering Co., Linden, N. J.
Anal. Chem. 35, 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 025
mass number up to mass 250.

E. M. THOMASON, Instrument Department, Hydrocarbons Divi-
sion, Monsanto Chemical Co., Texas City, Texas

Anal. Chem. 35, 2155 (1963)

Ultramicrodetermination of lodine 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 0.015 to 045 ug. was determined with a
relative error of about 1 to 2%.

H. Y. MALMSTADT and T. P. HADJIIOANNOU, Department of
Chemistry and Chemical Engineering, University of Illincis, Ur-
bana, Ill.

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 e 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 lon 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 H:O and titrating
are given.

FRANK X. POLLIO, Rohm & Haas Co., Philadelphia, 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 vs. fre-
quency.

HARRY V. DRUSHEL, A. L. SOMMERS, and ROBERT C. COX,

Esso Research Laboratories, Humble Oil and Refining Co., Baton

Rouge, La.

Anal. Chem. 35, 2166 (1963)

Determination of Propylene in
Ethylene-Propylene Copolymers by Infrared
Spectrometry

Copolymers of ethylene and propylene yield vinyl and
vinylidene unsaturation on pyvrolysis. 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 19 of the theory.

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 ug. of nitrogen (as ammonia) can be determined
by the described method. Absorptivity of colored solu-
tions is constant with NHs concentration from 0.1 to 1.5
ug. per ml. Those solutions too dark for direct spectro-
photometric determination may 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 new 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 dyes, 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)
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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 24-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. Chem. 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. Chem. 35, 2194 (1963)

Determination of Normal Alpha-Olefins by
Hydrobromination

Normal alpha-olefins in olefinic mixtures within the
C.—Css range may be determined with a relative error of
13%. 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. Chem. 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 02 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. Chem. 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(n,p)N. 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 YOLBORTH and H. E. BANTA, Oak Ridge Institute of
Nuclear Studies, Oak Ridge, Tenn.
Anal. Chem. 35, 2203 (1963)
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MODEL !!F!!

HAAKE
CONSTANT

TEMPERATURE
CIRCULATOR

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 *=0.01°C. Pumps 2% 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.

BRINKNMANIN

CANTIAGUE ROAD, WESTBURY, N.Y. 11580
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;,/ New detector adjusts
~ for cross section or
electron attachment response

; Barber-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 sensitivity and linearity are obtained with Hs carrier gas in the cross section mode.
Still higher sensitivitiss 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 Detector is usable with all Barber-Colman instruments, including the new
Series 5000 Selecta-System. Write to Barber-Colman for further data.

4 |
Detector: Model 5120
IPM 1/3 Sample: Amino
. Acid Deriv.* Size 1.0 ul.
Volt. 37.5, Range 1x10—*
Carrier N2 Lig. Phase
{ 4% NGS, Anakrom ABS
{ Col 1 Gl ot
Detector Model 5120  IPM 1/3 ODu7rrI\11r:n,cl-;Da§Sr;1?rﬁ :
Argon Carrier Volt. 9 Range: 6x10— | Temp. °C: Col. 227,
[ Column: 5’ x 1/4” Al. tubing, 13X g'-: 300,ﬂDtr. ggg |/mi
i olumn flow ml/min.
“T”"L sfée-’cso-lm ""ZS"L Electrode Spacing—10 mm.
F|E-m;-).4 .l ol. 40; dtr. 190 ‘ h *DNP Esters 5 nanograms
ow: 40 m /mn'w, ] 1. Solvent..Methanol
Electrode Spacing—1 mm. ) 2. Glycine
3 L : 3. Valine
1. 1.6 ul. He SRR N N 4. Isoleucine
2. 0.3ul. O:
3. 2.3 ul. N2
4, 0.8ul. CO
5, 0.02 ul, CHs
Detector Model 5120 1PM 1/3 Electrode Spacing ~ Sample: Insecticides
3 Mt Casis Ytk 50 —10 mm. Size 0.5 ul
elium Carrier Volt. Dtr.: Model 5120
Range 3x10~", at x 1 Range:1x10—* Volt. 40
Column: 5" x 1/4" Al tubing, 13x ;éq£623%33:2'1 )/3% S.F.
i ' . c.s.
_I.\-dol. Snoeve, 60-70 mesh : Carrier 10 psi N2
emp. °C: Col. 40, Dtr, 190, 3 l ““ Col.: glass Length 2’
Flow: 40 ml/min. I 7 is s OD 5mm ID 3mm
£l ing— : f [l Temp. °C: Col. 180
ectrode Spacing—1 mm ‘ ‘!,‘ F.H.240 Detr. 180
' §1 i Flow: (ml/min.) Col. 55
2 1. 2.0 ul, Hz | it rl Scav.0 Split0 *100/110
2. 0.1 ul. O2 | ‘ ‘ [ Anakrom ABS.
3. 1.9 ul. Ne I ;‘ ‘ | 1. Solvent Heptane CiH1s
4. 1.0ul CO ) I | e
o i 1 i 0.055 ng. CsHsCls)"
i | v\ 3. Parathion
2 (q i 1.2 ng. C1oHi«NOsPS
| ! 4, Sulphenone
s [ [ 0.42 ng. C1zHsCI02S
I\ Bt ] 5. Ethion
- . — APNU AT AN e 9.0 ng. CsH204P:S:
! 6. EPN
3 s s 2 3.1 ng. Ci«HisNOsPS
ARGON CARRIER HELIUM CARRIER, x8 HELIUM CARRIER, x48 FHULES s **1ng.=1x10"°g.

Ml BARBER-COLMAN COMPANY

CULMAN 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.
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New NAPCO 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. Convanient door handles and
card holder.
. Self opening and closing
latchless doors.
5. Clean, uncluttered interiors.
6. Adjustable glides for leveling.

n

Refreshing design features and
impressive performance show you that
sthe 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.

Incubators |

NATIONAL APPLIANCE CO.

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

1000 SERIES

Wa'ter baths




Jonn Gillis (se’h“,t‘afd}. Supervisor,
Analytical Laboratory, and Grant
W. Pearcy, Manager, Headquarters
Quality Contro§gsﬁ9wn with Agtron
fiour processig

anit at 5D

S/P 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 other form. This extremely accurate unit
projects the slightest color changes over a 100-
point spread 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. C6930—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: Hoffmann-Pinther & Bosworth, S, A.
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Gammascope

100-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 GAMMASCOPE will complete a
spectrum analysis much faster — with less difficulty in set-up and
calibration—than any single-channel system. The GAMMASCOPE
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:

me

Time-saved — The GAMMASCOPE, 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 GAMMASCOPE 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 GAMMASCOPE 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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JUST 18 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? Qur 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.

e BRINKMANIN
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6733 6722,3 6746 6754

A complete line of room-temperature
H3 31% at 40 cpm liquid scintillation systems—write for details.

14
c 78% at 30 l:llm MODEL 6733 —a semi-automatic system for use with

These are room-temperature dif- your present scaler. $4,375.

ferential counting efficiencies MODEL 6723—a 50-sample automatic system with
and backgrounds. This excellent two scalers and lister/calculator. $10,800.
CUCHUELECRCIERECIIECI  VODEL 6722—as 6723, but with lister only. $9,900.

complishment for all of these
Nuclear-Chicago liquid scintilla- MODEL 6746—a 50-sample automatic system with

tion spectrometers. Each system single scaler and lister. $7,750.
includes a 3-channel analyzer. MODEL 6754 —a semi-automatic system with single
scaler. $6,350.
[ J
- nuclear-chicago
| |oepenpasLe CORPORATION
\‘/ | SERVICE /
EVERYWHERE 351 East Howard Avenue, Des Plaines, Illinois « Telephone 312 827-4456
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Most sensitive and most easily used instrument
for the analysis of trace impurities in solids.

Particularly useful in such fields as:

METALLURGY

Rapid sample comparison

Zone refining checks

Quantitative trace impurity analysis

Correlation of impurities with physical properties
Pure metals research

Investigation of special alloys

SEMI-CONDUCTORS

Raw materials analysis

Measurement of impurity reduction after zone refining
Examination of material in final manufacturing stages
Checking doping of semi-conductors

REACTOR MATERIALS

Analysis of core, cladding and fuel material for the
presence of impurities with high néutron capture
cross section.

MS7 MASS SPECTROMETER

high sensitivity

better than one part per billion for many elements

rapid analysis

less than one hour to detect one part per billion,;
15 minutes for one part per million
uniform semnsitivity

ionization rate is essentially the same for
all the clements

simple data presentation

photoplates record all elements simultaneously

L] 3 )
hlgh I'eSOIIJ.tIOIl The AEI MS7 Mass Spectrometer is marketed by us in the
= ll){.S}:A.)?(l){ deéails, call an);’vlocal IE’icker r:I)lﬁceYor write
> . " 3 icker X-Ray Corporation, White Plains, New York.
) o
double focusing separates background from Inquiries from arcas outside the U.S.A. should be di
= . rected to Associate ectrical Industries Export Ltd.,
trace element lines Manchester, England, for prompt handling. B

ease of operation

does not require a highly trained technician
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REPORT FOR ANALYTICAL CHEMISTS

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

NE oF THE MosT difficult prob-

lems facing the analytical
chemist today is that of explaining
to others just what analytical chem-
istry is.  Much 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 we compare the synthetic
organic chemist determining the
structure of his product by infrared,
NMR, and mass spectrometry with
the analyst preparing, purifying,
and isolating silver chloride pre-
paratory to weighing 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.
The subdivision of chemistry into
several  fields—analytical, inor-
ganie, organie, and physical, for ex-
ample—has, nonetheless, real util-
ity, even though precise definitions
of these fields are difficult to formu-
late. An unfortunate consequence
is, however, that without a clear
definition the individual substitutes
an image, and this image may be
distorted or even damaging.

We 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 physies. 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
18 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 done 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-
duction 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
same 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
solvents, 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-
component 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
vet—develop methods suitable for
the determination of his components
in cach 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
himn great personal satisfaction. I
also see the problems as having
two parts of dissimilar attractive-
ness. For me the interesting part,
the aspeet of the problem that rep-
resents a real challenge and calls
for imagination, orginality, and
creativity, is the development of
the method which makes a solution
to the problem possible. 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 T find quite unexciting. Here
is a real difference in outlook, and
it is one thing which characterizes
the analytical chemist and makes it
necessary to consider analytical
chemistry as a discipline separate
from the other 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 analysis of things
as they are,” as one of iy 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 rauch of the theory available
todav 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 distine-
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—
academie, 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. We
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 chem-
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
titrations, radiocherical analysis, and statistical methods. Dr. Hume
hzs also been extremely active in modernizing the teaching of analytical
c-emistry and has oeen 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
Fh.D. in 1943 from the University of Minnesota. During the war, Dr.
Hume worked with 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
rnember 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 any one
plan which is suitable for all. T 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 1t 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

New Se S
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for use in chemical analysis
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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
FEEEEEENEEERENWH
. CARL SCHLEICHER & SCHUELL CO. .
. Keene, New Hampshire, Dept.AC-alzl
. Send me your FREE ]
Ll

[ S&S Filtration Chart [
[J S&S Membrane Filter Catalog N

|
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l Company. B
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[ | City. Zone State [ |
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MODEL
160

with
undivided

tare

heam

32A

ONLY OHAUS
HAS 2610 GRAM CAPACITY BUT . ..

: There are many other reasons why those who weigh
their decisions carefully SPECIFY OHAUS! Here is a pre-

cision halance suited to a wide range of general lahora-
tory and industrial applications. Exclusive OHAUS versa-
tility makes available undivided tare beam and poise,
avoirdupois standards, plus a choice of commodity plat-
ters. Choose plate, removable pan or scoop of stainless
steel or even a 9” dia.x5” deep animal subject hox.
Stainless Steel relief etched tiered heams, and epoxy
enamel finishes assure maximum corrosion protection.
Readings are faster with true sliding type poise which
eliminates secondary heam oscillations. Readings are
more accurate because end reading device eliminates
parallax error. Add these to other features experience
has taught us you demand and we are confident you
will also choose OHAUS . . .

- the LEADER WHO INVITES COMPARISON!
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$24.50
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MODEL 707
ATTACHMENT
WEIGHTS

$5.50
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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 erisis in analytical
chemistry. 1 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-
tive pecuniary reward of analytical
chemists today with those of twenty
vears 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-
tive. we actively contribute to the
improvement of our professional
standing. END u
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Impurit es often become a part of the crystal lat-
tice of the dominant materiz.. The yellow spheres
in the representation of the structure of crystalline
sodiur chloride denote brom 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.

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.

. 2 i > ~d
‘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.




Woni-wi
fistributors

01 J.1. Baker
Laboralory
Ghemicals

Well-balanced inventories of ‘Baker Analyzed’ reagents, laboratory equipment and apparatus are available in your
local area. You're assured of fast delivery and on the exact date you specify. You also benefit from the personal-
ized service cf a laboratory supply representative . . . he's a good source of information on the latest laboratory

chemicals and equipment, and he’s experienced

in solving difficult or unusual problems.

ARGENTINA
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Cia. Sudamericana De
Industria Y Comercio
S.A. “INSUD”

AUSTRALIA
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HOBART, TAS
MELBOURNE
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SYDNEY
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Almacen Padco Ltda.
COSTA RICA
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J. T. Baker Chemical Co.
Phillipsburg, N.J.

Please send me a copy of ‘520 Spec-
ification Catalog and Price List.”

DENMARK
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FINLAND
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G. W. Berg & Co.

FRANCE
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Seppic
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Canha & Formigal,
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Miller and Wixley
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SALISBURY
John Beith (Rhodesia)
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EL SALVADOR
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Escovel Distribuidora
(Dr. Hector Escobar
Velado)
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REPUBLIC OF
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Services
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C0 e Beads .

EXTEND THE USEFULNESS OF
GEL FILTRATION IN ANALYTICAL
AND PREPARATIVE OPERATIONS

Effluent delivery
rates increased full
order of magnitude

Improvements in the production of
SEPHADEX now permit this useful
cross-linked dextran material to be
supplied in the form of spherical
beads. Substitution of the new beads
for the irregularly shaped particles
in which SEPHADEX was heretofore
available (see Figure 1) results in far
more uniform hydrodynamic condi-
tions within SEPHADEX columns.
Tangible results? Flow rates are
greatly improved with remaining
good resolution.

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 cm.
diameter column of coarse grade
SEPHADEX G-25 under a head of 60

For full informa-

cm. 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.

Pressure drop vs. flow rate
for SEPHADEX G-25
3
1 Irregular
§ : particles,
2 H 3 fine grade
x ! 2 ’ 2 New beads,
Q | ,-l I/ fine grade
]é ] i / 3 Irregular
A ' S / particles,
a |1 / 7 coarse grade
e i / 7 4 New beads,
oY # coarse grade
o ] 4 g
5 | ,,l 7
g : i !
R
1 2 3 4
flow rate (ml/cm? minute)

@ PHARMACIA FINE CHEMICALS, INC.  Ac-2

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 heads

Bed
SEPHADEX | Exclusion Size Volume
Type Limit (MW) | Grade | (microns) | ml/g

*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.

| |
I |
PHARMACIA tion on the use of | Department BD, 501 Fifth Avenue, New York 17, New York |
LEADING IN DEXTRAN SEPHADEX in gel | NEW NEW |
CHEMISTRY filtration, send the | “SEPHADEX": A Unique “SEPHADEX in Gel Fil- Gel Filtration |
coupon with your | Substance for Modern tration”’: Theory and Literature |
letterhead. | Chromatography Experimental Technique Abstract Cards ]
(Inquiries outside I Name I
the Wesltzem - : |
Hemisphere shou

be directed to | Company {

PHARMACIA, i
Uppsala, Sweden.) Address Jl
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DEPENDABLE, LOW-COST ANSWER TO
YOUR LAB INSTRUMENTATION NEEDS

THE ELECTRONIK 18 RECORDER

The ElectroniK 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 eryosurgery—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 particularly 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 detaii during an analysis. This is done with
the flick of a knob; with no interruption of the record
as chert 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 tc 25,000 ohms source

Dynamic Response: Flat to 4 cps at 10% p-p

Pen Speed: 1-second full scale

Rebalancing Element: Honeywell standard slidewire
Balancing Motor: Honeywell standard sectionalized motor
Amplifier: Fully transistorized

Constant Voltage Supply: Zener diode
Adjustments: Variable gain and damping controls
Chart: Calibrated width 6 inches, 126 feet long

Chart Drive: Single base speeds from 17 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 Disc Integrator, providing pulse signal output
for actuation of electrical or mechanical counters, printers,
and stepping riotors, and to feed electronic data systems.
Price (1) $585.00; (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 not needed, so specify and deduct $5.00.

Type ll—Model #18301856-01-37-0-000-(560)-07-053
Range and Chart: Same as Type | 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 lll—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. Con-

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

Honeywell

HONEYWELL INTERNATIONAL Sales and service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan.
Circle No. 68 on Readers’ Service Card
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Sample in at 10:05

7

Number-Average Molecular Weight Minutes Later

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 oftf changes down
to 0.01 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

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° C operation. The product
bulletin is contained entirely within four highly inform-
ative pages. Write for your copy today from:

*Shell Development Company design

I'IKAINEN

Dept. AC /1341 Seventh Street / Berkeley 10, California
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if you
can determine
[
molecular weight

of thi

in
minutes

—-YOUR NAME IS PROBABLY ON
OUR LIST

Dur list* includes:

2 Research Institutes
15 Industrial Polymer Lahs
3 Elastomer Research Labs
3 Medical Research Institutes
1 Nuclear Research Lah
1 U.S. Military Research Lah
2 Aerospace Lahs
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, 5°-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 ...

“advanced instrumentation for increas-
ing labcratory productivity”
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ANALYTICAL

Winter Gordon Research

Conference

HE WINTER GORDON RESEARCH

CoNFERENCES will be held from Jan-
uary 27 to February 7, 1964, at The
Miramar Hotel, Santa Barbara, Calif.
The conferences, designed to stimulate
research, hold informal type meetings
composed of scheduled lectures and dis-
Cussion 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, TUniversity of
Rhode Island, Kingston, R. I., and re-
quest application forms.

PROGRAM
POLYMERS
Maurice L. Huggins, Chairman

Bruno H. Zimm, Vice 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, I
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 Olefins, 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.

Fotated 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-
ticular interest to chemists is the pro-
egram of Section C—Chemistry. Two
symposia are planned; chemistry of
radical 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.
More information is available from Dr.
S. L. Meisel, Socony Mobil Oil Co.,
Paulsboro, N. J.

LSU Symposium

The 17th 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 topies of current interest. Time
will be provided for questions and in-
formal discussion.

VOL. 35, NO. 13, DECEMBER 1963 e

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 that 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 Affsprung, Univer-
sity of Oklahoma.

Activation Analysis; Ultramicro Meth-
ods of Analysis. I. 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 I. Stephen, The University, Edg-
baston, Birmingham, England.
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UNBREAKABLE—They bounce beautifully

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
non-wetting surface drains dry . . . to the very last
drop . . . faster than ever before. You can autoclave
them 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
not 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.

Permanent markings read clearly forever

LABWARE

Leader in quality plastic labware since 1949

é’NALGENE

Visit our Booth Nos. 4212, 4214, 4218 at the 2Sth 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 provide 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 the 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 devices 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, University
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,
ete.

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
new office to serve the Midwest.
The facility will contain a complete
spare parts inventory and laboratory
and test personnel for instrument re-
pairs and modification. The address iz
5508 S. Brainard Ave., LaGrange, Ill.

Volk Radiochemical Co., Skokie,
111, and Isotopes Specialties Co., Bur-
bank, Calif., have merged. Marketinz
responsibility for both organizations
has been assumed by Volk.



NEWS

CALENDAR OF EVENTS

Shamrock Hilton Hotel,

19th Southwest Regional Meeting.

Dec. 5 Houston, Texas. Contact: M. A. Mosesman, Research and De-
to7 velopment, Humble Oil and Refining Co., P. O. Box 4255, Baxtown,
Texas.
American Microchemical Society. Chemists Club, New York City.
D 12 Subject: F.D. A. Concepts of Acceptable Analytical Procedures
ec. for Standards, Frank H. Wiley. Contact: R. A. Hofstader, Esso
Research and Engineering Co., Linden, N. J.
Dec. 26 American Association for the Advancement of Science Annual
® Meeting. Cleveland, Ohio. Contact: Dr. S. L. Meisel, Socony
to 30 Mobil Oil Co., Paulsboro, N.J. Page 43 A, Dec.

Jan. 7 to 9—Tenth National Symposium on Reliability and
Control. Statler Hilton Hotel, Washington, D. C. Contact:
I.. S. Gephart, Lockheed Missiles and Space Co., Dept. 64-01,
Bldg. 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-
ferences, University of Rhode Island, Kingston, R. I. 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 Materials, 1916 Race St., Philadelphia 3, Pa.

Feb. 27 to 29—Fifth Omnibus Conference on Experimental Aspects of NMR Spec-
troscopy. Mellon Institute, Pittsburgh, Pa. Contact: Mellon Institute, 4400 Fifth
Ave., 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,
Researeh 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 21—Second Annual Oak Ridge Radioisotope Conference. Gatlinburg
Civie 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 8—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—Symposium on Modern Methods for the Analysis of Organic Com-
pounds. Eindhoven, Holland. Sponsors: German Chemical Society and Royal
Dutch Chemical Society. Contact: Gessellschaft Deutscher Chemiker, Geschifts-
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: Structure of Polyatomic Radicals. Contact: Prof. Guy
Emschwiller, Société de Chemie Physique, 10 rue Vauquelin, Paris 5°, France, Page
75 A, Sept.

June 2 to 5—15th Annual Mid-America Symposium on Spectroscopy. Sheraton-Chi-
cago Hotel, Chicago, Ill. Contact: Elwin N. Davis, Sinclair Research, Inc., 400 E.
Sibley Blvd., 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 18—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,, 1, rue Gaston Boissier, Paris XV,
France. Page 67 A, Oct.

Coming Events

closed.

TIME-SAVERS
BY TROEMNER

1- Precision laboratory balance—
Model 410—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
$165.

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.

3- Specific-gravity chain balance—
Model S100—Ideally 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.

Henry Troemner, Inc.

22nd & Master Sts., Philadelphia 21, Pa.
Phone 215/POplar 9-6386
Circle No. 105 on Readers’ Service Card
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MERCK

3 pints (7.7 s} S pints (7.7 Ibs)

Spints (77 s}

Reagent b ts Reagent

CHLOROFORM ~ CHLOROFORM
BRANDM S8 MERCK

Reagent

CHLOROFORM
BRAND B

ONFORMS, T0 805 SPECIFICATIONS CONFORMS TO ACS SPECIFCATIONS : TOKFORMS 70 A C.S. SPECIFICATIONS

$1.24/r1. $1.24/r1. $1.19/p1.

To Chemists
who think that Merck quality costs extra

It doesn’t. Merck Chemicals may set the

standards that others attempt to follow— MERCK CHEMICALS SAVE YOU MONEY
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 BRANDB BRAND M
not have to sacrifice the extra quality. A Chloroform Reagent (AC.S.)  5pt. $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.) gpt. $.48 $.54 §$.52

Merck when ordering standard chemicals. Methvl Alcohol Anhvd
And if your need is for something special, ¢ Ry coto A (':] Sy b But S.44 S48 S .48
again it is smart to specify Merck. The eagent (A.C.S.) 3. ) )

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

Carbon Tetrachloride
For your copy of the Merck Laboratory
Chemicals Catalog, plus the name and ad- REgENTEA.C5) S B N RN
dress of your nearest Merck supply house, Toluene Reagent (A.C.S.) 8pt. $.45 $.49 S .48
write to: Quinton Company, Division of
Merck & Co., Inc., Rahway, N.J.

MERCK LABORATORY CHEMICALS
Distributed by

QUINTON COMPANY, Division of MERCK & CO., INC., Rahway, N. J.
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: BRASS
NuPRrRo BELLOWSE

VALVE

The NUPRO Brass Bellows Valve
is a new, compact, hermetically
sealed valve for use in all appli-
cations where absolute leak tight-
ness is necessary.

Helium leak-tight shutoff is ob-
tained with a Teflon coated stem
tip which insures the advantages
of a soft sealing valve without
incurring the usual disadvantages.

This NUPRO Valve can be used at

pressures to 600 p.s.i. and tem-

peratures to 300°F. Panel mount-

ing and back mounting provide

outstanding installation flexibility a
unusual in such a compact valve. e
SPECIAL FEATURES NUCLEAR PRODUCTS co.,‘ 15635 SARANAC L

= Hermetically sealed = Teflon*
coated stem tip = low. dead space
= SWAGELOK**Tube Fitting Con-
nections = Panel and back mount-
ing feature = Wear resistant
phenolic cap = helium leak tested.

#DuPont #*Crawford Fitting Company trademark
- © 1963 by Nuclear Products Company -




THIS IS PART OF
“THE NEW RCL

400 CHANNEL

PULSE HEIGHT
»  ANALYZER

WOULD YOU LIKE A DEMONSTRATION?

WRITE FOR FREE EIGHT PAGE BROCHURE

RADIATION COUNTER LABORATORIES, INC.

5121 W. Grove St. Skokie, Ill. U.S.A. TWX: 9675150, Cable Address RACOLAB / Phone YOrktown 6-8700
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2% Important News for NMR Spectrosbdpists

NEW Low-cosT ||NEMOTRON compuTeR
USES AVERAGING TECHNIQUE TO GREATLY

CAT 400 NMR PERMITS ON-LINE DETECTION OF TRACE
QUANTITIES OR SAMPLES OF EXTREMELY HIGH DILUTION

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.

TYP'CI. RES lEEn St CAtT 1(1100 NmR grga;ly incre?]ge: the signal-t(;—n_oise :jatioT ht;y
gitggsi‘gﬁ is eacpceorrlr?pligt‘llgg gn}ﬁnenlﬁigﬂgmﬁ:e :)sfr;]r? :{/era'gs:

THROUGH USE OF CAT 400 NMR ing technique

Analog signal amplitudes masked by low-frequency noise are
m ) converted into digital counts that are stored in 400 memory

\ M channels, starting from a known reference point. The counts
h YM' in each memory channel are added; the components phase-
% S L by \} locked to the reference point are isolated from the out of
il W WW‘WA phase random noise, which cancels out. The Spectroscopist is
| thereby provided with a clearly defined signal of the spectra

under investigation.

2:1. IMEROXEMENT The CAT 400 NMR includes circuitry providing for the elec-
bicycloheptadiene i tronic sweep of the spectrometer magnetic field, permitting

i 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

. 1 10:1 IMPROVEMENT i form for further computer analysis.
norbornene ' The entire averaging process is performed within the instru-

ment itself. Yet CAT 400 NMR is portable, weighing just 35

WITHOUT CAT 400 NMR WITH CAT 400 NMR pounds and occupying less than one cubic foot of bench space.

o : '

| = Shown ahove are “C patterns of the olefinic hydrogens from ligd it's dlow in cost!

At 13C in natural abundance. [P. Laszlo and P. von R. Schleyer, atente , . .
1. . Chen. Sa. 8, 2017 (1963 | A e e

= Development of the technique for using the CAT in chemical : s bl ’
applications of NMR and ESR is described by L. C. Allen and TECHNICAL MEASUREMENT CORPORATION

L. F. Johnson, J. Am. Chem. Soc. 85, 2668 (1963). These

2 authors summed 2500 spectral tracéS in CAT 400 and oh- -
tained a resultant spectrum for 0.004% ethyl benzene in ; c F']NEMOTRUN DIVIS'ON I

P &

! CCl, having the same appearance found for a 0.2% selution
» with a singie trace. i
1 g-gé%r)detzky.t Nd- f, r!ade ?ng ({bsj' P;isggﬁr,(ga}lure,hl_fﬂ,_gﬁii frad Division Sales Office: 202 Mamaroneck Ave., White Plains, N. Y.
| report detection of 0. iphosphopyridine | : . o :
| nucleoltlide) in 012 (alcoho: dehyd;ogtgnase)—qn E)t(pelr‘iment " Phonels'.‘ (Ezl.lli)o iiﬁ iMi (?13 761 5000t CCab!e.GMﬁiMOTRON
i that illustrates the importance of the averaging techniqgue : : Technical Measurement Corp., GmbH,
| in allowing the investigator to work with concentrations usu- o::;amzi;' ishesse 5:, Z’a"k:::ﬁ::;:t f:fma:l'/d‘
H er offices in principal cities T ) e WOri

ally found in biological systems.



IN BAIRD-ATOMIC’S
ADVERTISING”

says Dr. Davis R. Dewey, Il,
President, Baird-Atomic, Inc.
Cambridge, Massachusetts

“Most of the instruments we manufacture are used  three most important research markets (see below),
in research. This is why Analytical Chemistry plays  but it does so with a unique editorial atmosphere
such an important role in cur advertising program.  that engenders the efficient use of modern research
Not only does Analytical Chemistry best reach our  instruments and techniques.”

ATOMIC

“Analytical Chemistry provides us with
the direct route to the users of amplifier
— analyzers, scalers and timers, linear
ratemeters, and other products in our
complete atoric line.”

SPECTROCHEMICAL

“Analytical Chemistry reaches the
scientists who apply grating spectro-
graphs in inorganic analysis and direct
reading spectrometers in metal

analysis.”

LABORATORY

“Analytical Chemistry is read by the
users of such products as infrared spec-
trophotometers, the universal spectro-
photometer, the dichrograph, the flame
photometer, and optical interference
filters.”
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ANALYTIGA An American Chemical Society Publication
Advertising Management:
CHEMISTRY & REINHOLD PUBLISHING CORP.
430 Park Avenue, New York 22, N.Y.
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: Tﬁé assignniént of the cori’éct confi gurattdns "

- to a particular structure is one of the most
~ difficult problems of organic chemistry. In

- For example, the structure, 1, 2, 4, 5-cyclo-
hexanetetrol, corresponds to five dtfferent con-

_ or trans) of the four OH groups. All five of
~these stereoisomers have been isolated and
. thelr ccnﬂguratmns established by NMRT _

to the various stereoisomers which correspond

many cases, NMR provides an elegant and con-
venient method for making such assignments.

ﬁgurat:ons differmg in the arrangement (cis |

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).

IN THE WORLD
OF CHEMISTRY

1. For details see McCasland, Furuta, Johnson and Shool-
ery, J. Org. Chem. 28, 894, (1963) and references therein.

In spectrum 1 the signals from the four methy-
lene protons appear in a narrow (width less

than 22 cps) pattern at 2.33 ppm downfield L
from external tetramethylsilane. At 4.26 ppm
is a similar pattern due to the four 0-C-H ring

protons. The narrowness of these two patterns HDO OCH CHZ
reveals that little if any chemical shift exists

among the four methylene protons or among

the four 0-C-H ring protons. This lack of chemi-

cal shift suggests that rapid chair-chair inter- ,,J}
conversion is taking place resulting in 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 B’ 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-

SOLVENT D0

0-CH

lene protons are non-equivalent suffices to ! I . 1 : 1 r T : 1
allow the isomer giving this spectrum to be 5.0 4.0 3.0 2.0 1.0
assigned configuration B. PPM (8)

In addition to determining molecular struc-

tures, the Varian A-60 offers a rapid, non-

destructive means of identifying compounds, " VARIAN associate
functional groups, isotopic substitution sites, A

and components of mixtures. It is extremely PALO ALTO 4, CALIFORNI
useful in the study of hydrogen bonding, chem-

ical kinetics, tautomeric equilibria, and the

determination of total hydrogen content.

For additional information, please write the
INSTRUMENT DIVISION. In Europe contact
Varian A. G., Zug, Switzerland.




orelco

SERVING SCIENCE AND INDUSTRY
WITH

ANALYTICAL
INSTRUMENTATION

NORELCO 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
spacz age components. NORELCO means you can depend on this analytical instrumentation of unexcelled
quality to serve you i 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
merchandising efforts and public relations.

Try Norelco — you can’t buy better instrumentation.

When requesting catalog, please mention specific area of interest.
Write to
/% - /c ¢ | PHILIPS ELECTRONIC INSTRUMENTS

0 A Division of Philips Electronics and Pharmaceutical Industries Corp.
Dept.Al-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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COLORIMETRY
FLAME PHOTOMETRY

Now BaRii: (1] 12):4 @ Automated

A\alyzer®

‘The current great interest in fluorometric techniques is due in general,
to superior sensitivity and freedom froxfl interferences as compared with
_ more traditional methods. Now these unportant advantages are added to
. the AutoAnalyier system for automated wet chemical analysis. The new
Techmcon® Fluorometer module merely substitutes for the Light or

Flame Photometer modules in a matter of seconds.

...adding

AutoAnalyzer automated fluorometric methods closely resemble those
employed for colorimetry in that they are for the most part, modifications
of existing manual techniques. * They may be applied to rapid serial
determmatxons of discrete samples (at rates up to 60 per hour) or to
contmuous analysis of a flowing stream. In either case, the analytical
accuracy and reproducibility fully measure up to that achieved through
colorimetry and photometry on the AutoAnalyzer.

*“An Automated Fluorometric Method for the Determination of
Serum Magnesium” John B. Hill, Department of Pharmacology,
. University of North Carolina Medical School, Chapel Hill, N. C.
nals of New York Academy of Sciences, Vol. 102, Oct. 1962
ints avmhble on requesi fo TECHNICON

INSTRUMENTS CORPORATION
Research Park » Chauncey, New York
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Particle Size: Measurement, Inter-
pretation, and Application. R. R.
Irant and C. F. Callis. wvinw + 165
pages. John Wiley and Sons, Inc.,
605 Third Ave., New York 16, N. Y.
1963. 87.50.

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 Funec-
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 necessity need to treat
cach 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. (lement
Duval. Translated by Ralph E.
Oesper. zv + 722 pages. American
Elsevier Publishing Co., Inc., 52
Vanderbilt Ave., New York 17, N. Y.
1963. $22.
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NEW BOOKS--

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 chemist
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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Thin Film Chromatography. B The general acceptance and wide-
Vernon Truter. a2t 4+ 205 pages. spread use of “Thin Film Chromatog-
Interscience Publishers. Inc.. 6035 raphy” is evidenced by the increasing
Third Ave.. New York /6, N. Y. number of publications utilizing this
1963, 87.00. method.  The more universally aec-

cepted term for this procedure appears
to be thin layver chromatography. For
the =ake of uniform nomenclature, it
would appear advantageous to stand-
ardize in favor of the term thin layer
chromatography.

Truter’s book, in English, contains

Reviewed by B. Z. Senkowski, As-
sistant to the Director of Products
Control, Hoffmann-La Roche, Inc.,
Nutley 10, N. ].

Actual laboratoryra'pb ication showing Sargent Con-
stant Rate Burette with Magnetic Stirrer, pH RE-
CORDING ADAPTER, and Model SR Recorder.

For Recording pH

SARGENT pH RECORDING ADAPTER OFFERS

* HIGH SENSITIVITY

1 mllivolt per pH unit

e EXCELLENT STABILITY

o FLEXIBILITY

Output adjustable to give full scale
recorder deflection for 1 to 14 pH

e LOW COST

Extreme resistance in electrode 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 electrometer circuit—stable, linear and of high resistance—provides
smooth, non-interrupted conversion with output at maximum sensitivity approxi-
mately 1 millivolt per pH unit. Adjustable sensitivity and variable displacement
give flexibility in sett:ng pH range of the recorder. Accommodates standard
commercial glass and rzference electrodes.

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

Drift less than 0.01 pH/hour

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

Write for Bulletin RA _
Detroit 4, Mich. « Dallas 35, Texas * Birmingham 4,

2
SAR G E NT Ala. * Springfield, New Jersey * Anaheim, Calif.

SARGENT SCIENTIFIC LASORATORY INSTRUMENTS - APPARATUS : SUPPLIES - CHEMICALS
Circle No. 90 on Readers’ Service Card
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205 pages and serves as a general sur-
vey of the equipment and operational
techniques on this timely subject. Part
I (57 pages) deals with every phase of
thin layer chromatography from the
clean glass plate through the recording
of the chromatogram. The factors
which influence the mobility of the
sample on the plate are lightly dis-
cussed, such as adsorbents, application,
development sample size, detection, and
reproducibility of the R, values.

The author states that the optimum
sample load to be applied to a plate
should be about 10 ug. or less. This is
In many cases an impractical limitation
when studies concerning purity are
carried out. Part IT (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 au-
thor discusses the use of functional
group reactions on the chromatoplate
and chromatography of derivatives to
help characterize an unknown sample.
This section (10 pages) is very well
written and would be helpful to anyone
working in this area. An adequate
treatment of the quantitative evalua-
tion of chromatographed samples is
presented.

In the reviewer’s estimation, some of
the repetition that exists in Part T and
Part II regarding development and
letection could have been eliminated
through consolidation of the related
information. Part IIT (81 pages) de-
scribes application of thin layer chro-
matography and contains a section on
the Resolution of Groups of Related
Compounds (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 hook lists 282 references includ-
ing a number that appeared in 1962.
Many of the journals are not readily
accessible to the average laboratory.

This concise volume is recommended
to those who wish to introduce thin
layer chromatography to their work.

Infrared Spectra of Inorganic and

Coordination Compounds. Kazuo
Nakamoto. zit + 328 pages. John

Wiley & Sons. Inc., 440 Park Ave.,
South, New York 16, N. Y. 1963.
$9.50.

Reviewed by Stephen E. Wiberley,
Department of Chemistry, Rensselaer
Polytechnic Institute, Troy, N. Y.
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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 IO;LL 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 70INW/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 0.5/1/ to 500/ [ and other related chromatograph
equipment.

. . e . .

To: HAMILTON COMPANY, inc. - P.0. Box 307-B, « Whittier, Calif.

PR
il Clps aeraon e Send me a catalog on your complete line of syringes and related equipment

.., Jetterhead and mail
Name _Title
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Many texts dealing with infrared
spectrometry have appeared in the past
few years, but only one has dealt exclu-
sively with inorganic compounds, and
that book was bibliographic in nature.
Hence, this book which eritically 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
(Illustrated: New Portable Speedservo. Flush Panelgraph with 8”x 8” front also available.) molecules, but the main spectral fea-
tures are emphasized in a concise and
informative manner. There are several

N ew POI. t El;b]. e S p ee d Servo useful group frequency charts and, of

course, the omnipresent group char-

(fast, sensitive, simple, versatile) acter tables. o
The author’s writing is direct, clear,
New, high-speed, high-capability Portable Speedservo—another and to the point. This reviewer rec-
new generation ‘‘Graphline” instrument from Esterline Angus ommends this book as a valuable addi-
—designed to handle all your recording needs, tomorrow’s as tion to the library of chemists inter-
well as today'’s. ested in the spectra and structure of

High Speed: }% second full scale response. Records 4 cycle inorganic and coordination compounds.

signals without significant attenuation. Sensitive: 0-1 MV DC
without jitter. Many higher ranges. Accuracy % %. 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- Composition Tables. Data for Com-
venient: Dial 14 chart speeds from 34" per hour to 6” per pounds Containing C. H, N, O, S.
second. Input terminals, multi-range and feed selectors mounted George H. Stout. xi + 391 pages.
at front for convenience. Hinged doors provide easy access to W. A. Benjamin, Inc., 265 Broad-
writing system and re-roll mechanism. Less Maintenance: way, New York 25, N. Y. 1963. $6.
Simple linear motion pen motor (unique shuttle type, not ro-

tary); no strings, no pulleys. Zener reference voltage. Infinite These tables were planned to elimi-

resolution potentiometer prevents hunting. 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 +

In addition to the new Specdservo, the radically new EA
“Graphline” of rectilinear recorders includes both single and
two-channel DC Microammeters, DC Milliammeters, AC or /3
DC Ammeters or Voltmeters, plus inkless and ink-type event N; 0,0to10; N, 0 to 5.
recorders. Your inquiry is invited. If desired, Esterline Angus y All the molecular and atomic weights
will glad!y adapt standard iqstruments .t.o your'nef’eds, or de- < gi\'en as well as the per cent composi—
velop new ones for you. Write for new ““Graphline’” Brochure. X 2

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

E S T E R L [ N E A N GU S COIXpsléttegf preliminary tables provides

] o ) multiples of atomic weights for the
Excellence 1n instrumentation for over 60 years caleulation of analyses of compounds
Circle No. 44 on Readers’ Service Card

ESTERLINE ANGUS INSTRUMENT CoMPANY, INc., Box 596AC, Indianapolis 6, Indiana
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WM...THE NEW LOOK IN PLASTIC TUBES

The Autoclear tube — a new development by IEC LIST PRICE/ 100 TUBE CASE

— can substantially cut your laboratory tube

costs. It’s absolutely clear. Clear as glass. But it GAT-HO, DESCRIPTION il i
won't break. It's made of a special high impact 1648 15 ml, 16 mm x 114 mm 25.20 23.80 22.40
polycarbonate plastic. You can drop it. Step on it. 2810* 15ml, 15 mm x 119 mm 29.70 28.05 26.40
Hit it with a hammer — it just won’t shatter. You 1650 50 ml, 29 mm x 104 mm 31.50 29.75 28.00
can centrifuge it to 100,000 XG. Autoclave it at 2809* 50 ml, 29 mm x 133 mm 36.00 34.00 32.00
285° F. Re-use it over and over again. Autoclear “Conical Style

tubes are resistant to most laboratory chemicals.

And they’re cheap — not just economical — cheap. ; >
When you consider their low initial cost and long to125 ml. Have your |EC 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.

INTERNATIONAL @ EOUIPMENT CO.

300 SECOND AVENUE « NEEDHAM HEIGHTS 94, MASS.
Circle No. 140 on Readers’ Service Card
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PURE
MATERIALS

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
cetected 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,
Developers, Stop Bath Fixers and
Hardener.

“National” Electrodes. Pre-Forms,
Powders

24 HOUR SERVICE ON STOCK ITEMS

Dedicated to excellence in
research, development and
manufacture of precision

analytical instrumentation.

Fcr catalogs . clip the coupon,
attach to your company letterhead
and mail.

I
26 Farwell Street |
| Newtonville 60, Mass. |
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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 Milazzo. Translated by P. J.
Al v + 708 pages. American
Elsevier Publishing Co., Inc., 52
Vanderbilt Ave., New York 17, N. Y.
$20.

This is the first English edition trans-
lated from the Italian manuseript 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.
[t is suitable for non-specialists but
presupposes a certain minimum famil-
iarity with chemical and physico-chem-
ical concepts. Included are chapters
on electrolytes and electrolytic conduc-
tion, Galvanic cells, electrolysis and
electrochemical kinetics in aqueous so-
lutions, analytical applications, the
clectrochemistry of colloids and electro-
kinetic phenomena, general considera-
tions about electrochemical plants, elec-
trometallurgy in aqueous solutions, non-
metallurgical electrolytic  processes,
electrolysis in molten electrolytes, prac-
tical primary cells and storage batteries,
and the electrochemistry of gases.

Organic Electronic Spectral Data.
Vol. IV. 1958-1959. J. P. Phillips,
F. C. Nachod, editors. 1179 pages.
Interscience 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 IIT 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-
eanized according to the molecular
formula index used by Chemical Ab-
stracts and Beilstein. For the com-
pounds listed, the following information
15 given: name and formula; solvent
nsed; wavelength 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 the journal, page number, and
vear.

Spectrophotometric  Analysis of
Drugs Including Atlas of Spectra.
Irving Sunshine 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 nct in-
cluded since these are well documented
in the literature.

A screening procedure is presented
for isolating the drugs from blood for
further analysis. It is based on solvent
extractions of blood whose proteins 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 given
as chloroform solutions and as KBr
pellets.

The ultraviolet absorption spectra
index lists the drugs and indicates the
wavelength of their absorption maxi-
mums in my, other absorption peaks of
the same drug, absorption minimums,
and page number for the spectra. The
UV spectra show two curves; one for
the acid form of the drug and one for
the basie form.

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

Gas Chromatography 1962. 1/. van
Swaay, editor. Ui+ 411 pages. But-
terworth, Inc., 7235 Wisconsin Ave.,
Washington 14, D. C. 1953. $19.50.

This book contains the proceedings of
the fourth symposium organized by the
Fachgruppe Analytische Chemie of the
Gesellschaft Deutscher Chemiker and
the Gas Chromatography Discussion
Group of the Hydrocarbon Research
Group of the Institute of Petroleum,
held at the Auditorium Maximum,
Hamburg, Germany, from June 13 to
16, 1962.

Opening addresses and lectures given
by H. Kienitz, W. Drexelius, R. Siev-
erts, R. Kuhn, A. J. P. Martin, and
A. V. 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-
ratus and techniques including pro-
grammed chromatography, ecapillary
columns, mass spectrometric identifica-
tion, and process control using gas
chromatography. The last section con-
tains nine papers on applications.

The volume contains the panel dis-
cussions and includes the discussions
that ensued after presentation of the
individual papers.
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AnavyTicaL CHEMISTRY published a
symposium summary written by R. S.
Juvet, Jr., page 77 A, September 1962.

The Identification of Molecular Spec-
tra. 3rd edition. R. W. B. Pearse
and A. G. Gaydon. i + 347 pages.
John Wiley & Sons, Inc., 605 Third
Ave., New York 16, N. Y. 1963.
$18.50.

New data, recorded since the second
edition was published in 1950, through

This solenoid operated the end of 1961 have been included in
sampling or switching this volume. There are 84 molecules
valve is for process which appear for the first time, ob-
E:‘:om?ft‘;:?;:_ AG'_‘: servations and i_nformation have been
quest on your letter- extended for 135 molecules, and tables
head for Bulletin of persistent heads have been revised
G105-B will bring and increased by the addition of about

more information. 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
BATON ROUGE 15, LA. strongest heads of the more persistent
and better known band systems of each
molecule in order of wavelength, to-
gether with information as to origin,
intensity in various sources, and ap-
Circlz No. 66 on Readers’ Service Card pearance. The second section consists

» ™ B B : 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.
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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.

This is the newest volume in a con-
tinuing series reporting the proceedings

~ — _ ' ' o e of the annual conferences on applica-
FOR THE REALLY HARD JOBS | tions of xray analysis held at the
. Denver Research Institute. This book
BORON One of the best materials for hand | contains the papers presented at the
CARBIDE grinding-almostdiamond-hard, inert, conference held August 8 to 10, 1962.

. . . . Topies covered include x-ray diffraction

MORTAR r(?5|5tant tOIaSIdS a/r']d alkalis. Cavnty and fluorescence; analysis of radioac-
AND diameters. 12" to 3”. tive samples; analysis at cryogenic and
. high temperatures, and in vacuum;

PESTLE Sp_ecnal sets have offset handles for instrumentation and accessories; x-ray
SETS grinding on a microscope stage. diffraction methods for studying aero-

sols; on-stream analysis; nondestruc-

‘ ; tive testing; and other aspects of x-rav
l “ INDUSTRIES, INC. « 3880 PARK AVENUE « METUCHEN, N. J. analysis.
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U. S. Government
Publications

The following can be obtained from
the Office of Technical Services, U. S.
Dept. of Commerce, Washington, D. (.
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. $1.00.

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 deseribes 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
Energy 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

-

labOI'afdfy 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
sensitive means of analyzing many
kinds of samples for many elements—at a moderate investment in equipment.

Typical neutron generators used in the Activation
Analysis Service at General Atomic.

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, 459-2310.

GENERAL ATOMIC, DEPT. AA-35
P.0. BOX 608, SAN DIEGO 12, CALIFORNIA —
|

Please send me a Facility Design Brochure.

Name ___Title _—

Firm____ S ____Phone___ I
[

Address — Ext. f

GENERAL DYNAMICS

GENERAL ATOMIC DIVISION
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This Sulfrian 30 liter stainless
steel dewar is a breakthrough in

cryogenics. Liquid helium loss
rate is less than 70 cc per hour.
Send for engineering drawings.

Sulfrian also makes liquid ritro-
gen/oxygen containers, liquic hy-
drogen/helium containers, maser
dewars, free radical dewars and a
large line of low temperature
equipment. Send for 64 pagz cat-
alog and price list.

SULFRIAN

7 INC,

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 =0.02° C. has been achieved in large
oil baths.

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

A six-inch radius mass spectrometer
has been designed for use in low-mass
work such as for boron and lithium
analysis.  The design of the analyzer
tube ends permits rapid exchange of
ion sources and collectors with a mini-
mum of physical change or loss of in-
strument time. The ion source and
vacuum system valve arrangement
permit 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. $81.75.

An electromechanical scanner is de-
scribed which can be used for display-
ing absorbance changes when a light-
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 141.
a0 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 lonization Source for Use
with a Vacuum Lock. . W. Rice,
Union Carbide Nuclear Co., for the
U. S. Atomic Energy Commission.
January 1963. 15 pages. Order Y
1415. 50 cents.

A plug-in type 1onization source has
been designed and built to be used with
existing vacuum 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.
$2.75.

Developments 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-
vanced 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. TV. Piela
et al. Paper Review, Communique
No. 100 of the Pulp and Paper Re-
search Institute, No. 1, 1958. Trans-
lated from Polish. 7 pages. Order
61-31266. 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. 7. 11",
West, California Research Corp., for
the U.S. Atomic Energy Commission.
October 1962. 35 pages. Order
TID-17508. $1.

Polyphenyls that have decomposed
under the heat and 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 chromatographic detector, and ad-
sorption chromatography, were also
considered.

Application of Distillation Techniques
to Radiochemical Separations. /.
R. DeVoe. National Academy of
Sciences—National Research Council.
August 1962. 29 pages. Order NAS-
NS 3108. 50 cents.

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

(Continued on page 68 A)
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MODEL 1580~H4
$585.00

MODEL 1581-H5
$650.00

MODEL 1582-B5
$980.00

CENCO’S NEW ANALYTICAL BALANCES

A. SOLID TITANIUM BEAM/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-1"" in model 1580. C. ALL-
METAL HOUSING: durable, rugged,
minimum dust attraction. Heavy, mul-
tiple-coat baked enamel finish.
D. EASY-VIEW WEIGHING 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
toside, operatoralways has clear view
of readout. F. EASIER, MORE ACCU-
RATE READOUT: fixed vernier with
cursor for quick, accurate readout.

SUPERIOR

CONSTRUCTION,

GREATER

CONVENIENCE

AND
PRECISION

INTRODUCTORY
10% DISCOUNT

[oven | o0 [ 1 | o

Sensitivity

CENTRAL SCIENTIFIC |

a division of Cenco Instruments Corporation |
1700 Irving Park Road

Chicago, lllinois, 60613 E B " C [] :

offices in principal cities Uikl 1

I'd like to know more about Cenco's new I

single-pan analytical balances, and the intro- I

ductory 10% discount offer which expires on

| December 31, 1963. :

[J Please send literature l

[]] Please call to arrange a demonstration I

CEN-3-215




Some people need to stretch the spectrum to 45 feet...

This i why Beckman offers you the broadest line of
infrared spectrophotometers.

To serve your specific need.

Whether it's simple or complex. Whether it demands
routine repetition or exireme versatility.

Whatever it is. vou will find the appropriate speciro-
photometer in this distinguished line.

About the IR-4

This was the first double-beam instrument to incorporate
double-monochromator design with high energy, high
resolution, and low stray light.

And now, it’s also well known for its extreme versatility
and success in highly specialized applications. Like external
source studies. Reflectance studies. And external detector
monitoring.

Ycu also can extend the IR-4 range through the visible and
UV regions in just riinutes for source and detector studies.
And all of this doesn’t hinder its ability to perform usual
analyses.

About the IR-5A

There are two different versions of this low cost laboratory
workhorse.

The standard NaCl Model offers a range of 2-16.. And the
CsBr IR-5A covers the 11-35 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-5A 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 advantage of the
time proven optical null system for your most precise
differential work. In single beam, you get true direct
energy measurernents.



ERKIN-ELMER GAS CHROMATOGRAPHS THE BROADEST SELECTION —
ITH THE MOST ADVANGED FEATURES—OFFERED BY ANY MANUFAGCTURER




PERKIN-ELMER GAS CHROMATOGRAPHS »

DESIGNED AND BUILT-SOLD AND SERVICED-BY THE WORLD’S LARGEST PRODUCERS OF GAS CHROMATOGRAPHIC EQUIPM

MODEL

226

tended operation.

@ o -

550 6 6600

SR e T

300 DIFFERENTIAL FLAME. The basic

instrument in this series features

the Dynatnermal oven design with fully
properiional temperature control anc
Perkin-Zlmer's exclusive Differential
Fleme lonization Detector. For dual or
singie column, packed or capillory
operation, precise linear temperature
progremming, sample collecticn—

the uitimate 1n versatility.

800 DIFFERENTIAL FLAME/HOT
WIRE. The Hot Wire Detector in this
combinatien is insialled in a separate
temperature-ccntrolled oven, and

may be used independently of, or in
parallel with, the basic Differentia!
Flame lon‘zation Detector.

800 DIFFERENTIAL FLAME/ELECTRON
CAPTURE. in this ver:ion, both the basic
Difierent'al Fiame lonization Detectzr
and the Electron Capture Detector—n its
sepcrate thermostatted oven—cre
mounred at the same time. Pulser

power supaly is optional.

800 DIFFERENTIAL FLAME/MICRO
CROSS-SECTION. The newest
Perkin-Elmer detector system, the Micro
Cross-Section Detector, is mounted

ir a separate ‘kermostatted oven, in
additon to the Differential Flame
Detecror. It moy be inferchanged with
eitner the Hot 'Wire or *he Electron
Capture Detector aescribed above.

This sophisticated gas chromatograph combines the most modern ad-
vances in instrument design and performance with utmost simplicity of
operation. Whether you use it in the research laboratory for precise
elution time mecsurements, or in the routine control laboratory for
dozens of daily automatic analyses, its unmatched speed, resolution,
reliakility and precision open new aregas of information on virtually any
organic mixture amenable o gas chromatographic separation. It adds
automatic reset and programming features to an unparalleled accuracy
of temperature control, to provide—for the first time—dependable unat-

BASIC UNIT $4500

MODEL

SERIES BASIC UNIT $3195
le ~
g{o *

E:0 -
5603 8600
301 DIFFERENTIAL FLAME, Designed
to meet the needs of medical,
b'omedical and pesticide residue
applications, this instrument retains all
the control advantages of the
Nodel 800, but features an all-glass
sysiem, including “on column”

injection in either of the dual columns.

A major breakthrough is the new
all-glass removable injection block,
whicn permits the analysis of “dirty”
samples: i.e., anaesthesia gases in blood,
pestic'de residue extracts.

801 DIFFERENTIAL FLAME/HOT
WIRE. As with the standard Model 800,
the Model 801 can be equipped with

an accessory Hot Wire Detector

installec' in a separate temperature-
controi'ed oven, to permit dual-

column thermal conductivity operation.
801 DIFFERENTIAL FLAME/ELECTRON
CAPTURE. Particularly useful for
pesticide residue analysis and silyl

ether derivatives of steroids. The

Electron Capture Detector can be
installed ct the same time as the dual
Flame lonization Detector.

Again, pulser power supply is optional.
801 DIFFERENTIAL FLAME/MICRO
CROSS-SECTION. Also available

with this version is our newest detector
system, the Micro Cross-Section

Detector, mounted in a separate
thermostatted oven.

BASIC UNIT $1695

810 DIFFERENTIAL FLAME. This new
series, of modular design, offers—

for the first time—ducl column
operation, with the high-sensitivity
Differential Flame lonization Detector,
at an extremely low 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 lonization 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 same time. A pulser power

supply is optional.

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 lonization
Detector which is basic to the instrument.
It may be readily interchanged with

the Electron Capture and Hot
Wire Detectors described above.




SERIES BASIC UNIT $1695

1|

811 DIFFERENTIAL FLAME. The
ow-cost way to achieve outstanding
performance in medical, biomedical and
pesticide residue studies where

glass columns are specified. As in

the Model 801, this unit features an
all-glass injection and column system,
coupled with modular design and
Differential Flame lonization 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
dual-column thermal conductivity
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 same time as the basic
Ditferential Flame lonization Detector.
811 DIFFERENTIAL FLAME/MICRO
CROSS-SECTION. Also available

with 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.

USE THIS REPLY CARD to get free
subscription to the Perkin-Elmer Gas
Chromatography Newsletter and
further information on products.

MODEL

820

SERIES BASIC UNIT $1495

820 HOT WIRE. This instrumen: ha
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 lonization Detector Electrometer
Amplifier module completes this unit.
820 MICRO CROSS-SECTION, The
Micro Cross-Section Detector is
interchanged with the Hot Wire
Detector module.

MODEL

222P BASIC UNIT $2800

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.

MODEL

194

SERIES BASIC UNIT $1950

154D THERMISTOR. Here is the world
standard for gas chromatography.

The reliability of this model has been
proved by the thousands of instruments
installed and operating in the

field today. The Model 154D features a
precisely-thermostatted, circulating

air bath oven, and thermistor thermal
conductivity detector.

154D THERMISTOR/FLAME. With the
thermistor detector and the flame
ionization detector usable
independently, in series, or in parallel.
154D 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

194L

SERIES BASIC UNIT $950
154L THERMISTOR. The lowest-cost
precision-engineered gas chromatograph
on the market today. Of the same oven
design as the Model 154D and with the
same 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.




ACCESSORIES .

D2 Integrator. An all-electronic integrator which com-
" bines high speed with automatic operation; 7-digit read-
out of area with 3-digit readout of both time of beginning
of the peak and time of peak maximum.,
194B Printing Integrator. While low in cost, this in-
tegrator performs functions otherwise obtainable only in
very high-priced instruments; that is, a printed digital
readout at rates up to 6,000 counts per minute, no pen
excursions to count or interpolate.
Pyrolysis Accessory. Features include capability for han-
dling samples in both solid and liquid states, accurate
measurement of the sample and its residue, instantaneous
heating of sample to desired temperatures and wide op-
erating temperature range (150—1000°C).
Micro-Reactor Accessory. This is essentially a micro-
pilot plant with heated reaction chamber and direct in-
troduction into the gas chromatograph. Particularly useful
for surveying activities of catalysts as reflected in the
composition of reaction products.
Column Switching and Sampling Valves. Gas sam-
pling and liquid sampling valves, switching and reverse
flow valves, all made of Teflon and stainless steel to pre-
vent sample contamination.
Recorders. Perkin-Elmer's selection includes ten models,
all leading makes; also, the correct chart paper for each
chromatogram.

SPECIAL SYSTEMS AND FACILITIES

Column Facility. In addition to furnishing standard
chromatography columns and related supplies, the Col-
umn Facility of Perkin-Elmer can design and build columns

and also furnish liquid phases, support materials, adsorb-*

ents and special coatings for your specific requirements.
Computer Data Handling System. New Computer Data
Handling System, licensed from Shell Development Com-
pany, ties gas chromatographic output to your computer.
Saves time and money, and improves accuracy by elim-
inating all need for manual computations.

Gas Chromatograph-Mass Spectrometer Hookup. We
would be happy to discuss your particular problems in
mating your gas chromatographic effluent with the inlet
of your mass spectrometer even when using small-diameter
capillary columns.

/7T
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pH METERS
available from “‘SGA"’

R M G W deleciion af elecirodes H-5305X—$139.00

Here are eight excellent pH Meters from three outstanding
producers 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.

Coleman Metrion [l
FH-5306X—-$I 60.00

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

@ Similar to Metriop but with control knob for temperature compensation
(0-100°C) ; also provision for use with Coleman Titrign.
Coleman
Companion
H-5330X—$300.00

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

(3]

O Five ranges: 0-14 pH; 0-=700 and 0-=1400 millivolts. Readable to
0.02 pH. Accuracy +=0.07 pH. Temperature compensator (0-100°C).

(5]

For pH (0-14) and millivolt (4400 to —400 and + 800 to —800).
Readable to 0.02 pH. 0-100°C temperature control. Built-in voltage
selector. y

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

© 0

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

© 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. v '
; Leeds & Northrup 7401
H-4901X—$330.00

© Photovolt Model 110 @® Photovolt Model 115 € Photovolt Model 125 © Photovolt Model 180 H
H-3625X—$265.00 . H-3620X—$175.00 H-3610X—$225.00 H-3615X—$375.00 §
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Induction Heating’s
Most Trusted

and Creative
Craftsmen

Y Since

1926
HIGH FREQUENCY

INDUCTION
HEATING UNITS

® BRAZING @ SOLDERING
for ® HEAT TREATING

® BOMBARDING

® MELTING

® ZONE REFINING

® CRYSTAL GROWING

® PLASMA TORCH

ELECTRONIC TUBE GENERATORS
Kilocycle Frequency Units
Megacycle Frequency Units
Dual Frequency Units
and
» SPARK GAP CONVERTERS

LEPEL ACCESSORY EQUIPMENT
Work Tables » Automatic Turntables
Roto Heating and Quenching Units o
Water Recirculating Systems  Remote
Control Operating Units « Change-Over
Bell Jar Fixtures ¢ Zone
Refining, Crystal Growing and Plasma

Torch Equipment.

Switches «

FREE APPLICATION ENGINEERING
SERVICE—Our engineers will process
your work samples and submit
recommendations.

WRITE FOR LEPEL CATALOG

HIGH FREQUENCY
LABORATORIES, INC.

Lepe

55th ST. & 37th AVE., WOODSIDE77,N.Y.C.
CHICAGO OFFICE: 6246 WEST NORTH AVENUE
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NEW BOOKS

Order NASA TN D-18%5.

39 pages.
$1.25.

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
were 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 following can be obtained from
the Superintendent of Documents, U. S.
Government Printing Office, Washing-
ton, D. C. 20408.

Experimental Statistics. Mary Gib-
bons Natrella. National Bureau of
Standards Handbook 91. August 1,

1963. 504 pages. $4.25.

This handbook contains in a single
volume a collection of statistical pro-
cedures that are useful in the design,
development, and testing of materials;
the evaluation of equipment perform-
ance; and the conduct and interpreta-
tion of scientific experiments.

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

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 papers presented, plus tran-
seriptions of discussion panels.  Also
included is a report of the business and
information session, with its panel on

standards laboratory information dis- |

semination.

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

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.

THERMOLYNE

THERMOLYNE
TYPE A1900

Now even finer hot plate per-
.. Fast heating . ..
Close

formance .
Wide temperature range.
stepless thermostatic control
from 10° F above room temperature
to 700° F . .. Improved insulation,
baffles, and control unit .. ..
Attractive, easy-to-read and set
control dial.

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.

115 v AC 700 w

Write for literature and name
of nearest dealer.

TRERMOLYRE CORPORATION

Dept. 478, 2555 Kerper Blvd., Dubuque, lowa
Circle No. 101 on Readers’ Service Card

$22.75




PHOENIX INSTRUMENTATION

Automatic Recording

Amino Acid Analyzers Air Pollution Monitors

Aerosol, Smoke &
Dust Photometers

Light Scattering Photometers

Variable Gradient Devices

Visual Differential Refractometers

Automatic Indicating
Differential Refractometers

other Phoenix products

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

Bulletins available on any of the above Phoenix Instruments.

PHOENIX PRECISION INSTRUMENT CO.

3803-05 N. 5th STREET e PHILADELPHIA 40, PA., US.A, ® BA 8-7417 e Cable PPI CO
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Rotary Evaporator
from CaLab features:

[«¥.YF7:-N') MODEL C ROTARY EVAPORATOR

All glass and Teflon surfaces: No

Hi gb—z/aczmm, low-tempemture metal, rubber or grease to react with

sensitive materials.

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

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

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

For full information on the Model C
Rotary Evaporator, write for Brochure AE.

1717 Fifth Street

L R I A I I N R EP

California Laboratory Equipment Company

Berkeley 10, California

Circle No. 125 on Readers’ Service Card
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For Speedy, Visual Analysis

SHIMADZU METALLOSCOPE TYPE IS-30

The SHIMADZU METALLOSCOPE TYPE IS-30is 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.

Business Lines

Scientific Apparatus, Atomic Power Apparatus, Electric
Measuring Instruments, Industrial Instruments, Electronic
Apparatus, Material Testing Machines, X-ray Apparatus
& Radiation Apparatus, Speed Reducing Gears, Indus-

trial Machines, Aircraft Parts.

SHIMADZU SEISAKUSHO LTD.

FOREIGN TRADE DEPT.
TOKYO OFFICE : Kanda-Mitoshirocho, Chiyoda-ku, Tokyo
(Cable Add.: SHIMADZU TOKYO0)
KYOTO OFFICE : Nishinokyo, Kuwabara-cho, Nakagyo-ku, Kyoto
(Cable Add.: SHIMADZU KYOTO)

SPECIFICATIONS

Shimadza

Wavelength range: 4,000 - 8,000 A

Aperture ratio: 1:10

Eyepiece magnification: 10 times, 20 times
Dispersion efficiency: 1/41=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

Analyzing efficiency is high

At 4 861 A it is 7/di 31401 (wavelength difference where analysis
is possible, 0.155 A.)

Aperture is large and bright
F=1:10

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

Another first from Sartorius.

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 including a semi-micro version
(reading direct to 0.01 mg).

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.

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.

Today, Sartorius is first in balance
design.

BRINKMANN INSTRUMENTS INC.,
CANTIAGUE ROAD, WESTBURY, L. I., NEW YORK

ST. LOUIS * CHICAGO « HOUSTON « CLEVELAND
PHILADELPHIA « SAN FRANCISCO
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Mount
a complete
setup
securely
in seconds
-without
tools!

sk
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S

New! Manostat
EZ-Lock Clamps

for laboratory
support frames

It's 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

“elloy, with plastic cap on handle for sure, comfortable grip. New EZ-Lock Clamps are thor-

oughly 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 local laboratory :upp:r::.r @ M] m m @ % H [AHK”WMW

EZ'Locz(ﬁll:g‘np A Subsidiary of Greiner Scientific Corporation
' 26 NORTH MOORE STREET, DEPT. 521, NEW YORK 13, N.Y.
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the
EDITOR'S

column

L.T.Hallett, Editor

OME 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. 8.
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 Lahoratory 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 and
SE-30 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. Tt

——Welch——
LARGE 12-INCH SCREEN
LECTURE-TABLE 0SCILLOSCOPE

For all customary
classroom demonstrations

Compare it with the
standard 5-inch
scope you’ve been
up to now!

write for descriptive
circular

12-inch screen faces class.

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

3-inch monitor screen and all controls oscilloscope.

on rear panel for instructor’s con-

venience. All components chosen with generous

X X ratings to insure reliability.
Controls operate 12-inch and 3-inch - ‘

tube simultaneously.

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

THE WELCH SCIENTIFIC COMPANY
ESTABLISHED 1880
1515 Sedgwick Street, Dept. A-1, Chicago 10, lllinois, U.S.A.

Manufacturers of Scientific Instruments Laboratory Apparatus

Net weight: 80 pounds.
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the ONLY balance for controlled environmental
testing... under vacuum or pressure

AV ANALYTICAL | RV SEMI-MICRO FYMICRO 7~~~ 77—
Capacity 200 gr. 100 gr. 10 gr. FACTORY TRAINED
Sensitivity 1 mg./div. 0.1 mg./div. 0.01 mg./div. sales and service by
Readability by estimation 0.1 mg. 0.01 mg. 0.001 mg.
Reproducibility +01mg. +0.03 mg. +0.003 mg. WATSON BROS.

The name AINSWORTH is your guarantee

WM. AIINSWOIRTIH & SONS, NINC.

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

SILVER SPRINGS, MARYLAND

DEPT. AC—2151 LAWRENCE ST.  TEL. ALPINE 5-1723 < DENVER 5, COLORADO
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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.

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

AINSWORTH"
Type 10

o EXCLUSIVE" Ainsworth Features
" *al| standard equipment on Type 10 Balance
at no extra charge

—
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Taring Device...permits reading
direct from zero; helps eliminate
mathematical errors; saves time.
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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.

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

YOU NAME THE DATE—WE'LL DEMONSTRATE

For complete information, or demonstration, just send this coupon

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

Gentlemen: | would like to have
() ademonstration of your Type 10 balance
() acopy of your Bulletin 662 on the Type 10 balance.

NAME:.........coourrserennce

COMPANY:

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

—
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S LONG

AXIMUM IMPURITIES

ATIONAL

TRADE:-MARK

AGKSP and SPK

Electrodes for Direct Reader
Spark Analysis Technique

Spectroscopists — you asked for it! Elimination of unwrapping and snapping of 12-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!

UN.ON “‘National’ is a registered trade-mark of
'] V:1:11)] UNION CARBIDE CORPORATION

CARBON PRODUCTS DIVISION

270 Park Ave., N.Y., N.Y. 10017 « In Canada: Union Carbide Canada Limited, Toronto
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HUMBLE OIL

Carl E. Reistle, Jr.
President

 DOUGLAS AIRCRAFT

b 8\

Donald W. Douglas, Jr.
President

SOUTHERN BELL TEL & TEL

Ben S. Gilmer
President

they {hink of cancer

in ierms ol
[heir employees

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

This space contributed by the publisher

In one-pan halances

the name AINSWORTH
is your guarantee

£
i
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DISTINCTIVE RIGHT-A-WEIGH

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.

TYPE SC FEATURES

Patented compensated beam... minimizes‘
effects of changes in temperature, air
density and humidity.

Eyedevel readout...in-ine, unobstructed
readout. ‘

Independent pan brake. .. stabilizes pan be- ('

fore beam is released.

“Add weight” and “remove
weight” signals...automatically
appear. on screen for faster
weighing.

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.

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

Gentlemen: | would like to have

() a demonstration of your Type SC balance
() acopy of your bulletin on the Type SC balance
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This is the most versatile camera microscope

It is the Carl Zeiss Ultraphot Il. If you want a micro-
scope that will do just about everything and is easy to oper-
ate, this 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
cf a button, the automatic camera produces sharp and prop-
erly exposed photomicrographs. Sheet film 4 x 5", 35mm roll
film, or Folaroid film can be used. The camera head can be
substitutad by grounc glass screen for projection viewing.

The camera microscope has a unique illuminating system:
you ccn work with reflected or transmitted light or use both
simultaneously.

CARL ZEISS,inc.

444 Fifth Avenue, New York, N. Y. 10018

BRANCH OFFICES IN ATLANTA, CHICAGO, LOS ANGELES, SAN FRANCISCO, SEATTLE

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,

The Great Name in Optics

IN CANADA: TORONTO, MONTREAL, WINNIPEG, VANCOUVER
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MS 9 opens up
new fields of discovery
in organic chemistry

The latest additicn to the AEI range of mass spectrometers is the MS 9—a double focusing, high resolution
instrument specially designed for the examination of organic compounds. The MS 9 gives resolving power in
excess of any othar 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 composition 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
rricrogram.

We would like to t2ll you more about this equipment, so please write for leaflet. A colour film entitled

‘Analysis by Mass' showing the technique used, is available on free loan.

MS 9 MASS SPECTROMETER

1e USA, technical litzrature on AE| Mass Spectrometers is available from: NUCLEAR AND ANALYTICAL DIVISION, PICKER X-RAY CORPORATION, WHITE PLAINS,
IE'W YORK, USA. Ei «rite to AEI INSTRUMENTATION DIVISION, SCIENTIFIC APPARATUS DEPARTMENT, BARTON DOCK ROAD, URMSTON, MANCH

TER, ENGLAND

Associated Electrical Industries Limited
Instrumentation Division
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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 4" and 33" O.D. tubing.

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

2 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 ' e :
straight-line fingertip pull or push action for instant 3§ "'!“""”“

connecting or disconnecting.
TUBE TO PIPE WITH DOUBLE END SHUT-OFF

Quick-Connects can be used with
hd metal as well as plastic tubing.

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 4" through 3" 0.D.
tube, available in stainless steel and brass. The
Swagelok Quick-Connect Fitting is normally fur-
nished with Buna “N” O Rings. Other O Ring
materials are available for special applications.

{ 4 T Y .

QUICK-CONNECT WITH DOUBLE END SHUT-OFF T e aale S e R e T
! Swagelok Quick-Connects with unique double S ._.TUB_E_ TO BULKHEAD TUBE WITH SINGLE END SHUT-OFF

end shut-off, for use on hydraulic or pneumatic : CLLEEL . : : :
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.

TUBE TO BULKHEAD TUBE WITH DOUBLE END SHUT-OFF

" 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 and service representative can provide immediate delivery of quzbk-cd}zbeéts. e




These American Chemical Society JOU RNALS

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

as well as the entire chemical world!

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 1&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 1&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.

I1&EC PRODUCT RESEARCH AND DEVELOPMENT—reports preparation of
new or improved products, methods of synthesis, and modifications for
specific end uses.

1-year subscription rates for U. S and Canada only

ACS Members Nonmembers
I&EC and 1 quarterly . .. oco o oo swin s s s oes wice $2.50 3.00
I&EC and 2 quarterlies ............cccviiunannn $4.00 $5.00
IGEC and 3 'GUATIBIHES: i c5s wens 5oas ve s kv Vo o $5.50 $7.00

Canadian postage $0.90 additioral.

Note: 18EC is sold only in combination with one or more of the quarterlies.
Separate subscriptions to either the monthly or the quarterlies will not be
accepted.

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
and food processing chemistry. Each bimonthly
issue contains 25 to 30 authoritative papers in
the inter-related areas of plant nutrients (fer-
tilizers) and growth regulators, pesticides, food
additives, food processing, and the biochemistry
of nutrition.

1-year subscription rate (sold on annual basis only)
ACS Members $10.00 Nonmembers $20.00
Canzdian postage $0.50 additional

CHEMISTRY

CHEMISTRY presents easily understood reports
and feature articles on chemical theory, re
search, and applications. It is directed partic-
ularly toward the secondary school science
student who wishes to relate classroom and
lebaratory study to the rapidly expanding chem-
ical 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

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 April.

1-year subscription rates for U. S. and Canada only
ACS Members $4.00 Nonmembers $5.00
Canadian postage $0.70 additional

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—
e from basic research in chemical and chemical
3 engineering science to making and marketing
chemical products. It does this with spot news
A stories, short wrap-ups on current trends, and
4 longer articles on topics undergoing major de-
A 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.

1-year subscription rates for U. S. and Canada only
$6.00 Canadian postage $2.00 additional

THE JOURNAL OF CHEMICAL AND ENGINEERING DATA

This quarterly publication covers original ex-
perimental data and calculated parameters on
(1) 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.
1-year subscription rates (sold on annual basis only)
ACS Members $9.00 Nonmembers $18.00
Canadian postage $0.40 additional

4 bove subscription rates are for U.S. and Canada. Write for rates for other countries.

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

[J INDUSTRIAL AND ENGINEERING CHEM-
ISTRY (monthly) with the following quarterly or
quarterlies:

My payment of $

American Chemical Society
1155 Sixteenth Street, N.W.
Washington, D. C. 20036

is enclosed for the subscriptions | have checked at left.

[7) 1&EC Process Design and Development

[7] 1&EC Fundamentals ADDRESS
[Z] I&EC Froduct Research and Development

CITY ZONE STATE
! ANALYTICAL CHEMISTRY (13 issues per year)
TITLE OR POSITION
[C CHEMICAL & ENGINEERING NEWS (weekly)
COMPANY NAME PRODUCT
L3 (CHEMISTRY My principal duties are:
8 Corporat(iz &Aanagementt 8 énallytsisc—T?st‘;ng % ,};‘roiuctt Development B ;eacrr:ing
Technical Managemen uality Contro arketing urchasing
= é&iﬂ.‘g’rﬂi?ﬁn’fg,ﬁﬁ‘hrl’r"“‘ ABRERIN H Process Research [ Process Design [J Market Development  [] Advertising
5 Product Research [ Product Design [ Technical Service [] Sales
[] THE JOURNAL OF CHEMICAL AND ENGI- [J Production—Processing [ Process Development O Consulting Other

NEERING DATA (quarterly)
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NEW GC
SELECTION

H A Yu R A new Selection Guide steers you clearly through the F & M line of more than fifty
s U different gas chromatographs and helps you choose the one instrument that alone best
suits your particular combination of analytical requirements and budget limitations

N U M BER (...F & M prices start under $1000.) = Briefly but completely describing each F & M
gas chromatograph, this new publication spells out how they group into seven major lines,

B — each one engineered for a specific task: four for general analytical work, two specialized instruments

and one prep scale unit. ® The F & M Selection Guide simplifies the task of choosing the right gas

chromatograph by an orderly presentation of the major features, list prices and ordering numbers of

= all 50 F & M instruments, detector attachments and kits. Tables, drawings, and photos are used

extensively. = Your copy of this new 16-page booklet is
free on request. Write for “Analytical Instruments for the
Laboratory.” F & M Scientific Corporation, Route 41 and
Starr Road, Avondale, Pennsylvania, phone (215) 268-2281. European
subsidiary: F & M Scientific Europa N.V., Leidsestraat 67, Amsterdam, F&M SCIENTIFIC CORPORATION
The Netherlands. AVONDALE, PENNSYLVANIA
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AN ERE

. . . resolves 0.01 ug protein . . . separates 20-30 protein fractions from human serum

One hundred times more sensitive than the starch gel tech-
nique, this powerful new method separates large molecular weight
substances on 1%-inch long columns of a specially processed
gel. More reproducible than either paper or starch, Disc Electro-
phoresis is also much faster — runs of % 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).

Aloe Scientific
is your exclu-
sive laboratory
supply dealer
for Canalco Disc

For details see your Aloe Scientific representative or write Electrophoresis
Aloe Scientific, [8] Division of Brunswick, 1831 Olive Street, Apparatus

St. Lovis 3, Mo.

&c/wmg the Sciemcss that Sere Wombind,

SCIENTIFIC
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AN EIGHT-STORY GLASS AND ALU-
MINUM STRUCTURE at Abbott
Laboratories’ North Chicago, I11., 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 R and 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 upwerd in the future. Eight-
story additions also can be erected that
would result in a building three times
as large as the present eight-story wing.

Current projects under way in the
Abbott research center include dis-
eascs of the heart and circulatory svs-
tems, 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
research 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

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

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-
alyvtical methods for the Chemical Con-

trol Department, second to provide an-
alvtical control for compounds under
clinical investigation, and third to pro-
vide 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
fitting the problem to a specific tech-
nique. Although instruments are used
extensively as a means to an end,
much use is made of wet 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 colution 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 »

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 v

Thin layer chromatographic tech-
niques and qualitative tests for
various functional groups are used
to characterize and identify drugs and
their degradation proclucts v
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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

i

WACO TITRATOR

...for Karl Fischer Moistures

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
application! Hundreds of users

of the original WACO may also

modernize as parts are INTER-
CHANGEABLE!

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

WRITE FOR WACO TITRATOR BULLETIN

LABORATORY SUPPLIES AND EQUIPMENT

WILKENS-ANDERSON (O.

4525 W. DIVISION ST. CHICAGO 51, ILL.
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HIGH IN PERFORMANCE
LOW IN COST (as iittie as $405)

Varian was the first to bring you such a
sensitive, low-cost potentiometer recorder.
Thousands in use constantly prove the
G-10'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”/hr. to 16”/min.;
19 accuracy; pen speed 1 or 214 seconds
full scale. For full specifications and prices,
write to RECORDER DIVISION.

VERSATILE LAB 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 1009% suppression. Chart
speeds from 1”/hr. up to 16”/min. 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.

@VARIAN

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

LOW COST VERSATILITY

Buying Varian's G-11A 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-11A 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: 19 accuracy; 1 second full-scale
balance; chart speeds from 1/8”/hr. to
60”/min. Complete prices and specifica-
tions from RECORDER DIVISION.

DUAL CHANNEL RECORDER
(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: 19 accuracy; spans from 5 mv
to 500 v; 1 second full scale balance time;
2 or 4 chart speeds from 1/8”/hr. to 16”/
min.; full scale zero adjust. Full accessory
line. Portable and rack-mounted models
available from $1195. For full information,
write RECORDER DIVISION.

ASSOCIATES RECORDER DIVISION
611 HANSEN WAY, PALO ALTO 4, CALIF.
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NEW, IMPROVED
FIXED THICKNESS CELL

Here is a general 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.

*Registered trademark of Becton, Dickinson and Company.

2 NEW LOW-COST INFRARED SAMPLING CELLS

NEW AMALGAM SANDWICH CELL
WITH NEW, IMPROVED HOLDER

Here is a new 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 pathlength through fringes. Cell is highly-
resistant to most solvents. All Amalgam 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.

E 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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AGE AUTOMATIC PIPETTER

* Fills and Pours
Avtomatically,
Rapidly.

e Interchangeable:

One Head For
All Capacities,
All Volumes.

o Short Tipping
Angle.

Cat. No. 8004. Interchangeable volumetric bulbs give reproducible volumes
within #=1% for capacities greater than 5 ml. Smaller capacities to within

#+0.1 ml. reproducible. Please specify volume of bulb and flask capacity
when ordering.

Specifications and prices: Erlenmeyer Flask 3 29/42, 500 ml.: $2.60 each, 1000
ml.: $3.10 each. Flask Head ¥ 29/42: $11.80 each. Interchangeable Volumetric
Heads 3 14/20, 1, 3, 5 ml.; $3.75 each; 10, 15 ml.: $3.85 each; 20, 25 ml.: $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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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 immersicn
depth (315”). 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 12L/minute . . . And
priced sensibly compare
features with less expensive units
which are much less rugged, less
accurate, less dependable. Just
drop us a note and we’ll send
complete details.

BRONWILL
SCIENTIFIC

A DIVISION OF WILL SCIENTIFIC,INC.
224 N. Goodman St., Rochester 1, N. Y.
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PHDTDVULTCORPORATION

ety

electro-balance
| applications.
e. w Fast pen
's,peed-cham?;e

romatograp.hy,
22:\/%?:2 C:nd other cntlcza‘
= Ranges 10 1, mv full s !
speed. ® Highly accurateécter'
switch. ® Integrator conn .
Write for Bulletin #100

PHOTOVOLT

LINE-OPERATED
SUPER-SENSITIVE ELECTRONIC

MULTIPLIER-PHOTOMETER

For the exact 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.

MOD. 520-M

Write for Bulletin #360 to

PHOTOVOLT Corporation

1115 Broadway New York 10, N. Y.

Circle No. 190 on Readers’ Service Card

Linear/Log
Laboratory

$885

for gen-
; iti servo-recorder !
A versatile sensitive e uiti-range, poten’ua\

tory use. : cent
eral laboratory corder. ® Choice of per G&V
current ré cation 1N

yaricord 43

and ;
transmission

spectrophommet.r :
phy by conductivt
potentiometric inpt
pen speed — 10 ™!
ity. = Output connec

telemetering. A
Write for Bulletin

ut. = Less

ltivolt full s¢ ‘
tor for integrating and

#1130

) 1115 BROADWAY = NEW YORK 10, N.Y.

= _ecss SINGLE & DOUBLE S
MIRROR-MONOCHROMATORS £

|
|

With exchangeable prisms for the visible,
ultraviolet, infrared from 200 millimicrons to
20 microns.

Write for Bulletin # 980 to

HOTOVOLT Corporation

- New York 10, N. Y.

p

1115 Broadway .~
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FFERS

by the purveyors of
EASTMAN Organic Chemicals

Distillation Products Industries, Rochester 3, N.Y.

1. To demonstrate to future buyers of Phenolphthalein
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:

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 immediate purple color. We interpret this as
due to free pherolphthalein. Solution is obtained by use
of acetone (3 ml per 10 mg of the ester brought to 20 ml
by the addition of distilled water).

I look forward 0 hearing from you further.

Upon receipt of the gentleman’s barb we switched over to the
method we use for making Fluorescein Dibutyrate (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 (Anal. Chem. 35, 588). Now
they're both clean of free dye. Only honest men can afford to
advertise like this. Honest and successful men. And above all,
modest.

{ which might be 5 ml under N,, of

Eastman G50 Butyl Alcohol
EAasTMAN G943 sec.-Butyl Alcohol
EasTMAN G364 Butyl Butyrate
EAsTMAN G945 iso-Butyl iso-Butyrate
EAsTMAN G6104 1-Chloroheptane
EasTMAN G1481 Cumene
EAasTMAN G702 Cyclohexane
EAasTMAN 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 Ethyl Propionate
EAsTMAN G2793 Fluorobenzene
EASTMAN G2215 Heptane
EAasTMAN G5082 Hexyl Acetate
EASTMAN G467 Methanol
EasTMAN G2381 2-Methoxyethanol
EasTMAN G946 Methylcyclohexane
EasTMAN G1263 4-Methylcyclohexene
EAsTMAN G1107 Octane
EasTMAN G568 Pentyl Alcohol
EasTMAN G848 Propyl Alcohol
EasTMAN G212 iso-Propyl Alcohol
EasTManN G325 Toluene

r EAsTMAN G2396 2,2,4-Trimethylpentane

... for around $30.

The “G” stands for gas chromatography, the means of final puri-
fication that 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

ANALYTICAL CHEMISTRY

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 Abstracts references:

i

. Determination of Sb (41, 1947c; 50, 1516a; 54, 10657c;
54, 9606b; 21, 17792)

. Determination of Au (44, 4820b; 50, 2357g; 54, 22160i)

. Determination of T1 (44, 4820b; 48, 2514g; 52, 6063b;

56, 4097a)

. Determination of Ga (49, 10118g; 50, 2357e)

Determination of Fe (45, 8936b)

. Determination of W (52, 971b)

. Determination of Cd (53, 18743a)

. Determination of Ta (53, 7857i)

. Determination of U (54, 1177d)

10. Determination of Pu (53, 5212d)

11. Determination of Re (36, 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 S, S,03%, and
SCN- (41, 3392d)

16. Indicator for critical micelle concentration of soaps
(49, 694f)

17. Fluorescence indicator in iodometry, bromometry, and
titration by KMnOy (45, 8936b; 32, 73673; 33, 20627;
35, 17226)

18. Fluorescent spot test for enolizable nitro compounds

(49, 7451d)

Selective stain for plasma in living plant cells (45,

5770g)

Vital stain with transient specificity for mitochondria

(51, 5199f)

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¢c)

Acid-base indicator in glacial acetic acid (54, 4243a)

Determination of cracks and splits in objects by u-v

fluorescence (55, 6056h)

Vital stain for tannin in Spirogyra cell and for vacuoles

in higher plants (53, 2815c)

. Indicator of water translocation through cortex of plants

(55, 23696¢)

Lipid determination in nerves (56, 662h)

Vital stain strongly stored in nucleus membrane of some

plant cells but not in nucleus interior (33, 13569)

©

19.
20.

25.
26.

27.

29,
30.

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.

Prices subject to change without notics.

101734

Distillation Products Industries
is a division of Eastman Kodak Company
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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 a hard surface
! for seraping precipitates.

g

The illustration of the Buchner is supposed to emphasize
L 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 break these

under normal laboratory suction. Also, if you have

to remove the precipitate from the paper you can

scrape away with a spatula without worrying about | E.

including fibers. (If you are more concerned about the )

filtrate, relax; it won’t have any fibers either). i

Lo

B No one 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 ashless 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.

SN

If you would like a copy of our
A 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.

Whatmamn

. FILTER PAPER




...one pH meter has less than
0.01 pH drift per 24 hours!

THE METROHM ZEROFIX
Model E 300

It is an expanded scale instrument which can be
used for direct reading measurements from either
0 to 14 pH or over any span of 2.8 pH.
Maximum accuracy is 0.01 pH. Line-operated.
Delivery from stock.

For complete information on quality pH Meters,
unique ccmbination electrodes and a list of
stocking distributors near you, please contact:

BRINKMANN INSTRUMENTS, INC.
Cantiague Road

Westbury, L. I., N.Y. 11590

ST. LOUIS » CHICAGO » HOUSTON ¢ CLEVELAND
PHILADELPHIA « SAN FRANCISCO sumeesesssessessssmmdl

‘2 No. 13 on Readers’ Service Card

GLASS ABSORPTION CELLS

OF FINE QUALITY

27 KLETT

Klett-Summerson Photoelectric Colorimeters —
Colorimeters = Nephelometers — Fluorimeters
Bio-Colorimeters ~ Comparators — Glass Stand-
ards — Glass Cell - Klett Reagents K L ETT MANUFACTURING CO., INC.

179 EAST 87TH STREET

NEW YORK.....N. Y.
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No. 1 in a Series:

ADVANGES IN ELEGTRON MICROSGOP

This is an objective lens pole piece for
the Hitachi Perkin-Elmer HU-11A Elec-
tron Microscope. It represents the cul-
mination of one half million scientist
and engineer hours of research and
development. It is one element in the
remarkable imaging system of the HU-
11A. The electron optics of this instru-
ment are unmatched in performance
and versatility. Introduced one year
ago, the enormous potential of the
HU-11A as a fundamental research
tool is now being realized in nearly

100 laboratories throughout the wo

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-11A
by an expert electron microscopist un-
der controlled conditions at the Hitachi
Central Research Laboratory in Koku-

bunji, Japan. It is by far 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 information on the HU-
11A can be 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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BELaART

Now...
for the first fime!

AUTOCLAVABLE Calcium Fluoride Sodium Chloride

Barium Fluoride Potassium Chloride

m D@ m @ Lithium Fluoride Potassium Bromide
|
* Prompt Delivery ¢ Large Size Availability * Precision Cutting
@ @m m E@ T@m S * Scattering Free * Impurity Absorption Free * Strain Free

HIGH QUALITY STANDARDS

.. . in Optical Crystal Blanks

... 1n Optical Maser Crystals

U*E-:CalF, Dy*2- CaF, Nd+2- CaF,
U+3 - BaF, Sm*2- CaF, Nd*3 - BaF,
U+2- SrF, Sm*2 - SrF, Nd+2- SrF,
Tm*3 - SrF, Tm*2 - CaF, Ho*3* CaF,

Also, all other trivalent rare earths in CaF,, BaF,; and SrFe.

Indicative of our quality, most of the above were first mased
in Optovac grown crystals.

OPTOVAC, ic

NORTH BROOKFIELD, MASSACHUSETTS

Circle No. 75 on Readers’ Service Card

LABORATORY RECORDER
HIGH SENSITIVITY
Another first from Bel-Art . . . connectors for

micro sized tubing. The connector ends are of $32500
stainless steel hypodermic needle size tubing. The o
gleaming 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 he

autoclaved repeatedly. MODEL #22700

SERVO-GRAPHIC

. In 18', 20 and 27 gauge sizes from stock. Other e, : RECORDER
sizes available soon. * Pen travel 1 Szcond full scale. RANGE:  0-10 MILLIVOLTS D.C.
A:cumlcy 99% or better. it 0-100 MILLIVOLTS D.C.

® °® Photoelectric Chopper for long life.
SEE YOUR LOCAL SUPPLY DEALER Zelner diede stabilized reference The Servo-Graphic Recorder is an
3 o g voltage. , ideal laboratory instrument. Put it
These and many other NEW items are listed in Adjustable paper speeds. to work and save a valuable tech-

2 Input suitable for high impedance B R gl
our catalog supplement just off the press! o grimp nician's fime. O.E.M. users invited.

Adjustable range control. Wiits for iiferatsrs

Write Dept. A-12 for your FREE copy.

BEL-ART PRODUCTS, C. H. STOELTING CO.

12" CHART SERVO RECORDERS
PEQUANNOCK, N. J., 07440 OXbow 4-0500 MULTI-CHANNEL HIGH FREQUENCY OSCILLOGRAPHS

POLYGRAPHS e KYMOGRAPHS ® MANIPULATORS

Pl. " Tlcs /M\e . (/ ; % 424 NORTH HOMAN AVE., CHICAGO 24, ILL.
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Announeing
a major new

distributor

f
E‘é}ﬁ'ﬁﬁiﬂﬂ

Illlllll'lllll'i“iﬂll ..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, CALIF. /5321 E. 8th St. / KE 3-9169
PHILADELPHIA / Jackson & Swanson Sts. / HO 2-4700

ST. LOUIS /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 8,
NEW YORK, Tel. HAstings 5-8250 / PITTSBURGH 22, PENNSYLVANIA, 504 Bessemer Bldg., 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930

VOL. 35, NO. 13, DECEMBER 1963 ¢ 103 A



VAINGUARD

MODEL 880 4 PI AUTOSCANNER REDUCES
BACKGROUND TO LESS THAN 10 CPM, REVOLU-
TIONIZES COUNTING OF H3, C", AND S%

Directly below you see the Vanguard Model 880 Auto-

scanner which combines low background (actually less
than 1C cpm) with 4 pi detection, plus automatic opera-
tion. The result is remarkable sensitivity in chromato-

gram 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 research laboratories.

m Windowless gas-flow, geiger detection, counts radi-

11

ation on both strip sides simultaneously m Completely

transistorized m Automatic shut-off of gas and power

m Handles chromatograms 1}5 to 4 cm. wide in lengths
to 100 ft. m Automatically marks solvent fronts, leading
and trailing edges of stripsm10 scanning speeds, b rate
meter time constants, 7 count rate ranges, 5 individual
slit width collimations m Better than 2% accuracy of
count rate on all ranges m Compact, one unit system,
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.

VANGUARD

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.”

VAINGTARD INSTRUMENT COMPANY . P. 0. Box 244 « LaGrange, lllinois 60525 » FLeetwood 2-1600
Designers and Manufacturers of Precision Instrumentation for Research

Regional 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

Circle No. 108 on Readers’ Service Card
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INSTRUMENTATION

by Ralph H.

Muller

Developments in Electronics

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 the 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, ete. For a
long time, we have had mierominiaturi-
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 formidable 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-
tronies is not simply to reproduce physi-
cally the elegance of classical circuit
mathematies—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, McGraw-Hill
Book Co., Inc., New York, N. Y., pub-
lishers, edited by Edward Keonjian),
these topies are discussed by fourteen
authorities. This book is a remarkable
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 fune-
tional device approach exploits our po-
tential ability to perform electronic cir-
cuit functions by going directly to the
physies 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
the feasibility of performing complex
logic 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.”
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MOLECULAR ENGINEERING

A closely related discussion, which
deals primarily with materials, is to be
found in a special report entitled,
“Materials for Space-Age Electronies”
[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 lacking in the ap-
plication of semiconductor devices to
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HARSHAW

POLISHED OPTICS

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 l
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™.

CRYSTAL-SOLID STATE DIVISION

THE HARSHAW CHEMICAL COMPANY D\TI
1945 E. 97th St. « Cleveland, 0. 44106 A
Phone Area 216 721-8300
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Alberene Stone laboratory tops

“Outlasts
Father Time”

ALB E R E N E STO N E 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.
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passive elements. One of the neatest of
these is the raising of Q values in a tank
circuit (LC) by neutralizing the equiva-
lent resistance of the tank circuit with a
semiconductor negative resistance ele-
ment. As deseribed by Carl D. Todd
[Electronics 36, No. 40, 30 (1963)]
such negative resistance elements
(NRE) can be paralleled with a tank
circuit to neutralize its equivalent resis-
tance. When the NRE 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-
ative resistance to cancel it seems <o ob-
vious as to be unreal. It’s like a science
fiction plot to use negative gravity to
hold the space ship aloft, vet for tank
circuits it works.” As author Todd ex-
plains, the utility of the scheme resides
in the fact that “many resonant cirenits
require a higher Q than practical LC
components can give. This is especially
true for the lower frequencies where
relatively large inductances are neces-
sary and where a coil having sufficiently
high Q is often too heavy.” Many re-
finements of the general principle are
deseribed among which is the matter of
temperature compensation. For one
NRE it was possible to obtain stability
of the order of 5 parts per million per
degree Centigrade over a temperature
range of —20° to +100° C.

ELECTROMECHANICAL DEVICES

There are constant improvements in
precision and size-reduction in electro-
mechanieal devices. A good example is
the stepping motor. The device is like
a synchronous motor in principle, ex-
cept that its rotor does not revolve
smoothly and continuously when the
motor is energized. Instead, on com-
mand from the input, the rotor travels
an incremental step, stops instantly and
locks magnetically in position. When a
signal of opposite polarity is applied
the rotor advances another precise step.
delivering torque in exact proportion to
and at the same rate as the input.

Sigma Instruments of Braintree 85,
Mass,, announces an electromagnetie
drive of this sort, the Cyclonome, which
delivers torque in precise 18° steps at
rates up to 1000 steps per second wita
p to 5-inch-ounces of torque with no
standby 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 cubic
inch and require only the simplest in-
put circuitry. The device is suitable for
chart and tape drives analog-digital
converting, impulse counting and, for
step servos, in remote positioning and
In timing.
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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-

Normal D. C. Polarography
¥ Controlled (Rapid) D. C. Polarography
Stripping Analysis Polarography

A. C. Polarography

centrations to 10-Y Molar. For A. C. Polarography, an auxiliary
power supply 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:

(NEW ADDRESS)
BRINKMANN INSTRUMENTS INC.,
CANTIAGUE ROAD, WESTBURY, L. I., NEW YORK

ST. LOUIS ¢ CHICAGO « HOUSTON ¢ CLEVELAND
PHILADELPHIA « SAN FRANCISCO
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BURRELL “Sor Seierntists (gweymﬁew i

LABORATORY FURNACE

variable temperature range to 2 800°f

A versatile laboratory fur-
nace for reliable operation
from the lowest to the high-
est temperatures.

From 600° F. to 2000° F.,
use for ashing, drawing, ig-
niting and tempering, above
2000° F., for sintering, melt-
ing, clinkering, fusing and
high-speed hardening.

AUTOMATIC
TEMPERATURE CONTROL

SPACIOUS ACCESSIBLE
HEATING CHAMBER

RAPID HEATING
MINIMUM HEAT LOSS

OPENS FROM FRONT
FOR QUICK SERVICING

BURRELL BOX-MUFFLE TYPE
FURNACE, Model 30

Heating chamber 7" wide x 814" 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
BURRELL CORPORATION

Scientific Instruments and Laboratory Supplies
2223 FIFTH AVENUE, PITTSBURGH 19, PA.
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DRUMMOND
“*MICROCAPS”"

(Disposable micro-pipettes)

These pipettes consist of short lengths of pre-
cision made capillary glass tubing, calibrated to
contain a definite volume from end to end.
They are accurate to within 1% or less and are
so low in cost that you can afford to use them
once and discard them.

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 resulis.

"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-

a culation of air, so that the

pipette may be filled by capil-

lary aitraction.  When filled

from end to end, the pipette

conlains the stated volume.

To discharge: hold finger over

the hole in the bulb and

squeeze. To rinse, repeat the
operation with the diluent.

Another convenient method,
when using pipettes of 20
lambdas capacity or larger, is
to discard the bulb assembly
and, holding the 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 vigorous
shaking will wash the contents
of the pipette into the diluent.

The bore in the tubing from
which "Microcaps” are made
is so constant that the volume of
a partially filled fube may be
determined by simply cal:u-
lating the volume per linear ram
by means of an ordinary meiric
scale. Example: Suppose a 50
lambda pipette measures 100
mm in length; this means that
each mm in length contains 0.5
lambdas.  Therefore, should
you find hat the partial volume
measures 56mm in length, vou
would know that this volume
equals 23 lambdas.

Microcaps are stocked in the following sizes:
1,2,3,4,5,10,15, 20, 25, 30, 40, 50, 75 and
100 lambda capacity. Special sizes are avail-
able on short notice.

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.

Send for samples

Made in U.S.A. by

DRUMMOND SCIENTIFIC CO.

500 Parkway South

BROOMALL, PA.
Circle No. 159 on Readers’ Service Card
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The new Beckman Research pH Meter—an instrument so precise, its relative accuracy is 0.001 pH.
Its repeatability is 0.0005 pH. And proven Beckman features like the null balance of the Model G
are combined with new concepts to provide you with unparalleled performance. Your Beckman

Sales Engineer is eager to give you a personal demonstration or you may write to us direct.

Beckman®  instrRuMments, inc.

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION
FULLERTON, CALIFORNIA

INTERNATIONAL SUBSIDIARIES: GENEVA, SWITZERLAND; MUNICH, GERMANY; GLENROTHES, SCOTLAND; PARIS, FRANCE; TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA
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contact your local laboratory equipment dealer or:

Techne (Princeton) Ltd., 661, Brunswick Pike
Princeton, New Jersey, Area Code 609:921-2817
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Klerr . . .

Photometers

K[eﬁ-gumme/uan

Plotoelectric
Glads Cell
Colorimeler

n
No. 900-3

No. 2070

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.

=

———KLETT SCIENTIFIC PRODUCTS ———

|

|  PHOTOELECTRIC COLORIMETERS e BIO-COLORIMETEES
| GLASS ABSORPTION CELLS ¢ COLORIMETER NEPHELOM-
} ETERS e GLASS STANDARDS ¢ KLETT REAGENTS

K/€ff Manufacturing Co.. Inc.

179 EAST 87TH STREET, NEW YORK, N. Y.
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PHASE OF THE MOON" SYSTEMS

THE SIMPLE SOLUTION TO COMPLEX COUNTING ROOM PROBLEMS

Up to 30
digits of
programmed Up to
information 160 ten
4 mc scal-
ers with a
single

readout X
I

pile-up
during

FROM ‘ V readout
RIDL

GROUP 99

UER | [ANIR

SHRIEN | [ERSE _
INSTRUMENTS | y e

_output

o
Timing "

. capabilities: ",
999 days in

¢ millidays &

Phase of the Moon
is a registered trademark
of RIDL

Radiation Instrument Development Laboratory

4501 WEST NORTH AVENUE . MELROSE PARK, ILLINOIS « 681-2323 « CABLE: RADILAB « TWX: 312-681-3448
DIVISION OF NUCLEAR-CHICAGO CORPORATION
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POTENTIOSTAT >+

for investigating electrochemical reactions
m metals and alloys.

WENKING Potentiostats, which can also be employ-
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. 115380

ST. LOUIS = CHICAGO = HOUSTON s CLEVELAND s PHILADELPHIA = SAN FRANCISCO

| N S UMENTS__
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Water Shortages Becoming More Critical . . .
Conserve Water in Your Laboratories!

Pl giesct s = . S |

Order today from your laboratory supply
dealer or direct from Buchler . . .

or send for Bulletin A 2-9000

for complete 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%
of the amount of water normally used and

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.

Watenr

Booster'

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.
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LABORATORY APPARATUS
eUCHLER
INSTRUMENTS
Rt ff_RECISION INSTRUMENTS
Circle No. 122 on Readers’ Service Card

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 60cycleonly.......... $249.°0

BUCHLER INSTRUMENTS, INC.

1327 16th Street, Fort Lee, New Jersey
Phone 201-945-1188 or call N.Y.C.direct LO 3-7844




FROM JOHNS-MANVILLE N

Diatomite supports
for gas chromatography

CEHROMOSORIE

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 treatedand AW-DMCS treated.
The following are brief descriptions of
the various grades.

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.

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.

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.

HEXAMETHYLDISILAZANE
(HMDS) treated Chromosorb P and W :
the HMDS treatment is another tech-
nique to reduce surface effects of the
support.

J-M RESEARCH LABORATORY
Johns-Manville, the largest producer
of supports for gas chromatography,
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 program possible. Projects
are under way to improve existing
grades of Chromosorb by various treat-
ments as well as to develop new types

of Chromosorb. In addition, the labora-
tory serves as the source of informa-
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.

Latest Chromatographic Developments

NEW. .. MORE INERT CHROMATOGRAPHIC SUPPORTS

AW-DMCS-TREATED CHROMOSORB

Acid-washed dimethyldichlorosil-
ane (AW-DMCS) treated Chromo-
sorb P and W are 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 methy!
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-
blein ourtechnical bulletin FF-114.

O FF-101 O FF-102

NAME

5 per cent
squalane on both
supports to sepa-
rate a mixture of
ethanol (A), methyl
ethyl ketone (B),
benzene (C), and

| cyclohexane (D).

A CHROMOSORB W
AW-DMCS
TREATED

CHROMOSORB W
L ACID WASHED

JOHNS-MANVILLE, BOX 325, NEW YORK 16, N.Y.

Please send me the following technical bulletins:
O] FF-103

[0 Please add me to your permanent Chromosorb mailing list.

O FF-104

ADDRESS

CITY

ZONE

COUNTY

STATE
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CRS-10

DIGITAL INTEGRATOR

Simple Compact
Accurate Low-Cost

The CRS-10 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-10 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 cne 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-10 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.

@ |nput: 1 mv full scale; optional Range Switch allows 5, 10 or 50 mv full
scale.

For specific application
data, please contact —

INFOTRONICS

HOUSTON 27, TEXAS RS,

1401 S. POST OAK ROAD /
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No. @@ in the

" ADVANCES IN

CHEMISTRY
SERIES

MASS SPECTRAL
CORRELATIONS

by FRED W. McLAFFERTY
Dow Chemical Company

This ccmpilation gives the empiri-
cal and structural formulas of ions
that might be found at a particular
m/e 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.

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 prominentions
in the mass spectrum of an unknown
compound with a further indication
of the general probability of their
occurrence.

Newcomers to the field will find
this book indispensable. Experts
will find it a timesaver in interpreting
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?

117 pages. Paper bound. Price: $4.75

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 of 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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Mom announces the new. . .

Whirlpool Thermoelectric
IMMERSION COOLER

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 115-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.

Cooling Unit. Made in the form of a thick nickel-
plated copper blade, the cooling surface is 6 inches
long X 234 wide X 114 inches thick, providing an effective
area of approximately 45 square inches when immersed
to recommenided depth. Three-pin receptacle for power
input and tapped hole for horizontal attachment of
5% X 3%-inch diameter mounting rod are provided in
polypropylene shank. Two !4-inch o.d. tubulations
emerge frcm 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 cooling water is inadvertently shut off (see
Power Supply).

FOR LABORATORY BATHS

e produces sub-zero temperatures
e eliminates rigid coil connections

e compact, silent

Power Supply. Suitable for unattended, continuous
operation to provide 3-volt, 25-ampere d.c. operating
power. Contains transformer, two silicon diode reecti-
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

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 dand his staff to arrive at a fair appraisal of the work.
It often happens that 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. If, 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.

P> 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 colorimeiric 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 Arizonq,
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 wun-
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
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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 metalion 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 o,0-
dihydroxyazonaphthalene indicators are
likely to give sluggish end points when
used with transition metals and small
highly charged ecations and are useful
primarily with divalent nontransition
metal ions. Faster end point reactions
are observed when one of the co-
ordinating hydroxy 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-1-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 are 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
Al(H:0)¢*3 than EDTA, it gives slug-
gish end points with nickel and copper
indicator complexes. Thishe 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 eritical with the aquated metal
ion where orientation effects are less
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; chromium
(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-
sults 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 t0 59 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 titratioms, 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, Al, 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, thereby eliminat-
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 EDTA. When all the
Mg has reacted, no further color change
oceurs 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 > 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
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behavior and, conversely, the inter-
pretation of such behavior to elucidate
the nature and properties of metal
chelates. The formation constant of
the Cr(ID-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 KCl to bring the ionic
strength to 0.1M. 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 d¢ 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 (Eye = —1.227 volts vs.
SCE) but became more negative with
pH values below 4. This indicates
that the neutral CrY —2is 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 E;» in
the pH range 4 to 6, and the K, of
CrY—?, 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.

1995



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 jons. 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 jons 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
extraction. :

Zine in aluminum-base alloys may be
separated by passing & 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 zine dust
by masking the metallic zinc by amali-
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
extraction with sodium diethyldithio-
carbamate. The sample solution, buf-
fered to pH 5.5 is treated with sodium
diethyldithiocarbamate and the carba-
maites 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 zine 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
FEriochrome 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 zne, 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.

Molybdenum 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 caleium, 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 investigationsin
the field of 0,0-dihydroxyazo 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 determination of nickel and
palladium. The vic-dioximes have also
been used as the basis for alkalimetric,
oxidimetrie, complexometric, ampero-
‘metrie, nonaqueous, and heterometric
methods of analysis. Rhenium, iron,
nickel, cobalt, and copper are among the
metals which can be determined spectro-
photometrically with the wic-dioximes.
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(II)-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.
Theése 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 s 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-quinolinol, 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

The analytical
results was

8-quinolinol chelates.
significance of these
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 zine 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(II)
and Cu(II). 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
ginc-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 zine.

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(II),
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(Il), and NTA.

Several analytical applications of
metal-polyelectrolyte complexes were
discussed. The equilibrium dialysis
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procedure is simple and should allow one
to compare the relative binding power
of ligands directly. Since a low con-
centration of polymer (10—*N) 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 pHs 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 pHy, 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, MAy, 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. Thusin 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-TT A-acetate molecule
is the extracted species and served to
enhance the extraction. On the other
hand, in the case of rare earths, lan-
thanum and others, the pH of extraction
is & function of the acetate concentra-
tion, shifting the extraction of these ele-
ments to higher pH wvalues 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
hexone and TTA is synergistic in that
aluminum can be extracted at pH 0.
The extraction of iron 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
102 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  hexafluoroacetylacetone  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 trend was observed in the
relative ease of elution. Chelates of the
fluorine-containing  B-diketones are
considerably more volatile and can be
eluted at much lower coluran tempera-

tures than corresponding complexes of
acetylacetone. Column temperatures as
low as 30° C. have been used in separa-
tions of hexafluorcacetylacetonato com-
plexes.

Trifluoroacetylacetonato chelates of
beryllium(II), aluminum(IIl), gallium
(11I), indium(III), chromium(III), iron
(III), copper(Il), rhodium(IIT), 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(1IT), chromium(IIT), rho-
dium(I1I), and zirconjum(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 highly sensi-
tive electron capture detectors. Recent
studies have shown that quantities of
halogen-containing organic compounds
on the order of 10712 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
cts and {rans 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.



Kinetic Origin of Tailing in Chromatography

J. CALVIN GIDDINGS

Department of Chemistry, University of Utah, Salt Lake City 12, Utah

P Tailing may be assumed to originate
as d 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, first pro-
posed by Giddings and Eyring in
1955. Concentration profiles 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.

TAILING 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 isthus
necessary to explain certain occurrences
of tailing in terms of & 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

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 ecall 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 umits. 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, & number of mechanisms for
tailing have been proposed. These in-
clude the effect of the adsorption iso-
therm, volume changes caused by sorp-
tion (I), 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),
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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.
and kg4 respectively. Thus 1/k, will
be the mean time required for a molecule
to adsorb on this type of site and 1/k,
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 (?) that the elution profile cor-
responding to the above assumptions is

P(t.s) = (k_____a’:d‘m) Ve e~ katm— kats
I (V& katat,) (1)

where ¢, 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,
ts, 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.. The di-
mensionless parameters, a; and a., are
equal to k.. and k., respectively.
With this change of terms and variables
Equation 1 becomes

P(y) = (E‘.ya_z) HE T

I (Viaay) (2)

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 ¢{, = 0 and the
ideal profile contributed by them, anal-
ogous to Equation 2, is .

P'(y) = e™n &(y) 3)
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Elution profile with a;

Figure 1.

In this and subsequent profiles the light solid line is a direct consequence
of the tail-producing sites, the dashed line is the same except as it is
smeared by column processes, and the heavy solid line Is the final con-

centration profile

where the delta function, 8(y), signifies
an infinitely thin pulse at y = 0. 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 oceur 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 ¢ (the
elution time) after injection to make its
appearance. Thus our coordinate sys-
tems using {, or y have their origins a
time ¢ after injection.

The effective diffusion of solute is
related to both ¢ and the number, N, of
plates in the column. Thus the stand-
ard deviation, 7, on the time scale
(which may be used as the parameter-
characterizing diffusion) is given by -
= /NN = (to/VN)(t/tn). The
ratio t,/t is simply the B value (zone
veloeity over carrier velocity) for the
undisturbed component peak. Thus =
= t./ R\/ N. The standard deviation,
gy, along the y axis is given by o, =
7/t.. Thus

oy = 1/RVN )

Thus if one chooses reasonable values
for B and N, the diffusion parameter,
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o, 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 (10).

Py(z) = bexp[—a(l — z) — bzx]
I/3abz(1 — z) (5)

P(z) = [abz/(1 — z)]'1* :
expl—a(l — z) — bz] Iin/4abz(1 = 2) (6)

Pyz) = et §(1) 7

where x is the fraction of the total time, ¢,
spent unattached to the second site and
thus 1 — z is the fraction of time spent
adsorbed on this type of site. Since the
molecule is migrating normally when
unattached, z 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, = 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 @ = kgt and b = kRt (the
R appears in the last expression be-
cause only the fraction B of unattached
molecules is free to react, the rest being
adsorbed on the normal sites). Both
I, and I, are Bessel funetions.

The effective diffusion processes of
the column, to be superimposed on the
profile discussed above, is once again
related to the number of plates generated
in migrating to the final position & dis-
tance L along the column. The stand-
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landas = 1 Figure 2. Elution profile with a; = 1/, and oy = 1

ard deviation, ¢, developed by an un-

disturbed zone, is given by L/A/N in
this case. The standard deviation in z,
oz, is modified to ¢/L because of the
change in scale factor. Thus

o: = 1/v/N (8)

Once N is fixed at a reasonable value,
the extent of diffusion can be calculated
in a,_ccordance with the o, 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,
a; and a,, 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 B = 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 @i = a; = 1. 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 ¢, for desorption. It is this
slowness of desorption which produces
tailing, for in the time & 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 migrates through /1o
(since B = 0.1) of the column length.
Since at its widest point (just before
elution) the zone width, 4¢, is only /s
of the column length, 2 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 similar to Figure 1. The
only difference is that ¢; has been
changed from 1 to !/,. 'This means that
more molecules (619, instead of 37%)
migrate through the column without
being disturbed by the tail-producing
sites. The concentration in the tail
(controlled by a;) is thus less, but its
length (controlled by a,) is just as great.

In Figure 3 a, has been increased from
1 to A/10. This increase in desorption
rate reduces the length of the tail.
The tailing is still noticeable, however.
The value /10 was chosen for a; in
order to make k. equal 1/7, where 7 is
the standard deviation of the undis-
turbed peak in time units just before its

1 and a; = V10

30

elution. The fact that k; equals 1/7 can
be shown by writing ks = a/t, =
\V10/tn, and 1/7 = R\/N/tn =
\/ﬂ)/t,,.. If a different column with
some other N is chosen, we would expect
a similar profile as long as ks = 1/7, an
equality that can be arranged by letting
ay = R'\/]V.

Figure 4 shows a profile in which a,
has been increased to 40/10—i.e., kg =
4/r. Very little tailing is evident.
This was anticipated, since a molecule
held up by a tenacious site for the time
1/ks, or 7/4, 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 k¢ < 1/7 or a; <
V/N/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, ete.), the
column plate height is (4)

H = 2R(1 — Rw/k; (9)

where v is the mean velocity of the
mobile phase and ks is the rate con-
stant for desorption from the normal
site. Since a; = ki, the ratio of
kgto kais ¢

ki/ka = 2R(1 — R)N /ax (10)

where N has been used in place of L/H.
The critical value of as, from above, is

R~N/N, which combined with Equation
10 gives

K /ks = 2(1 — RVN (11)

20 3.0

Figure 4. Elution profile with a; = 1 and a; = 4+/10

Thus for the parameters used in this
paper, N = 1000 and B = 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 =, 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, & long narrow pore
will equilibrate slowly with external
solute because of the large effective
diffusion distance, d. The equilibra-
tion time increases with d? and thus the
effective desorption constant, kg, is pro-
portional to 1/d% (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 ks 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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divided by the normal retention time,
t, minus ¢,. This fraction is 1/(1 — R)
\/N . For the parameters used above
this is 0.035—i.e.,13.5% of the liquid
should be found in large units. This
requirement could: probably be relaxed
somewhat, since tailing would undoubt-
edly be discernable if a; 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 for nonelution chromatog-
raphy. Once again a column is
assumed which generates 1000 plates and
the R value is 0.1. Figure 5 is plotted
with the parameters ¢ = 1and b = 1.
The tailing is more prominent than in
Figure 5 where the sorption rate is eut
in half, b = 1/, 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 descrp-
tion rate parameter, g, 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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Figure 6. Nonelution profile witha = 1 and b = 1/,

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

Thailing 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 ancther 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

J. J. KIRKLAND

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

P 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 typical diatomaceous earth
columns. In 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 (14, 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. I.
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

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 fluorccarbon 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 (13.69, by weight),
ethyl acetate (30.99), water (22.99,)
and n-butanol (32.6%,). These solutes
illustrate a variety of polar types.
Unless otherwise indicated, 1 wul. of the
test mixture was injected into the
chromatograph with a 10-ul. Hamilton
microsyringe.

Supports. The supports studied
during this work are listed in Table 1.

Fluoropak-80 was obtained from The
Fluorocarbon Co., Fullerton, Calif.

This granular type fluorocarbon resin.

has a sponge-like structure of relatively
low surface area. Particles are some-
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what rod-like, irregular, do not easily
aggregate, and have only a slight tend-
ency to develop troublesome static
charges during handling.

Full-range Teflon-6 powder, obtained
from the Plastics Department, E. I.
du Pont de Nemours & Co., Wilming-
ton, Del., was used as received. Sized
Teflon-6 (40 to 60 mesh) was obtained
by carefully sieving full-range material,
as described below. Teflon-6 is com-
posed of fragile aggregates that tend to
develop static charges easily. This
polymer contains a significant number
of minute pores which contribute 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 granular molding
powder, obtained from Minnesota Min-
ing & Manufacturing Co., Jersey City,
N. J. The fairly uniform Kel-F par-
ticles appear to be aggregates of smaller
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, Ysinch o.d., 3/ieinch 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.
The 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

Table I. Fluorine-Containing
Polymer Supports
Surface
area,
Type Designation m2/g.e
Kel-F 3081 Powder, 2.2
full-range
Fluoropak-80  Full-range 1.3
Teflon-6 Lot #80185, 10.9
full-range
Sized Teflon-6 40-60 mesh 10.5

s Nitrogen flow technique (14); a
sample of Teflon-6 carefully characterized
by conventional B.E.T. measurements was
used ag a standard. The surface area of
another sample of Teflon-6 has been
reported as 11.7 m?/g. (8).
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substrates on the support was within
19, 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
difficulty is overcome by placing the
material in a round ice cream-type
cardboard container, chilling the con-
tents to about 0° C., 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 & 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

i Evaporation of the solvent must
be carried out slowly. The evaporative
cooling of the volatile solvent should
magintain 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 column 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 iz sufficient to
ensure a homogeneous packing if the
packing material is kept cool during the
filling process. Additional tapping of
the column is usually undesirable, since
the packing may tend to aggregate into
“plugs” which may channel the flow of
gas. After completely filling the column
in this manner, close the open end with
a small glass wool plug. A 1-meter
column of 209, liquid on Teflon-6
should contain approximately 11 to 12
grams of packing. Such a column re-
quires an input pressure of 4 p.si.
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-
ties of cooled Teflon-6 packing should
be emphasized. Presumably, the reason
for this is that Teflon has a transition
point at about 19° C. The lower tem-
perature state is significantly harder
and has much less tendercy to ag-
gregate. )

Because Teflon-6 is a spougy, fragile
material, it was initially feared that
columns made with this support might
have serious channeling problems, which

2004 o ANALYTICAL CHEMISTRY
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COLUMN -35°C

20% DIGLYCEROL
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\VATER Figure 1.  Separation
0 3 6 9 1z 15 18 5 3 6.9 12 B B of test mixture with
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COLUMN-75°C

ETHYL ACETATE
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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

n-BUTANOL

Support: full-range Teflon-6
Carrier 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
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Figure 2. Surface energy plot for
solids

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
earth column supports, this liquid
spreading problem is seldom en-
countered, since siliceous surfaces
usually have a much bigher 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 (16), fluorine-containing poly-
mer supports often show a dispro-

diatomaceous

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 29,
loading. Above this point, the specific
retention volume plot is linear. The
diglycerol spreading phenomenon in
this instance is analogous to the case
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Figure 3. Effect of type of liquid
phase on specific retention volumes

where water droplets are placed on a
glass plate which has Dbeen mostly
covered with & 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 29,
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 29 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
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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. em. 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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Figure 4. Effect of amount of liquid
phase on specific retention volumes
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Figure 5. Effect of amount and type
of liquid phase on column efficiency

Solute: n-butanol
Carrier flow: 50 cc./min.
Column temperature: 75° C.

surface energy of liquids 1epresented 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 these 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, such as that
of the Teflon-6 plot shown in Figure 4.
Plots similar 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 specific retention
volume plot of Kel-F in Figure 4 is
linear, indicating basic differences be-
tween fluorocarbon and chlorofluoro-
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 effectively 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 surface of
which is mostly of a lower energy than
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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 m-butanol, a
compound of high surface energy, down
4 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.

SOLUTE - n - BUTANOL

FLUOROPAK - 80

HETP, mm

KEL-F

o | 1 1 1 L ! L L
[o] S o 15 20 25 30 35 40
WEIGHT PER CENT CARBOWAX 400

Figure 6. Effect of weight per cent
liguid phase on column efficiency

Column temperature: 75° C.
Carrier flow rate: 50 cc./min,

The HETP curves for squalane and
Carbowax 400 in Figure 5 are similar 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 flowrateused.

As shown by the data in Figures 5 and
6, optimum HETP values for Kel-F
columns are produced when 15 to 209,
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
/s that of Teflon-6. A reasonable
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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 Xel-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 109, 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 209, Carbowax 400
columns is obtained with a helium
carrier gas velocity of about 3 to 5 cm.
per second. With 409, liquid loading,
the column is strongly liquid diffusion-

6 9 2
TIME, min

limiting. Asindieated 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, emphasizing 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:

HETP,
Support min.
Fluoropak-80, full-range .6
Kel-F, 50-80-mesh 2.6
Teflon-6, full-range 2.3
Teflon-6, 40—-60-mesh 1.7
Chromosorb W, 80-100-mesh - 1.1

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 pg. are chromatographed on & 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
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Figure 8. Effect of linear gas velocity
on column efficiency at various liquid
loadings

Column temperature: 75° C.
Full-range Teflon-6

larger than about 100 pg. 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 and
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Figure 9. Effect of linear gas velocity

on column efficiency

Column temperature: 75° C.
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20% LIQUID PHASE ON
FULL-RANGE TEFLON-6
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Figure 10. Effect of sample size on
column efficiency

Squalane column temperature: 35° C.
Carbowax 400 column temperature: 75° C.
Carrier flow: 50 cc./min.

the tendency to overload the column, are
of less significance for n~-butanol than for
& 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 ug. of acetone
are chromatographed in a squalane-
Kel-F column, a 10% increase in the
specifie retention volumes is noted over
that found for sample sizes larger than
about 100 pg. With the Carbowax
400-Kel-F column, however, less than
5%, increase in specific retention volume
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26~ i
SOLUTE -n- BUTANOL
24| i
22 DIGLYCEROL B
———— ZARBOWAX 400
20 ‘ .
O —25¢c/min
18- R ¢ —75¢c/min -
-lSOcc/mm
16 -
£
E
ol e
&
Ly
Tzl / -
10 _
8 ]
______ —
5_ - -,_‘____...A N
O\‘_Q/O\O
AU Kemm—— X = = =) X e 1
2l O=ge—mO-g3==9-0- B
60 70 80 90 100 110 120 130 140 150
TEMPERATURE, °C
Figure 11. Effect of temperature on

column efficiency

Support: full-range Teflon-6
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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 Xel-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
aleoholic 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 209, 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

Table . Optimum Operation of
Supports
Optimum
carrier
Optimum linear gas
liquid phase,  velocity,
Type Wt. % cm. /sec.
Teflon-6 15-20 35
Fluoropak-80 2-5 ca. 2
Kel-F 15-20 7-15
temperature range studied. Very

similar results were also obtained with
a 209% 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 209,
diglyeerol 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

COLUMN - 10% CARBOWAX 400
ON 40-60 MESH TEFLON-6

waTER ~ COLUMN TEMPERATURE-125°C

RECORDER RESPONSE

bl

L n l N E—
] 3 [ E] 12 15 18 21
TIME, min

Figure 12, Separation of organic
acids in aqueous solution

Carrier flow: 50 cc./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.

COLUMN ~10% CARBOWAX 400
ON 40-60 MESH TEFLON-6

WATER

HN—(CH3),

RECORDER RESPONSE

SAMPLE IN
(COLUMN 35°C)

INCREASE
135C/min

L n s
5 3 6 9 12 15
TIME, min

Figure 13. Separation of alkylamines
in water

Carrier flow: 50 cc./min.



APPLICATIONS

To test the applicability of the
techniques developed during this study,
model separations of highly 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-
400-Teflon-6 column is shown in the
separation of a dilute aqueous mixture
of highly basic compounds, dimethyla-
mine and diethylamine, as illustrated in
Figure 13. This is a programmed
temperature separation with the column
held at 35° C. for sample injection,
followed by a temperature increase of
13° C. per minute.

In addition to the obvious advantages
of using fluorine-containing polymer
supports for the analysis of highly 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 160° C. for
Kel-F and about 275° 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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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.

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
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been proposed. According to Khan
(18) the contribution to the plate height
of a resistance to mass transfer at the
gas liquid interface is

2k'dsu

A+ )% M

Hyt =
A more general expression has been de-
rived by Giddings (10)

H..'al +p =

=X,
Xikey

(Xb + Xp)
. X skab k’b

(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)

2Xu

2k’u

a¥ F @

Hyo? =
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The main drawback of these ex-
pressions is that aectual values of the
parameters involved are not easily ob-
tainable for practical chromatographic
systems, so that H;, cannot be estimated
in such cases. In the present paper
an attempt has been made to remove
this difficulty and hence to estimate H;,
for each of the four basic types of chro-
matography.

GAS SOLID CHROMATOGRAPHY
Since (2, 11)
(hpo)™ =7 = 769/ ET (4)
and, according to Cremer (6),

r o BSer RT 5
k e’ 2xM ©)

Equation 3 may be written as

2k (3R
~ @+ Ner v @

From Equation 6 it is clear that H,e»
increases as the surface area of the ad-
sorbent decreases. S, may be written
as S, (1—e¢’), where, for spherical par-
ticles with a smooth surface, S, =

H WP =

6/d, (4). The maximum value of H,e»
is therefore given by
) (k')dy €’ 2aM
Bt = gat 3@ =) N BT ©
(M

The relative importance of H%? 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 basis for comparison with H;s»
since this mechanism is always present,
and it is one of the smallest causes of
band broadening. Although several
expressions have been proposed to de-
scribe this mechanism, they all predict
approximately the same contribution
to the plate height (7). Consequently
the simplest expression

0.01 (k") dy? u
“a + kD, (8)
proposed by van Deemter (7) would

serve the present purpose.
From Equations 7 and 8

Hy _ 33.3¢'D, Sl
Hy  B(1 — €)dy RT

Representative values of the quanti-
ties appearing in Equation 9 are:
D, = 107! sq. cm. per second, d, =
2 X 10%cm., T = 273° A, M = 50,
¢ = 0.4. Ascribing the maximum
value of unity to 8, it is found that the
ratio in Equation 9 is =~ 0.01. Al-
though this parameter may vary over a
wide range, under normal circumstances

Hym =

(9)
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the contribution of H;9o» 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
ks that the contribution of interfacial
resistance to band broadening at the
liquid solid interface may be written as
(10

H,'» = ﬁ—kk')’ uTer“/RT (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 &’ to 7 is extremely
difficult to derive because of the com-
plexity of the liquid structure. How-
ever, the relative importance of H'»
may be assessed by comparing it with
the expression for H,. proposed by van
Deemter. From Equations 8 and 10
it is seen that
200 Dyroe®/ET

H‘irlp
Ha =~ way Y
Representative values of the quan-
tities in Equation 11 are: D; = 3 X
1075 sq. cm. per second, d, = 2 X 1072
em., 7, = 10713 second, and 7" = 300° A.
Q. rarely exceeds 13 kcal. per mole
(12), and even if &’ is taken as unity
(which would probably be an under-
estimation for @, = 13 keal. per mole)
the ratio in Equation 11 is =2 0.004.
One may therefore conclude that H,'»
would be important only under ex-
ceptional circumstances.

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, =~ 0,
and hence Equation 2 reduces to

2
Hoot = 2X [(1 Xakx:) ] (12)

where k;, 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

(keg)™t = roetBe T PAV/ET)  (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

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 suffi-
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 below
to caleulate the value of k&, 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, 2, is usually 3/, of its neigh-
bors in the bulk of the solution, z
(28). One may calculate 2 if it i3 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 7; is completely sur-
rounded by molecules of radius ;,
4, A(rs? 4 2rir))

z=~z=——;i—2——— (14)

w

The intermolecular attraction energy
of a pair of unlike molecules may be
calculated by summing the van der
Waals expressions (17)

2l‘t F‘J
Bx = g6 7 00T (15)
2[‘4 aj
E’ ——ty
RO PR (16)
3aia,' I.Ii

B = s v 1)

'3 auiaiv®»h

2(rs + 7" + »°)

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)

M 13
r= (6.93,,1\70) (18)

An expression due to Onsager (31),

u? = 4.96 kTr3 X
(2¢ + np?)(e + 2)] ( _mnp?—1
3e(np? 4 2) e+ 2 np? + 2
= 6.846 X 10-87r34 (19)

has been used to estimare the dipole
moments in Equations 15 and 16.
The radius, 7, in Equation 19 is that



defined by Equation 18. A is a func-
tion of ¢ and np only.

The polarizability is calculated from
the Lorentz-Lorenz expression (31),
using Equation 18, as

a=1 654( r3 = 1.654 Br3 (20)

np? + 2
where parameter B is a function of
7p only.

Values of I or »° are not easily ob-
tained. However, the wvalue of I
for most organic molecules lies between
200 and 250 kecal. per mole (7) and
consequently an average value of I
of 225 kcal. per mole (»° = 241 X
105 second™!) may be used without
introducing undue error. From Equa-
tions 14 to 20, using this value of I,
it is found that

sz 49. 23(A1Az 4 4By +
1.45 X 10°BiB\[442 + ¥)
4Bs + T )L a+or

(21)

where y is given by /7.

The parameter 7, in Equation 13 is
the reciprocal of the vibration frequency
of the surface molecules (2) of the lig-
uid. An expression has been derived
(23) for this frequency in a condensed
system of molecules obeying Mie’s
potential as

1 _ 1 48&)1/2

To 2 w@e My

(22)

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

m.-m;z' (23)

m =
T mg + mg2

when a molecule of mass m; is vibrating
with respect to 2z’ molecules of mass
m;. For the present purpose E, is
the energy of interaction of a solvent
molecule with nine nearest neighbors,
and e, may be taken as 2r,. From Equa-
tions 22 and 23, with an expression
similar to Equation 21 for I,, it follows
.that 7, may be written as

1 _ 161X 104,
= G ATt

24:B:T + 1.45 X 10'B2)Vz (24)

The rate constant, %, as given by
Equation 13 can now be expressed in
terms of easily determined parameters.
E, is calculated from Equation 21;
PAV = RT per mole; 7, is calculated
from Equation 24. Making the rele-
vant substitutions,

5.92 X 103
ksg = (2r) M, % (4.*
1.45 X 107Bg?)v?

T + 24:B.T +

exp 3 —49.23(A1A2 + 4B: + A:By +

1.45 X 10*B:B; y{(2 + y)
) [ s £ (25)

The factor ks 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 AE’, the
latter by TAS’. If AFy; is the free
energy for diffusion in the bulk liquid
phase, it follows from the theory of
absolute reaction rates that

by = %’ ¢(AFb — AB’ + TAS)/RT (96)

For diffusion in the bulk liquid
phase the volume and entropy changes
are negligible and, hence, from the well-
known definition of AF,, AF, =2 AE,,
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,
AR’ =2 1/,AE,. Furthermore, it has
been suggested that AF, is a constant
fraction, usually 1/;, of the energy of
vaporization per mole, AE,. Equation
26 may then be written as

IcT — (1/4 AEv + TAS")/RT

7€ (27)

kcb

AL, can be calculated from Equation
21 by setting y = 1, 4; = 4,, and B,
= B,. Thus,

AE, = 231RT X

4
(A22+2A232+145 X 104By?

) @8

The entropy due to vibration perpen-
dicular to the surface with a frequency
v, .can be calculated from statistical
thermodynamics as (3)

r o [Py owser _ TP
AS' = R [kT (e 1)
In(1 — e—hvs/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., from Equa-
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Table L. Physical Properties of PEG

400 and Silicone Oil at 25° C,
PEG 400 Silicone oil

M 400 550

py g./cc. 1.0 0.97

€ 11.40 4.00

3] 1.465 1.405

r X 108 cm. 4 .58 5.14

A, 1.179 0.320

B, 0.276 0.245

tions 27 to 29, v, which is equal to
1/7,, being obtained from Equation 22.
In this case, E, will be given by the in-
teraction between a solute molecule
and its 2’ surrounding solvent mole-
cules, and is described by an expression
similar to Equation 21.

In order to estimate the value of H.,**
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

X., 27‘2
X d, (30)

“Usually 2ry <« d;, and consequently
X, « X, Under these conditions,
X, = 1/ + k) and X, == ¥/(1
+ k’). Substitution of Equation 30
into Equation 12 then yields

ok’ Lyds
(1+k')2(k,, ) 2 B

where %, and £k, are functions of
parameters A and B which, for the
more common molecules, may be cal-
culated from tabulated values of e
and np. These data are, however,
not generally available for the stationary
phases commonly employed in chroma-
tography. Consequently, approximate
values of ¢ 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 np 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 (2ro)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 A,.
B; has been chosen ag 0.25 in both cases,
this being a representative value for
the solutes generally encountered in
practice.

Hn‘
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Figure 1. Variation of (2r)k,, with
y at 25° C. for silicone oil

8 = 0.25
<. A1 = 0
b. A1 -]
& Ap= 2
d. A-, = 3
(.3 A] = 4

One may calculate &, from Equations
27, 28, and 29. From Equation 29,
A8’ increases with decreasing frequency
of vibration, and hence, from Equation
22, with decreasing intermolecular
interaction energy. An approximate
lower limit of (2ry)k.s was caleulated by
taking A1 = O, Bl = 0.25, a:nd Yy =
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
vield (2r2)ks = 500 and 1000 ecm. per
second, respectively.

The relative importance of interfacial
resistance as a mechanism giving rise
to band spreading in gas liquid chroma-
tographic columns can now be assessed
by comparing the expression for H.%
given by Equation 31 with that de-
scribing the resistance to mass transfer
in the stationary liquid film, H.,;, which
is also a function of d, (10)

Ho = 2kds
"7 3(1 F kD,

From Equations 31 and 32,

He' _3Di[_ 1 1
H: =4 [(2f=)kw+(2fz)k:b] (38)

Taking D; as 3 X 1078 sq. cm. per sec-
ond and d, as 1073 cm.,, it follows from
Equation 33 that H,** 2 H,; when the
factor in the brackets is > 10 cm.™?
second. From what has been said
above it is clear that the contribution of
(2ra)ks to Hi?" is negligible, and hence
that desorption from the interfacial
region into the gas phase is the rate-con-

(32)
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trolling mechanism in interfacial re-
sistance for both polar and nonpolar
stationary phases.

Figure 1 shows that for silicone oil
2rsk,, > 0.1 cm. per second over almost
the entire range of A, 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
4; = 2, 3, and 4 lie below the dashed
line representing the limiting value of
(2r2)k,, for the values of the parameters
chosen. Taking B, = 025 (np =
1.41), approximately the following
combinations of € and M /p yield (2r)ks,
= 0.1 cm. per second for PEG 400 at
25° C.: ¢ = 33, M/p = 120; e = 25,
M/p = 170; € = 17, M/p = 230;
and e = 9, M/p = 400.

An investigation of tables of ¢ (156)
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 2rk,,
would always be greater than 0.1 cm.
per second and consequently it is to be
expected that H;,** < H,, 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 4, 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

% du

B = o yioratkn,

(34)

If Equation 34 is compared with Equa-
tion 1 it is seen that ks = (2rok,,.
The expression derived by Khan for
ks cannot be evaluated for the systems
generally encountered in gas chroma-
tography, whereas (2ryk,, can. How-
ever, Khan has calculated k&, for a hypo-
thetical system consisting of chloro-
form as a stationary phase and acetone
as a sample at 256° C. He found that
kq = 0.002 cm. per second. If (2r)k,,
is calculated for the same system from
Equation 25, its value at 25° C. is 0.49
cm. 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

[¢]
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Figure 2. Variation of {2r))k,, with y
at 25° C. for PEG 400

have been accurately determined by ex-
perimental methods. The trestment
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 P..
The gas molecules collide with the
surface, and the number of collisions
(cm.™2 second™?) is ¢;,%; whers, from
the kinetic theory of gases,

kT
21rm.~

(35)

i =

To pass into the topmost liquid layer,
a gas molecule must possess sufficient
energy, say Ej, to force the liquid mole-
cules apart, making a hole largz enough
in the surface to accommodate it.
Molecules having energies less than E,
are assumed to be elastically reflected
back into the gas phase. If f(E./kT)
is the probability that molecules possess
an energy greater than or equal to E,,
the rate of condensation of gas molecules
on the surface is, from the ideai gas law,

Py 2xmikT) V2 f(Er/ET) (36)

To evaporate into the gas phase, the
condensed molecules must have suf-
ficient energy to overcome the attractive
forces of 2z’ neighboring molecules;
if this energy is denoted by F,, the rate
of evaporation is

Cis vs f(B/KT) (37)



These two rates are equal at equilib-
rium. From Equation 30 it is clear
that

Cie == 2riCid (38)

and from Equations 36, 37, and 38,
at equilibrium,

ii.: = 2rps f(E/KT)V ZemkT/f(Er/kT)
(39)

Experimentally it is found that
P; = KHC.'(, (40)

where Ky, 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, P; =
¢iokT and Equation 40 may be written
as

o ., kT

S =c.~, h

(41)
From Equations 39, 40, and 41,

8= f(E»/kT)\/ 2’”72- / 2rive f(Bo/kT)
(42)

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 ¢ 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 F; is (22)

FESRT) = ¢ /2T (B /kTYe~1 /(g — 1!
(43)

when E; > (g — 1)kT.

To evaluate Equation 43 for evapora-
tion and condensation, E, and Es may
be calculated from the model developed
above. The value of ¢ 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 ¢ = 1, and from Equation
43

F(E/kT) = e E/T (44)

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—
ie, g = % and (g — )! = /,\/.
From Equation 43

(B /ET) = 2675V \/E.JakT (45)

Table . Comparison of Theoretical and Experimental Values of the Ostwald
Coefficient
rs X 108, r; X 108, aj; X 10%, iy
Liquid Gas crm. cm. cc./mole Debye  Sineor. Sexpt.  Ref.
Benzene He 1.00 = 2.77 10.37 0 0.032 0.018 (5)
Ne 1.17 (2.62) (9.89) 0.025 0.026 (5)
Ar 1.43 0.097 0.243 (5)
N, 1.50 0.079 0.108 (6)
(0% 1.40 0.081 0.195 (5)
n-Hexane He 1.00 3.15 11.84 0 0.071 0.045 (6)
Ne 1.17 (2.78) (11.48) 0.037 0.063 (6)
Ar 1.43 0.051 0.494 5)
Methanol He 1.00 2.13 3.27 2.80 - 0.008 0.036 (5)
N; 1.50 (2.56) (3.28) 0.034 0.165 (20)
02 1.40 0.044 0.248 (20)
Acetone N. 1.50 2.60 6.38 3.50 0.114 0.182 (20)
O: 1.40 (3.12) (6.13) . 0.120 0.279 (20)

One can calculate », from Equation
22, setting £, = E, and a, = r; + 75
From Equations 22, 42, 44, and 45

S = mEn (ri + 1) oEe—Er/kT
24m.E, T
(46)

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, is calculated by multi-
plying the intermolecular energy of like
molecules by 2’ obtained from Equation
14. The intermolecular energy may be
taken to be !/y 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 (Z6) were employed for
oxygen and nitrogen. Tabulated val-
ues (24) of the polarizability and vi-
brational frequency, »°, 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 greater 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 caleculated from Equation 20.
The values of r; in the parentheses
were calculated by setting the latent
heat of vaporization (25) equal to 9(Fx
+ Ep -+ E.) and solving for r;; the
agreement with the predictions of Equa-
tion 18 is good, and if the value of 2.62
X 1078 cm. is used for the radius of

benzene, the values of S for He, Ne,
Ar, N, and O; 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.

UQUID-LIQUID CHROMATOGRAPHY

Theoretical and experimental work
by Drickamer and his coworkers (29, 30)
has shown that the rate of diffusion of a
solute through a liquid-liquid interface
can be as little as 10-8 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-desorption from the
surface of the stationary liquid phase.

The high resistance to mass transfer
across the interface in a ligquid-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
Dis _ (aBw ~ AEi)/RT (a7

Dy,

if it is assumed that, to a first approxi-
mation, the molar volumes of the sta-
tionary and mobile phases are the same,
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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. AE, is approxi-
mately equal to !/; of the latent heat
of vaporization (13) and from Equation
28

AEy;
RT

= 0.77(A,z +

24,8, + 1.45 I><T104Bs2)

(48)

The energy, AE.,;, consists of three
separate contributions. To penetrate
the topmost layer of the stationary phase
the solute molecule must not only have
sufficient energy to free itself from the
atfractive potential field of . (3/4)z
of the mobile phase molecules but must
also be able to make & 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
(*/4)z: molecules of the stationary lig-
uld phase,

AEi; = z'Ey + z'En — %Zz'Exz (49)

The individual contributions to AE;,
in Equation 49 follow directly from
expressions similar to Equations 21
and 28 as

2—;%-';‘7,'3 49. 23(A1A3 + 4By + AsBy +
1.45 X 104B,B,> W2 + y’)] (50)
T o (1 g7

z ki —077(A2 24,8
27 = O 2t -+ 248, +

145 X 1043

Ny +2) o)
and
o'y 1641<AA 4+ A\By + AsBy +
3RT » 1412 102 201
145 X 1043132) [ v2 + y)
T atgr] @2

where y’ is given by r1/rs.

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', Ay = A, = Az and B, =
B; = B;. TRepresentative values of
y and B would be 0.5 and 0.25, respec-
tively. Using these values, T = 300° A,
and 4 = 0, 1, 2, 3, and 4; the cal-
culated values of D;;/Dy; are = 0.14,
0.06, 6 X 1073, 1.7 X 1074 and 14
X 1078, respectively. This is essentially
in agreement with the results obtained
by Sinfelt and Drickamer (30).

Tt may thus be concluded that in
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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;; <« D, and hence that
diffusion across the interface would be
the rate-controlling mechanism. This
would imply that under such cireum-
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;% to H,. is clearly given
by Equation 11 with H, ! replaced by
H.n.

The factor 7, 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)2z; molecules of the stationary
phase plus that required to force (1/4)zs
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

i, 1,
Qs = E, = 3% B + 3% Ess (63)

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; = 3 X 1078 sq. cm. per second, d,
=2 X 102cm, k' =1, and T =
300° A. and calculating 7, and Q.
by assuming that M, = 500, r, =
X 10® em., and A; = 4, = A; = 3,
By = B:=B; = 025 and y = =
1—which can be regarded as extreme
values—it is found that the ratio of
H," to H,, in Equation 11 is = 0.04.
It follows that when little effective pene-
tration of the stationary phase takes
place, the contribution of H ' to the total
plate height in liquid-liquid chromatog-
raphy is negligible in comparison with
other band-broadening processes.

NOMENCLATURE

A = convenient parameter

a, = equilibrium separation dis-
tance of vibrating system

B = convenient parameter

Cij = concentration of solute 7 in
region j

D = diffusion coefficient of solute

Dy, = diffusion coefficient of solute
through interface

d, = thickness of stationary
liquid film

d, = particle diameter

ED; EK)

Ey;
E,

AE’

AFE,

AE,
AF,

J(E/kT)
Hir
}Irl

}[rm

Ttat e

Y

1%

AS’

& =3

By

o o It

o

I

| ' ft

Il

I

= Debye, Keesom, and
London attraction ener-
gies

energy required by solute
molecule to evaporate
from liquid surface into
mobile phase

interaction energy between
molecules ¢ and j

energy required by solute
gas molecule to penetrate
surface of liquid

minimum potential energy
of vibrating system

loss in energy of solute
molecule on diffusing
from bulk to surface of
liquid

energy for diffusion of
solute in bulk liquid
phase

energy of vaporization of
pure liquid

free energy for diffusion
of solute in bulk liquid
phase

probability that molecule
possesses an energy 2> E;

contribution of interfacial
resistance to plate height

contribution of resistance to
mass transfer in station-
ary liquid film to plate
height

contribution of interparticle
resistance to mass trans-
fer in mobile phase to
plate height

Planck’s constant

ionization potential

Henry’s law constant

Boltzmann’s constant

ratio of mass of solute in
stationary phase to mass
in mobile phase at equi-
librium

rate constant for desorp-
tion defined by Khan

rate constant for desorp-
tion from <th into jth
region or phase

molar weight

molecular weight

reduced mass of vibrating
system

Avogadro’s number

index of refraction for so-
dium D line

pressure

partial pressure of sub-
stance 1

amount of heat which must
be added to system to
desorb molecule

convenient parameter

gas constant

molecular radius

Ostwald coefficient

surface area of particles in
column per unit column
volume

surface area of particles in
column per unit bed vol-
ume

gain in entropy of solute
molecule on diffusing
from bulk to surface of
liquid

absolute temperature

carrier flow velocity



average value of component
of velocity in given direc-
tion of ideal gas molecule
of substance %

volume change

mole fraction of solute in
region %

ratio of radius of solute
molecule to that of sta-
tionary phase molecule

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

number of nearest neigh-
bors of molecule in top-
most layer of liquid

polarizability

fraction of molecules re-
flected from surface

dielectric constant

interparticle porosity of
column

dipole moment

- vibration frequency of zero-
point motion

vibration frequency of
molecule perpendicular
to surface

density

time of adsorption

convenient parameter

subscripts denoting solute,
stationary, and mobile
phases, respectively

b, 9, 1, p, s = super- or subscripts denot-

ing following regions or
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m
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7
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phases: bulk liquid, gas,
liquid, packing material,
liquid surface, respec-
tively :

%, = convenient subscripts
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A Combustion—Gas Chromatographic Method for the
Simultaneous Determination of Carbon and
Sulfur in Ferrous Metals

W. K. STUCKEY! and J. M. WALKER

Department of Chemistry, Kansas State College of Piitsburg, Pittsburg, Kan.

P> 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.

THE 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
{, 4, 8, 10). Recently, infrared spec-
trometry has been used for carbon de-
terminations with results reproducible
to 0.0019, (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 (?) 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 (17). The
proposed simultaneous method utilizes
gas chromatographic separation of the
combustion products and detection by a
thermal conductivity detector.

! Pregent address, Department of Chem-

istry, Kansas State University, Man-
hattan, Kan.
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Table L. Results of Carbon~Sulfur Determinations -
N.B.S. S
steel Mean Mean
sample N.BS, % Found, 9, 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
129b 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
10e 0.406 0.412 +0.005 +0.006 0.047 0.049 +0.001 +0.002
10g 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
EXPERIMENTAL t;hvz1 ma)gmum temggraéureTt})lf 350° g
. B and stabilize at 3 . e periods
Apparatus and Materials. The A during prefiring, column oven cooling,
system of Walker and Kuo (11) was and sample combustion are more than
employed with certain modifications adequate to carefully weigh all ma-
(Figure 1). The quartz combustion ve __ .| p terials and record the results for each
tube and double O-ring seal described Vi Vs determination.
by Kuo, Bender, and Walker (9) e £
allowed the samples to be combusted F RESULTS
in a pressurized stream of oxygen. For
this study, the brass components were c The results are shown in Table I.
rholzhum plateg.f A ; ﬁtamless steel Figure 1. Schematic diagram of sys-  To correlate between samples of varying
system was usec irom the quartz com- composition, a series of attenuation fac-

bustion tube through the silica gel
column using !/pdnch tubing and
Amineo 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 column 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 ml. per minute on the
sample side and 15 ml. 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 hours to
equilibrize. Block temperature was
200° C. The oxygen regulator was
then set for 16 p.s.i. This resulted in an
oxvgen 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 charged 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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A. Oxygen plus oxidation products
B. Silica gel column

C. Detector block

D. Sample side

E. Reference side

F. Helium supply

Vi, Vo, V3. Valves

Vs was closed simultaneously while
V. 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 V closed and V; 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, g 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

tors were evaluated, using the X1 posi-
tion as reference. The attenuator was
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 10-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 minutes was
found adequate for all samples except
122d, which contained the highest per-
centage of carbon. This sampie was
combusted 8 minutes. More erratic
results were obtained with samples
122d and 82a compared to the other
samples. Less wuniform 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 29,
of full scale with the attenuator on the
X1 position. The apparatus showed a
sulfur sensitivity of 20,710 counts 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. KUO?

Department of Chemistry, Kansas State College of Pittsburg, Pittsburg, Kan.

P An extremely sensitive and highly
precise method for the determination
of ‘carbon content in ferrous metals
by gas chromatography was de-
veloped. Somples 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° 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° C.
by means of temperature programming
while its orea 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 209 carbon), and high
sensttivity,

HE PROCEDURE of carbon deter-
mination in ferrous metals has been
well established. Many methods and
their modifieations have appeared in the
literature (1-8, 6, 11, 18). 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. 1In both cases,
the combusted gases were led through a
liquid nitrogen trap and the carbon diox-
ide was trapped. Sincesilica 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 a simultane-
ous C~-H-N determination using a gas
chromatographic technique. They in-
troduced the coupling of the high fre-
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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 furnace—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 ecarbon
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 peak 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.
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Electric Co.
furnaces.

Two 3/-inch copper tubes, filled
with Mallinckrodt wire-form analytical
reagent grade copper(icy oxide, were
heated by the tube furnaces which were
set at the 3-3 position giving a tempera-
ture of 500° to 600° 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 copper tubes,
24 inches long and 3/, inch in diameter,
which were packed with G. F. Smith
Chemical Co. reagent-grade magnesium
perchlorate, Arthur W. Thomas Co.
Ascarite (8-20 mesh) and Leco 501-60
specially prepared manganese dioxide.
Any possible mojsture, 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
introduced 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 “‘O” ring seal was incorporated
into the oxidation chamber. This
double ‘'O’ ring arrangement was first
reported in a paper by Xuo, Bender,
and Walker (7). Instead of the con-
ventional Leco quartz combustion tube,
a quartz tube with a length of 71/,
inches, and an outside diameter of 13/,
inches was used. All of the flow lines
and connections were made of !/,-inch
copper tubing and fittings. Needle
valves were purchased from the Mathe-
son Co. (No. 107). Leco 501-76 carbon-
free tin accelerator (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:

Multiple Unit tube

Helium flow rate at sample side: 80 ml.
per minute at 100° C. column teraperature.
Helium flow rate at reference side: 50 ml.
Der minute at room temperature. Oxygen
Hlow rate at sample side: 80 ml. per minute
2t 100° C. column temperature. Program
rate: 42° (. per minute setting. Block
temperature: 200° C. Injection port
temperature: off, room temperature.
Bridge sefting: 130 ma. Temperature
limit setting: 400° C. Oxygen pressure:
11p.si. Helium pressure: 11p.si. At-
tenuator setting: 2-128, depending on
carbon content of samples.

Figure 1.

1.

VONIA®BN

10. Block

11,12, 13. Valves

Oxygen cylinder

Helium cylinder

Pressure regulators

Copper oxide tubes and preheaters
Magnesium perchlorate scrubber
Ascarite scrubber

Manganese dioxide scrubber

High frequency induction furnace
Molecular sieve column, 4 feet 5 A.

Schematic diagram of apparatus

14. Reference detector side
15. Sample detector side

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 erucible. 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

Table I.  Results of Carbon Determination in Ferrous Metals by Gas
Chromatography
NBS Carbon, %, Standard
sample NBS Found Mean error deviation
55e 0.011 0.0102 —0.0008 +0.000104
170a 0.052 0.0524 —+0.0004 =+0.00015
133a 0.120 0.1178 —0.0022 =+0.00056
10g 0.240 0.2345 -0.0055 3-0.00110
10e 0.406 0.3968 —0.0092 =+0.00309
10d 1.01 1.0269 +0.0169 =+0,00200
82a 2.24 2.3239 +0.0839 =+0.00750
122d 3.28 3.5666 +0.2866 =+0.00877
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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 lLimit
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 I. For the
lowest carbon sample, NBS 55e, the
mean error is a —0.0008. For the
highest carbon sample, NBS 122d, the



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-
ence of 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
209, 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, ete. 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 Instifute of Arthritis and Metabolic Diseases, National Institutes of Health, Public Health Service,
U. S. Department of Health, Education, and Welfare, Bethesda, Md.

P 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 (7). 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
cyeclic 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-
Iyzing the fractions by both ultraviolet
spectrophotometry (UV) and colorim-
etry after reaction with Blue Tetra-
zohum (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
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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 ug. per ml. of
absolute ethanol were prepared from the
following steroids: A%pregnen-21-ol-
3,20-dione (Q), A*-pregnen-21-0l-3,11,-
20-trione (A), At-pregnene-118,21-diol-

.3,20-dione (B), A*-pregnene-17 &, 21-diol-

3,20-dione (8), At-pregnene-17«,21-diol-
3,-11,20-trione (E), A%pregnen-18-ol-
118,-21-diol-3,20-dione (Aldo.), and A*-
pregnene-118,17 « - 21 - triol- 3,20-dione
¥

Adrenal cortex extract (Upjohn) with
a biological activity equivalent -to -100
ug. of F per ml. was dried under nitrogen
and applied to the column without
purification.

Samples of 5 ug. 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 19, the elution pattern is
altered, and a 5 to 109, 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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ml. 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.

Table I. Per Cent DCM in PE Re-
quired to Elute or Hold Individual

Hormones

Compound Elute Hold
Q 33 20
A 64 55
S 70 60
B 75 65
E 80 70

Aldosterone 86 75
F 91 80

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 S and 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 controlled by selecting an appro-
priate gradient curve. This analysis
was accomplished in 17 hours, using a

TUBE NUMBER

Lirear gradient, started at 100% PE

® ©
(] (=)
I ]

ELUENT COMPOSITION (% DCM)
~
o
T

320

Separation of adrenal steroids in 6 ml. of beef adrenal extract

BEEF ADRENAL EXTRACT

[+23
Q

ABSORBANCE, UV

ABSORBANCE, BT

20 40
TUBE NUMBER

60 80 100

Figure 7. Programmed separation of adrenal steroids in 6 ml. of beef

adrenal extract

Upper.
Lower.

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

Elution gradient, % DCM in PE per tube
‘Absorbance per tube

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

VOL. 35, NO. 13, DECEMBER 1963 ¢ 2021



analysis of 6 ml. of adrenal 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 occurring between
B and 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 g single peak, while increasing
the resolution of subsequent compounds,
particularly the BT-reducing compound
between E and F. This compound was
shown by thin-layer chromatography to
be Reichstein’s Compound D (allopreg-
nane - 38,17a,21 - triol - 11,20 - dione).
Thus, any portion of the elution pattern
can be selectively corapressed 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. WALKER?

Barber-Colman Co., Pasadena, Texas
DAN L. AHLBERG

Research Division, Signal Oil and Gas Co.,

> 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° C. at 1-mm. pressure} can
be utilized as a capillary column sub-
strate for quantitative analysis of Cg
through C;; aromatics. If base line
separation in the Cs through Cs region
is desired, modification of the liquid
phase with squclane 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 cclumns 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 G through Ci1 range. Twenty-
five of the first 28 aromatics were
resolved in 17 minutes using this
method.

THE analysis of aromatic hydro-
carbons has been studied by a
number of workers (I-6), and in the
last three years the use of capillary
columns has made the separation of
m- and p-xylene less difficult. The

! Present address, Wilkens Instrument
and Research, Inc., Houston, Texas.
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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. 273° 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 Cs through
Cu aromatics. If better than 909,
separation in the Cs through C, region
is desired, modification with squalane
(a relatively nonpolar substrate) is

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
C¢ through C, aromatics range can
be obtained using this column system
on a gas chromatograph employing a
linear sample splitter and ionization
detector.

EXPERIMENTAL

Apparatus. Barber-Colman Model
20 and Model 61-C instrurments

required.  This, however, limits the equipped with linear stream splitters
Table L. Liquid Stationary Phases Investigated for Aromatic Separaticns
Aromatic-
paraffin Xylene Thermal
resolution resolution stability
8,8’-Oxydipropionitrile 4 1 1
Carbowax 1500 2 b
Oxybis-2-ethyl benzoate with GE96
(100) 2 2 2
m-Bis(m-phenoxyphenoxy )benzene
with squalane 2 4 3
m-Bis(m-phenoxyphenoxy )benzene 4 3 4

Rating system.

1. Poor

2. Fair

3. Satisfactory
4. Excellent
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Figure 3. Chromatogram of high purity o-xylene on modified BPB

and low ternperature (room) and high
temperature (over 200° 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 e.p.m. were required for peak
area measurements. Sample injection
was with 1- and 10-ul. Hamilton syr-
inges.

Preparation of Column. Liquip
SussTrRATES. Modified m-bis(m-phen-
oxyphenoxy)benzene (BPB) (Cs
through Cg) aromatics (available from
Eastman Organic Chemicals, Rochester,
N. Y.). Dissolve 0.4 ml. of BFB and
0.1 ml. of squalane in 9.5 ml. of methyl-
ene chloride.

2024 o ANALYTICAL CHEMISTRY

71° C., 2.9 ml./min. helium flow rate

BPB (Cs through C,) aromatics.
Dissolve 0.7 ml. of BPB in 9.3 ml. of
methylene chloride.

CoLuMN - CLEANING AND CoOATING.
The 200-foot X 0.01-inch i.d. stainless
steel column was washed with at least
three separate 5-ml. charges of pentane,
one 5-ml. charge of methanol, and one
5-ml. 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 microsyringe
was flushed several times with the
sample to be analyzed. A 0.0005- to
0.002-ml. 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 107® and 7 X 108
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 XX 10~10 {0 7 X 10~*
ampere was used for all experiments.
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The flash heater and splitter heat
temperatures were maintained at 300°
+ 5% and 200° =+ 2° (., respectively.
The low temperature flanie was at 40° C,,
while the high temperature flame was
at 200° to 225° C. Split ratios were

column temperature and column flow
rate are given on each chromatogram.

RESULTS

Various synthetic blends of the Cg
through C, aromatics were run on

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

varied from 100:1 fo 200:1. The BPB columns, utilizing both the Model
the pure BPB columns; therefore
modification with squalane (a boiling
Table Il. Relative Retention Data pou}t‘ substrate) was necessary. The
o addition of the squalane caused some
Relal‘)tg'e time (benzene = 1.00) interference of trace Cjo paraffins with
Peak Boiling s ;?1 a,la,x/l o BPB the Cs aromatics, as would be expected,
No. Component point, ° C. at 70° C. 105° C. 130° C. but by running the same sample on
1 Benzene 80.10 1.00 1.00 1.00 modified and pure BPB columns, opti-
by Toluene 110.62 1.55 137 1.14 mum information was obtained for the
3 Ethylbenzene 136.19 2.61 1.93 1.36 common 5° mixed-xylene cut of in-
‘é ?—3}((}’118!18_ igg%g ggz}) %gg iig dustry (Fi_gures 1 and 2), and excellent
6 o Xylens. 144,41  3.40  2.31 1.51 data for high purity (Figure 3) isomers
7 Styrene 145.14 1.59 in this range. o
8 Isopropylbenzene ©152.39 3.80 2.46 1.61 The data also indicated that the
18 ?{;Iro'g])iﬂlbgmtinib ig&l)gg g(lig ggg %gg upper operating temperature of the
-Methyli-o-ethylbenzene . . . . 3 tala
1 1-Methyl-4-ethylbenzene 161.99  5.06  3.04 1.75 n;)°d1ﬁe‘}il B(PJB was t“é‘{w for materials
12 1,3,5-Trimethylbenzene 164.72 5.75 3.29 1.83 above the Co range. Elution time was
13 1-Methyl-2-ethylbenzene 165.15 6.08 3.52 1.92 excessive and considerable tailing en-
14 tert-Butylbenzene 169.12 3.43 1.87 sued. The single-phase BPB column
10 Bobuoylbensene i727e O %5 19s  tomperature was elevated to reduce
17 sec-Buiylbenzene 173.30 3.68 1.96 elution time, but some tailing was
18 Indane 177.82 ... 1.59 encountered when the low temperature
19 1,2,3-Trimethylbenzene 176.08 4.75 2.34 flame detectors were used in the Cy
2 e i IR et e By g o
2% n-Butylbenzene 183 27 2.58 hlgh. temperature flame units it was
23 o-Diethylbenzene 183.42 5.35 2.53 possible to elute these materials in a
g‘é {)—ggﬂ?gbﬁg-zenih b %gg;g 4.96 ggg shorter time with excellent peak shapes,
e iethyl-5-methylbenzene . . 1 :
2 1°Methyl4-tert-butylbenzene  192.76 6.74 2.91 rezs‘m?g’le i of analytical data,
27 1,2,4,5-Tetramethylbenzene 196.80 7.81 3.72 and wider sample size range (Figure 4).
28 Isopentylbenzene 198.90 5.77 2.69 In following this particular system
%(9) l%etrh t.h : g(l);g’g 2351; of evaluation of these columns, it was
aphthalene . . possible as well to determine the
81 Biphenyl 255.00 16.61 relative detector responses or sen-
®
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105° C., 2.0 ml./min, helium fiow rate
Peak numbers refer to Table il
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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 & 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 ml. 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
0.01-inch i.d. stainless steel capillary
column, it is possible to achieve excel-
lent analytical results for the Cs through

130° C., 2.0 ml./min. helium flow rate
Peak numbers refer to Table I!

Cun 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 ot 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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Qualitative Analysis of Naphthalenes
by Capillary Gas Chromatography

JOHN Q. WALKER!

Barber-Colman Co., Pasadena, Texas

DAN L. AHLBERG
Research Divisicn, Signal Qil and Gas Co., Houston, Texas

b The analysis of naphthalenes, mono-

substituied naphthalenes, and disub- Table . Operating Conditions
stituted naphthalenes through Ci2 has Conditions BPB Apiezon L Ueon 2000
been investigated using combination Sensitivity 1% 10-1 1 X 10-1 1 X 10-1
analytical techniques. A systematic amp./5 mv. amp./5 mv. amp./mv.
survey wdas made to determine the Carrier gas Helium Helium Helium
conditions required to achieve rapid, Column dimensions 225 feet X 200 feet X 200 feet X
accurate, analytical results on this ()b eatiee 0O 0‘?.}5m°h 0'?§6m°h O'?&"’ch
mixed naphthalene cut by gas liquid Flash heater temperature, ° C. 325 310 350
chromatography alone. A gas chro- Split temperature, ° C. 290 305 300
matograph equipped with capillary Detector temperature, ° C. 255 225 215
columns, a high femperature flame  Sample size, ul. 0.6 0.8 0.8

’ Split ratio 125:1 200:1 170:1
ionizafion detector, and a special Flow rate, ml./minute 6.0 9.0 5.0

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-
phenoxy)benzene (BPB) gave more
information than previously reported
in the literature.

HE analysis of naphthalenes has

been studied by a number of
workers (2, 8) and in the last few years
the separation of the methylnaphtha-
lenes has been commonplace. This
paper deals with the utilization of poly-
pheryl ether. Apiezon L and Ucon
2000 were used as capillary substrates
for the separation of the first 15 natu-
rally occurring naphthalenes through 1,-
8-dimethylnaphthalene. Twelve of
these components boil in a 12° range
and their separation using capillary
columns has not previously been re-
ported.

Although we could not completely
resolve all 15 components on one
column, these separations are superior
to those reported in the literature.

EXPERIMENTAL
Apparatus. A standard Barber-
Colman Model 61-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 response time) were
used in the development of this

! Present address, \WVilkens Instrument
and Research, Inc., Houston, Texas.
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method. Sample injection was with
1- and 10-xl. Hamilton syringes.

Preparation of Column. Liquip
Prases, m-Bis(m-phenoxyphenoxy)-
benzene (BPB) is available from East-
man Organic Chemicals, Rochester,
N. Y. Dissolve 0.9 ml. of m-bis-
(m-phenoxyphenoxy)benzene in 9.1
ml. of methylene chloride.

Dissolve 1.0 ml. of Apiezon L (James
G. Biddle Co., Philadelphia 7, Pa.)
in 9.0 ml. of petroleum ether.

Dissolve 1.0 ml. of Ucon 2000 (Union
Carbide Co., New York 17, N. Y.) in
9.0 ml. of petroleum ether.

CoLuMN CLEANING AND COATING.
The capillary column was attached to
a source of high pressure (0 to 1000
p.si.g.) effluent gas, preferably argon.
A 5 to 10-ml. reservoir was placed
between the column and the regulator.
The new steel was washed with at least

three separate 5-ml. charges of pentane,
one 5-ml. charge of methanol, and one
5-ml. 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 I. 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 107® ampere with this high tem-
perature flame detector.

Table Il
Boiling
Component point, ° C.

Naphthalene 217.9
2-Methylnaphthalene 241.1
1-Methylnaphthalene 244.6
1-Ethylnaphthalene 258.7
2-Ethylnaphthalene 257.9
2,6-Dimethylnaphthalene 262.3
2,7-Dimethylnaphthalene 262.8
1,7-Dimethylnaphthalene 262.9
1,6-Dimethylnaphthalene 265.6
1,3-Dimethylnaphthalene 263
2,3-Dimethylnaphthalene 268
1,4-Dimethylnaphthalene 268
1,5-Dimethylnaphthalene 265
1,2-Dimethylnaphthalene 266
1,8-Dimethylnaphthalene 270

Relative

Retention Data

BPB Ucon 2000 Apiezon L
at 175° C, at 165° C. at 156° C.
1.00 1.00 1.00
1.51 1.47 1.44
1.71 1.62 1.55
2.17 2.08 2.05
2.17 2.13 2.01
2.28 2.23 2.22
2.32 2.23 2.22
2.45 2.41 2.31
2.58 2.50 2.40
2.61 2.50 2.40
2.81 2.72 2.59
2.84 2.77 2.59
2.9 2.72 2.65
3.04 3.00 2.77
3.50 3.42 3.12
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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 0.01-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—
ie., 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 0.01-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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Figure 3. Separation of naphthalenes with Ucon 2000

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 (150° to 200° ¥.)
were investigated. The Ucon 2000
200-foot X 0.01-inch column separated
the 1-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

Column Partition Chromatography of

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 270° 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

Vitamins A and D on Fluoropak 80

PHILIP S. CHEN, Jr., A. RAYMOND TEREPKA, and NANCY REMSEN
Depariment of Radiation Biology, University of Rochester, Rochester, N. Y.

P 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 Flyoropak 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 counting of eluted fractions. Ex-
amples illustrating the use of this
column are presented.

LTHOUGH A LARGE VARIETY of
techniques are available for parti-
tion chromatography of polar com-
pounds, relatively few systems have
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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 (7).

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 909,
methanol.

The column has been used mostly for

other complex compound mixtures,
which are similar in boiling point and
structure.
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evaluating the purity of and for purify-
ing radioactivity-labeled vitamin Ds
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 Dj; from vitamin A in tissue
extracts.

EXPERIMENTAL

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



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 (fullrange
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
0.019, 1,4-di[2-(5-phenyloxazolyl) ]-
benzene (POPOP).

Procedure. Equal volumes of iso-
octane and 909, 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
cm. The solid support was then
gently tamped with a glass rod until the
column was 75 to 77 cm. The iso-
octane level was lowered to the top of
the Fluoropak and at least 100 ml. of
mobile phase (909, methanol) was
slowly run through and the sample
applied in about 1 ml. of mobile phase.
Several hundred pg. of unlabeled vita-
min D; marker may be added to facili-
tate location to the vitamin D; zone
when separating radioactive vitamin Ds
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 Ds standards. 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 909,
methanol, vitamin A emerged very soon
after the solvent front, while the peak of
vitamin D; 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/CHC); (3). No colored or
fluorescent breakdown products were
observed.

Recoveries of vitamin Dj (as well as
vitamin A) were essentially quantitative
at 4° C. (column set up in walk-in
refrigerator), as shown in Table I
At summer room temperatures, re-

Toluidine Blue O

MOBILE PHASE: 90% METHANOL

g & STATIONARY PHASE: ISO-OCTANE - FLUOROPAK 80 2
a3 8
<l 4
1050 04
840
0.3
6l 30
0.2
ar2.0
' 0.4
420 .
2‘ 1.0 thxq 300 pg Vit Dy
B 6 i E) 25 35 6 a5 5 55 60
FRACTION NUMBER
Figure 1. Separation of vitamins A and D3 on Fluoropak 80
Table I. Recoveries of Vitamins A and D from Fluoropak 80 Column
Added, Recovered, Recovered,
Temperature Sample ug. g, A
4° C. Vitamin D 300 295 98.3
Vitamin Ds 3000 2985 99.6
Vitamin A, 420 412 98.2
25-30° C. Vitamin D; 1077 1007 93.5
Vitamin Ds 1255 1155 92.0
Vitamin D, 940 896. 95.4
- Vitamin A; 2950 : 2150 73.0
Vitamin D, 400 388 97.2

coveries of the less stable vitamin A
were not so good as at the lower tem-

perature, but vitamin D; recoveries -

always exceeded 92%,.

A primary application of the Fluoro-
pak column has been to purify radio-
actively labeled vitamin D, for physio-
logical or biochemical studies. An
example is illustrated in Figure 2
where 1 mg. of vitamin D37-H? was
run. The radiochemical purity of the
vitamin Dj; exceeded 979 and the non-
vitamin D; radioactivity was present in
u.v.-gbsorbing material more polar

- than the vitamin and eluted earlier from

the column.

o.

% T AT 265my.
[$)]
o

500 CPM. H3
2
100 e T

The radioactive contaminant present
with the original labeled vitamin
Ds-7-H? could have arisen from break-
down of the vitamin D; 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

Img. VIT. Dy-7-H?

19,280 CPM. H3

TEST TUBE FRACTION (10 ml)
Figure 2. Vitamin D3-7-H3
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procedure was employed. Five ug. of
vitamin Dg4-C in 10 ul. 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 20 pg. 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 c¢olumn may also find
application to physiological studies in
the chromatography of tissue extracts.
In preliminary experiments lyophilized
or saponified rat tissues, extracted with
chloroform (or dichloromethane) and
ethyl acetate were used. Chromato-
graphic eluates from liver extract pre-
pared in the above manner 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.), practically 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
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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 large
amounts of crude extract is the necessity
of dissolving the -material in 909,
methanol. Some extracts are rather
poorly soluble in this solvent and majy
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 wunits. This paper describes an
inlet system which was designed for
applications to higher boiling materials,
capable of sustained operation at
200° C. and intermittent operation
up to 250° 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
—128° to 314° C. and with concen-
trations in the p.p.m. range.

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-
gether—that is to take the GC effluent
at or slightly above atmospheric pres-
sure and introduce it into the TOF mass
spectrometer which is under a pressure
of 10~* to 10~* mm. of Hg. The first
method proposed by Gohlke (2) in
1959 made use of a single leak which
passed a fraction of the GC effluent
continuously finto %he 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 effluent 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 150° C.

Because of the limited usefulness of
the manifold described by Ebert (1), an
inlet system for the GC-TOF unit which
avoids the objections raised above was
designed.

Design Considerations. Compo-
nents constituting 0.19% 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 seems 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 usefulness and introduces larger
maintenance problems. Furthermore,
as a manifold increases in size and
complexity, diffusion of the GC effluent

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 200° 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. I. 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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order of 2 to 38 square mm.), and no
decomposition 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 syssem is designed so that a
portion of the GC effluent can be
isolated and then passed through a
leak valve into the TOF mass spec-
trometer where its spectrum can be

btained. The leak valves are iden-
tical to those described by Ebert (7).
The three-way valves are George W.
Dahl Derai 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
H1B. 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 !/g-inch 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 1/g-inch stainless
steel tubing of the same id. The
joints were silver soldered.

The olock 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 !/s-inch
o.d. stainless steel tube could be inserted
and silver soldered in place. A new
valve seat was formed from the project-
ing tip of the !/g-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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COLD EFFLUENT
TRAP

Schematic showing layout of inlet manifold
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Figure 2,

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 1.d. of
0.054-inch and the outer tube was 3/
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 20-gauge copper
wire. The 20-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
0.054-inch i.d. stainless steel tube.
From A, the flow can be directed
through the cold trap and out through
C to exhaust. Alternately, the flow

Phog rap f entire GC-TOF system

can be direct to A’, where it 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 fraction, 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 4 and C, the
helium 1s 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’ and C’ are
closed and the sample admisted 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 300° 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-ul. 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, Wilmington 99, Del.

P 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 o 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 10-ul. 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, CO;, N, O,
and N,O 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 caleium
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 1-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
200° C. while the columns and detector
cell were operated at 40° C. The flow
of carrier gas, helium, was maintained
at a rate of 40 ml. per minute.

VOL 35, NO. 13, DECEMBER 1963 e

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 Ine., Catalog No. J-600).

The firebrick used in the water
absorption column was prepared by
treating 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 100° C.

The Desicote-treated firebrick was
mixed with 600 ml. 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 dne 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 tubing.

The packing of a 16-inch length of
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Figure 1. Chromatogram of aqueous

organic solution with fresh absorp-
tion column

Column: A. P;Ojgabsorption precolumn
B. DC-710 oil partition column

Col. temp.:  40° C,

Detector:  100,000-2hm thermistor

He flow rate: 40 ml. per minute

Sample: 10-ul. aqueous solution

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 copper tubing), the
open end of the tubing was plugged with
borosilicate glass wool and capped with
arubber septum. Several such columns
were prepared at one time and stored
until needed.

Partition Column. The partition
column used in this investigation was
a 12-inch length of copper tubing
packed with a mixture of 209, (w./w.)
Dow Corning 710 $ilicone oil and 809,
(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 chromatograph 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 diglycerol column had a
very poor water absorbent capacity

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 10-xl. samples of an aqueous solution
containing 0.4%9, of halopropane (3-
bromo-1,1,2, 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

Table I. Performance of Phosphorus Pentoxide Absorption Columns with Various
Supports
Break-
through
Wt. % volume,
Support material support®  ml. H:O Comment
Untreated firebrick, 60- to 80-mesh 10 0.30 Absorbed halopropane
Desicote-treated firebrick, 60- to 80-mesh 10 0.40 Easy to pack
Siliclad-treated firebrick, 60- to 80-mesh 10 0.40 Easy to pack
Siliclad- and Desicote-treated firebrick,
60- to 80-mesh 10 0.55 Easy to pack
Asbestos fibers 5 0.60 Very difficult to pack
Asbestos powder, 100 mesh 10 0.40 Absorbed halopropane
Glass beads, 60- to 80-mesh 25 0.50 Difficult to pack

¢ Phosphorus pentoxide powder comprised the remainder of the column packing.
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Figure 2. Chromatogram of aqueous
organic solution after injection of
0.53 ml. of water

Column: A. P3O;cbsorption precolumn
B. DC-710 oil partition column

Col.temp.: 40°C.

Detector: 100,000-chm thermistor

He flow rate: 40 ml. per minute

Sample: 10-ul. 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~ gram of halopropane (1C0
p-p.m. in a 10-uxl. 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 inerease
the absorption capacity. While colum=s
with diameters greater than 0.25 inch
were not tested, it is very probable that
they would give an increased break-
through volume.

The Siliclad- and Desicote-treated
firebrick was chosen as the inert suppcrt
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 coluran
(/4 inch X 16 inches) containing 8.7
grams of phosphorus pentoxide had a
breakthrough volume of 0.53 gram of
water. This is equivalent to a 37.59,
conversion of P,O5 to H;PO,. Approxi-
mately & 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 eontaining
100 p.p.m. of halopropane after inject-
ing 52 successive 10-ul. 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 disturbaace



has completely obscured the halopro-
pane peak which is represented by the
dotted lLine.

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 (7).
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Analysis of Volatile Inorganic Fluorides by
Gas Liquid Chromatography

ANTHONY G. HAMLIN, GORDON IVESON, and T. ROWLAND PHILLIPS
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 suvitable 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.

HE 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 reactivity 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, sonie

measurements (6), nuclear magnetic
resonance (12, 23), mass spectrometry
(1, 2), and infrared spectrometry
(16, 26) have all been tried with little or
limited success because 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 other 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 haue been reported
(18-15, 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 = fluorides; al-
though nickel, Monel, and aluminum;
if suitably treaf,ed, and polymers such
as Kel-F (Minnesota Mining & Mig.
Co.) and Teflon (E. I. du Pont de
Nemours & Co.) were reasonably
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 Electro=
less (4, 11) nickel plate showed that the
corrosion resistance imparted by this
plat;t:;l was at least as good as that of pure
nick

For experimental purposes, plating
was carried out at 98° = 1° 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 ca
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 O-

VOL, 35, NO. 13, DECEMBER 1963 o 2037



CARRIER SAMPLE
GAS N
I
TO
COLUMN s
2
Figure 1. Arrangement of

valves in sample introduction
system

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.

Reasonable freedom from the de-
composition of samples could be assured
only if the internal surfaces of the ap-
paratus were fully fluorinated before use
and carefully preserved 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 1-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. While 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 chromatographic 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 beer 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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dry. It was found satisfactory to pass
the gas as delivered from a cylinder,
through a tube 4 feet 6 inches in
length and 5/3 inch in diameter con-
taining Linde Molecular Sieve B5A
(/i-inch pellets). This drier, when
activated by heating at 325° 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
ml. 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.
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Figure 2. Avutomatic sample introduc-
tion system

a. Schematic diagram
b. Pneumatic operator
c. Electrical control

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, ¢ and b, and

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, ¢. 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
unlubricated 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. Inmitially, 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 50° C. to
avoid condensation of uranium hexa-
fluoride.  Possible packings were
examined at temperatures between
50° and 100° C. in contact with chlorine
trifluoride diluted with an equal volume

Figure 3. Automatic sample introduc-
tion system
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of nitrogen at atmospheric pressure, and
in contact with pure hydrogen fluoride
at atmospheric pressure. These were
the most reactive mixtures likely to be
encountered. Only Kel-F or Teflon
supports, coated with Kel-F oils, 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 1209, 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.

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

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,
F,, Cly, and CIF; is very different.

For general work the column and
operating conditions defined in Table T
have been selected as optimal, though
small variations may be needed for
particular analyses.

With the aim of ieducing contact
between the sample and the nickel tube
to the minimum, the columns were
initially packed in fairly wide tubes
(*/s¢inch id.). These have subse-
quently been reduced to 3/i-inch id.
and it appears that the effect, if any, of
the nickel wall is not setious.

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 columns (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

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 4'/, inches in length, supported
between stouter pieces 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 1/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 ma. when nitrogen
carrier gas was used or 300 ma. when
helium was used. The sensitivity of
the detector 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 katharometer, with which it is
compared in Table IT.

Table I.  Optimum Column and
Operating Conditions

Kel-F 300 low
density mold-

Column support

. ing powder
Oil Kel-F 40
Loading, oil: support 1:5

Mesh size of support  178-211 microns

analyses of this type. The kath.arom- Column length 14 feet
eter detector, however, was considered
to haYe tl}q advantages of ropusi:,ness Operating conditions
and simplicity for plant applications, Carrier gas Nitrogen
and has been developed to give a very Flow rate of gas 10 cc. /minute
satisfactory detector for use with Temperature 90° C.
reactive halides.
Table Il. Comparison of Detector Sensitivities
Bridge  Sensitivity,
Carrier Sample current, mv. cc./ug.
Detector gas gas ma. )
Katharometer
Capenhurst Argon Oxygen 200 0.164
Gow-Mac tungsten
wire, type 9285 Argon Oxygen 150 0.435
Gow-Mac thermistor, Argon Oxygen 4.5 0.290
type 9677
Capenhurst Nitrogen Chlorine 200 0.340
Capenhurst Nitrogen Chlorine 200 0.135
trifluoride
Flame ionization ) )
Capenhurst Argon Chlorine e 77.2
Chlorine o 40.8
trifluoride
Hydrogen e 4.21
fluoride
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Figure 5. Complete chromatograph

By careful design of the heating and
insulation of the katharometer it has
been possible to reduce the spurious
signals due to thermal changes to less
than 2 uv. 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 & robust, transportsble
in-line analyzer incorporating the
special components detailed above
has been fully described (13). Views of
the complete instrument are showrn in
Figures 5 and 6, that in Figure 6 show-
ing the automatic sampling system ir 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 ccver
which normally encloses it.

The flow system used is shown in

Figure 7.

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 valves
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 balancing
of the gas flows eliminates base line
drift and reduces spurious peaks caused
bi fluctuations in the ambient atraos-
pheric pressure or the carrier gas
supply. Disturbances caused by bleed-
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sample introduction system

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
serubbing 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 arranged
that it can be purged of its contents by a

Figure 6. Close-up of timing system and hot box containing

VENT SCRUBBER

Figure 7. Schematic diagram of
complete chromatograph and ancillary
valves

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.

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
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Figure 8. Chromatograms taken during
stabilization

o. Unstabilized
b. Stabilized

by a few samples of chlorine trifluoride,
the process being repeated until identical
traces are obtained. The carrier gas is
always kept running.

Volatile inorganic halides almost all
exhibit strong physical or chemical
sorption on surfaces. In gas chromato-
graphic apalysis this has the effect of
falsifying chromatograms until all sur-
faces have been brought into sorption
equilibrium with the sample. The net
effect is that the apparent analysis 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 substances, it is necessary
also to guard against errors arising from
side reactions and from adsorption
effccts 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 pressures 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 pressures of less than 10
Torr, it is convenient to use a known
mixture of the sample gas with carrier
gas.

RESULTS AND DISCUSSION

Calibration. Calibration graphs ob-
tained as described above are shown
in Figure 9. With the exception of
bhydrogen 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 valid 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 & 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 products,
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.

CuLorINE MonNoFLUORIDE (19; 22,
p. 149) (b.p. —100.1° 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
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Figure 9. Calibration graphs

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 mix 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 500° ==
20° 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.,

Curoripe Dioxipe (22, p. 522) (b.p.
+11° C.). Chlorine dioxide was made
by passing a mixture of chlorine (10%)
and nitrogen (90%,) through two nickel
towers (8 inches long and 1/>-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 ce. 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.

CuLorive Monoxmoe (22, p. 514)
(b.p. +2° 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
—78° C. The product was partially
separated from chlorine by allowing
the trap to warm slowly and trans-
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centaining hydrogen fluoride

ferring the bulk of the chlorine to a
colder trap. The produet decomposed
rapidly unless precautions were taken
to prevent its exposure vo light.

Fruormne MoNoxipE (22, p. 189)
(b.p. —144° C.). Fluorine from a
cylinder was bubbled at a rate of 5 cc.
per minute through a continuously
replenished solution of 29, sodium hy-
droxide in water. The gas was then
passed through two traps, the first
chilled to —78° C. to remove 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.

Percuroryrn Fruoribe (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 minute. The first
tower (I foot X 1 inch diameter) con-
tained pellets of nickel gauze mixed
with the salt, so that heat generated
by reaction could be dissipated readily.
Thermo-couples were inserted in the bed
and the gas flow was regulated so
that the temperature was maintained
below 50° C. The second bed con-
tained potassium chlorate only and was

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
109, 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
perchloryl fluoride. Chlorine trifluoride
was passed through the towers contain-
ing potassium chlorate 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 chlorate not
allowed to exceed 30° C. Chlorine was
the main impurity and could be vapor-
ized at low temperature to yield chloryl
fluoride of 989 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 =+29%, 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 IIT.
The table shows that in general the
retention time is related to the volatility
of the substance concerned, a notable

Table 1.

Retention Times of Halide Gases Relative to Chlorine

Operating conditions. Column temperature, 60° C.
Carrier gas, nitrogen at 48 cc./minute
Column length, 14 feet

Relative Boiling
retention point/sublimation
Substance time temperature, °C.
Uranium hexafluoride 6.0 +56.5
Bromine 2.6 +63
Chlorine monoxide 1.76 +2
Chlorine trifluoride 1.45 +11
Chlorine dioxide 1.45 +11
Chloryl fluoride 1.28 —6
Chlorine 1.0 —33.7
Perchloryl fluoride 0.85 —46
Hydrogen fluoride 0.60 +19
Chlorine monofluoride 0.48 —100
Fluorine monoxide 0.40 —144
Fluorine Not retained -—188
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exception being hydrogen fluoride.
With the column materials available
there was considerable congestion
among the species with short retention
times. Moreover the columns were
not as efficient in terms of HETP as
those used for conventional organic
separations (HETP for chlorine = 1 to
1.5 em.) and overlapping of peaks was
therefore observed. Atterpts to im-
prove column 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 columns. 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 wuranium 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.
An 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
oceur, 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



CAPILLARY RESTRICTION

> VAW

aft.
COLUMN

SAMPLE IN
BUFFER VESSEL

CARRIER GAS IN
Schematic diagram of

Figure 11.
chromatograph

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, PV1,
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, PV1 opening and PV2 closing,
and the wuranium hexafluoride was
eluted directly to the katharometer with
no flow through the longer column.

"TO EFFLUENT

NVI

PEFERENCE
' COLUMN

NV2

PV3

split-column

20 30 40 50 60 70

TIME (Mins)

Figure 12. Chromatograms of samples containing uranium

hexafluoride

a. Obtained with ordinary chromatograph
b. Obtained with split column chromatograph

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, NV1,
balanced that through the combined
columns, and the flow through NV1 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. After 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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Separation of Stereocisomers by Column
Fractional Precipitation

WOLFGANG W. SCHULZ: and WILLIAM C. PURDY
Department of Chemistry, University of Maryland, College Park, Md.

P Column fractional precipitation was
successfully employed in separating 1,-
3,5-tri-{4-bromophenyl)benzene from
1,3,5-tri-(3-bromophenyl)benzene, o,-
p-quaterphenyl from m,p-quaterphenyl,
and in determining the purity of a
tribromodecaphenyl, 1,3-di-(2-chloro-
phenyl)-1,3-cyclohexadiene, and 1,3-
di-(3-bromophenyl}benzene. Isomeric
steroid mixtures of 58-cndrostan-3a-
ol-17-one and 5a-androstan-3a-ol-
17-one and of 3a-hydroxycholestane
and 3B-hydroxycholestane were sepa-
rated, but o mixfure of 5a-androstan-
3,17-dione and 5B-androstan-3,17-
dione could not be resolved.

BAKER AND WiLrniams (f) described
& column fractional precipitation
technique which has been successfully
applied to the fractionation of industrial
types of polystyrene of large molecular-
weight distribution and of polymers of
parrow distribution.  Separation is
achieved by subjecting the polymer,
supported on an inert packing 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” solvent 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 material will leave the
coluron as g saturated solution.

In a previous paper, Schulz and

! Present address, Esvo 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 distiliation 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 (74).

All absorbance measurements were
made either with a Beckman DK-1 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 ml. 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-ml
volumetric flask and diluted with good
solvent. A 10-ml. aliquot of the solu-

tion was ftransferred to a 250-ml
Erlenmeyer flask and then equilibrated
in a constant-temperature bath. The
solution was titrated with nonsolvent
from a 50-ml. buret to a visual turbidi-
metric end point. In many cases, the
precipitate was redissolved by an
additional 20 ml. 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 vs. temperature were
constructed. In Figure 1 are shown
the solubility curves of 3a-hydroxy-
cholestane and 38-hydroxycholestane as
obtained from these turbidimetric titra-
tions.

Fracrionation PRoCEDURES. 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.
A 1:1 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-ml. mixing vessel was initially
filled with either 33 or 459, 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 459, 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 809, p-dioxane in water.
Thirty-six fractions were collected.
Ultraviolet spectra were obtained on
1-ml. aliquots of each of the fractions.
Similar purity analyses were made for
1,3 - di - (2 - chlorophenyl) - 1,3 - cyclo-
hexadiene and 1,3-di-(3-bromophenyl)-
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A. 3a-Hydroxycholestane
B. 38-Hydroxycholestane

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-ml.
mixing vessel. Fractions were analyzed
spectrophotometrically.

Fractionation of a mixture of three
quaterphenyls, o,p (I), m,p (II), and
p,p (III) was iInvestigated with an
initial 109, n-propanol in water in the
250-ml. mixing vessel and a sample size
of 264 mg. The three isomers were
present in a weight ratio of o,p:m,p:p,p

= 1:1:0.25.

I II I

For the fractionation of hormones,
three diastereoisomeric systems were
chosen: :

(¢) 5B-androstan-3a«-ol-1 7-ong
Sa-androstan-3a-ol-17-one
(v7) 38-hydroxycholestane
3a-hydroxycholestane
(i72) 58-androstan-3,17-dione
5a-androstan-3,17-dione

The water-p-dioxane solvent system
was applicable in each case. While
the 250-ml. mixing vessel, containing

6.0

5.0

4.0

3.04

Weight {mg.)

2.0

T T T T
2 4 6 8

T T = T T T
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Figure 2. Separation of two isomeric polyphenyls

A.  1,3,5-Tri-(3-bromopheny!)benzene
B. 1,3,5-Tri-(4-bromophenyl}benzene

initially 409, dioxane, was used for
system (i), a mixing volume of 500
ml. and pure water were used for systems
() and (¢7).

Tue ZmvmERMANN MEeTHOD. The
ketonic steroid fractions were analyzed
by the colorimetric Zimmermann
method (16). This method was modi-
fied for nonketonic saturated steroids,
such as system (22) (8). Five milliliters
of the fractions were evaporated in
50-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 ml. of reagent-grade pyridine.
Fach mixture was quickly transferred
with 25 ml. of benzene to a 60-ml.
separatory funnel and washed suc-
cessively—twice with 10 ml. of 1N
hydrochloric acid, twice with 10 ml.

‘of 1IN 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 0.19 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 mu and
plotted against tube number.

Absorbance

Beecause 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 ml. 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 myu. 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 1,3,5-tri-(3-bromo-
phenyl)benzene from 1,3,5-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

.l 1 T T
4 6 8 10 12 14 16

T T Y T y
18 20 22 24 26 28 30 32 34 36

Tube Number

Figure 3.

Purity analysis of a tribromodecaphenyl

A. Plot of absorbance ot 281.0 mu vs. tube number -
B. Plot of absorbance at 260.0 my vs. tube number
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Figure 4., Purity analysis of
bromophenyl)benzene

253.0 mp using simultaneous equations.
The absorptivities of the pure sub-
stances at these wavelengths were
determined from spectra of the pure
compounds to be:

T2 = 52,360 liters/mole-cm.
G230 = 61,370 liters/mole-cm.

for  1,3,5-tri-(3-bromophenyl)benzene

and

Gee.2 = 77,130 liters/mole-cm.
G2ssp = 65,310 liters/mole-cm.

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-
decaphenyl showed the presence of four
major impurities (see Figure 3). The
structure of the tribromodecaphenyl

was believed to be:
e

Br

v

2046 o ANALYTICAL CHEMISTRY

>
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1,3-di-(3-
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Figure 5. Separation of two quaterphenyls

A. o,p-Quaterphenyl
8. m,p-Quaterphenyl

This structure gives rise to a spectrum
with a broad maximum at 281.0 muy.
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, which 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 2574 and 2284 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

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, 1-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, IT, III) was
investigated by column fractional
precipitation.

From turbidimetric titrations it was
evident that the o,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 observe;d from the very dilute



solutions which were employed (0.00067
gram/30 ml). 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 mu.

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-propanol.

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 58-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).

58-Androstan-3a-0l-17-one has been
separated from Sa-androstan-3a-ol-17-
one by countercurrent extraction (13),
by gradient elution from alumina (11), by
paper chromatography (12), and by gas
chromatography (4). 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 lrans-isomer. These titra-
tions indicated that the steroid was
quite soluble in p-dioxane and slightly
soluble in water. Consequently, the
large 500-ml. 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, 5g-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-

Figure 6. Sepa-
ration of two ke-

tonic 17-ketoste- 14
roids
A. 58-Androstan-3a-
ol-17-one 1.2+
B. 5a-Androstan-3a-
ol-17-one
g 104
2
2
< 0.8

wl

0.4+

0.2 H

T
8 1o 12

mermann method proved to be a very
sensitive one, the absorptivity being in
the range of 10¢ liters/mole-cm. The
absorption spectrum of the resulting
purple solution was characterized by
two absorption peaks at 570.0 and,
510.5 mu. It was the blue component
of the purple color, corresponding to the
absorption at 510.5 my, 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 diasterecisomeric
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-
prostanol. However, only retention
times, 7, 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:

Compound r
Cholestanol 3.60
Epicholestanol 2.61
Coprostanol 2.36
Epicoprostanol 3.08

Haahti, VandenHeuvel, and Hornjng

14

VOL, 35, NO. 13, DECEMBER 1963

T T
16 18 20 22 24 26 28 30 32 34
Tube Number

(56) listed relative retention times for
3a-hydroxycholestane (r = 2.42) and
3B-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
3p-hydroxycholestane and 8a-hydroxy-
cholestane was resolved into four main
peaks by fractional precipitation. To
determine the origin of the observed
peaks,  3ca-hydroxycholestane  was
fractionated separately. Two broad
peaks were obtained in the general
region in which the third and fourth
peaks of the mixture has appeared.
The last two peaks were, therefore, as-
signed to 3a-hydroxycholestane and the
first two to 38-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 st
position C-5 is cis with respect to the
methyl group at C-10. All four isomers
are products of the reduction of cho-
lesterol to cholestanol (3).

While several sensitive colorimetric
methods exist for the determination of
unsaturated 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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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
ba-androstan-3,17-dione and 58-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, stretching over tubes
No. 10 to 25 and No. 10 to 29, respec-
tivelv. 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 cyclohexane ring,
which will also affect the relative
position of the hydrogen atom in
position C-5 and its interactions 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, AWWAL!

Radicchemistry Division, Atomic Energy Centre, P.O. Box No. 658, Lahore, Pakistan

P An efficient radiochemical method
for the determination of cerium(ll)
has been developed based on the
principle of the synergic effect in solvent
extraction with 2-thencyltrifluoroace-
tone and tri-n-butyl phosphate. 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-
ticvlarly svitable for the separation
of cerium from solutions of fission
product mixtures a year or more out
of the reactor,

ue radiochemical procedures (2, 3,

5, 10, 11, 13) for determination of
cerium in fission product mixtures are
either based on the repeated ceric 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 (6)
using 4-methyl-2-pentanone (hexone)
requires handling a mixture of an
organic solvent and strong nitric acid
which can be bazardous. The procedure
of Smith and Moore (13) for separation

2048 o ANALYTICAL CHEMISTRY

of radiocerium by extraction with 2-
thenoyltrifluoroacetone (TTA) in xylene
from 1N sulfuric acid calls for a chemical
yield determination by standard
methods. Recent work by McCown
and Larsen (717) showed that cerium is
well extracted with di-2-ethyl hexyl
phosphoric acid from 10N 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
cffect 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(I1I) showed
extraction improved by 103-fold with
mixed TTA and TBP in benzene from
nitric acid solutions of pH 2.90.
Cerium(IV) was reduced with a drop of
hydrogen peroxide and after adjusting
the pH of the solution by the addition of
0.02N sodium hydroxide, was extracted
with equal volumes of 0.2M TTA and
0.56M 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
(10-3M to 1.0M); 2-thenoyltrifluoro-
acetone (1073M to 1.037); 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.
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Figure 1. Effect of pH on extraction of cerium by TTA-TBP

mixtures (1 to 1 by volume)

ml., standardized by the method of
Glendenin (5).

Procedure. For extraction studies
the reagent grade TBP was purified
by distillation (Z) and TTA was purified
by recrystallization in benzene. The
synergism in the extraction of cerium
(ITI) was investigated by extracting
tracer cerium-144 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-144 and
with carrier at a concentration of 1 mg.
per ml. of cerium was determined with
mixed solvents of 0.2/ TTA and 0.5
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. em. of alumi-
num absorber.

Recommended Procedure. Pipet
an aliquot of the sample (total
activity 10°® to 107 c.p.m. B) into a

centrifuge tube containing 5 ml. of .

an aqueous nitric acid 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 309 hydrogen peroxide.
Transfer to a 50-ml. separatory funnel
containing 5 ml. of 0.5/ TBP 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-ml. portions of
nitric acid solution of pH 2.90 together
with 2 drops of 309, hydrogen peroxide.
Discard the aqueous phase. Back-
extract the cerium by shaking the or-
ganic phase with 2 ml. 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 0.5 TTA and 1.0/
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 produects.

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 mixed solvents TTA and
TBP, are yttrium-91, zirconium-95,
niobium-95, ruthenium-106, prome-
thium-147, and samarium-151. Other
interfering elements present in fission
product sources are thorium, uranium,
neptunium, and plutonium. The de-
seribed cerium procedure was tested for

Table I.  Extraction Coefficients of

Trivalent Cerium-144 Tracer as Func-

tion of Varying TTA Concentration at
Constant 1.0M TBP and pH 2.90

TTA, M Ka
0.50 10.7
0.20 10.1
0.10 9.8
0.05 4.7
0.01 0.12

Table ll. Extraction Coefficients of

Trivalent Cerium Tracer-144 as Func-

tion of TBP Concentrations at Constant
0.2M TTA and pH 2.90

TBP, M Ka
1.0 10.1
0.50 10.4
0.20 7.9
0.10 5.4
0.01 0.01
Table Hll.  Coseparation of Heavy
Elements and Cther Fission Products
Per cent
Per cent back-
Element extraction extraction
Uees 99.9
Np 99.0
Pu 99.0 e
Th23¢ 98.9 32.5
Rus 0.47 0.28
Zr95-Nb% 12.1 0.006

Table IV. Comparison of the Solvent
Extraction Method with the Ceric
lodate Precipitation Method

Counts in 1 ml. (8) fission
product, X 10° c¢.p.m.

Precipitation Solvent
method extraction method

1.74 3= 0.02 1.73 4= 0.03
1.75 % 0.04 1.78 = 0.05
1.756 %= 0.03 1.76 &= 0.02
1.74 £ 0.03 1.79 £ 0.04
1.75 + 0.05 1.78 2= 0.03
1.75 + 0.04 1.79 == 0.04
1.756 & 0.06 1.75 + 0.03
1.756 £ 0.04 1.76 &= 0.06

coseparation 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 111.

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
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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 ceric 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 by
extraction from nitric acid (7, 12).

Ten aliquots of cerium-144 tracer
solution containing 3.5 X 10% c.p.m. B8
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 analyzed for cerium by the
extraction procedure described and by
the ceric iodate precipitation method
(2). The results obtained by the two
methods are given in the Table IV and
agree to within 29, for every sample.
Radiochemical purity of the separated
cerium by this procedure was checked
by gamma-ray spectrometry. Less than

19, of the activities present were due to
fission products other than ecerium,

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 =+1.29%,. 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 Waoles 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 svitable solvent
system. A number of solvent systems
are studied for the separation of
Hg,*~-Hg™ and Sb*™-Sb*", The
most selective separation of Hg,’-
Hg* is obtained with a mixture of
HNO~HCi~isopropanol; Sh™-Sb**
separations are efficient in a mixture of
acetic acid-water—ethyl acetate. R;
values are given for ions which are
likely to interfere in the pracedure,
and the phenomenon of double spots is
discussed,

BHE TIME of separation i3 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
oceur. Also, one of the valence states—
Sb+* 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 (1-8). A fast solvent system
(3) was reported for the separation of
Fe*? and Fets. 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 Hgs*? and Hg*2. The separation
of Sb*¥ and Sb+*, as reported by
Pollard, requires 1 hour, and Sbh5 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
cm.

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 . Merck, which con-
tains an appreciable quantlty 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 8 HNO;. Two grams of
mercuric nitrate were boiled with 5 ml.

of concd. HNQ;. Spotting was done

with 0.1M solutions. Ammonia gasand
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 SbCl;,
solutlon in HCI was boiled with KCIO;,
cooled, and filtered. This was used as
the Sb+ solution. Ammonium sulfide
and H,S gas were used as detectors.
Rhodamine B was used for the detection
of Sb 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 Hg.** and Hg*.
The following solvent systems gave
fast separations of Hg.™? and Hg*2:
0.1M HCl (S)); 15% aqueous am-



monium acetate—3M HNOs3M HCI
(6:1:1) v./v. (S;); 3M HNOs3M HCI-
isobutanol (1:1:10) v./v. (S3); and
3M HNOs3M HClisopropanol
(1:1:10) v./v. (Ss). Inall these solvent
systems, Hg,*2 has an R; value of 0.00.

S, is the simplest system giving fast
separations (B, Hg*? = 0.81). When
the concentration of HCl is gradually
varied from 0.1M to approximately
3.00M, the two R, values as expected
remain almost constant. In 3 HCI,
the Hg,*? spot is rather elongated.
In S,, Hg*? has an R, value of 0.84.
When the proportions of Hg*? and
Hg,® in the sample were gradually
varied from 4:1 to 4:16, the two R,
values remained constant. When the
concentration of the sample applied was
gradually altered from 0.2 to 0.01}/, 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
Agt, Sn+? and Bi*® affected the
separation. In all other cases, good

separations were obtained. Sn*? affects
the separation by its reducing action
on the Hg,*2-Hg*?system. In.S; Cd+2
(B; = 0.30), Bit3 (B, = 0.30), and
As*? (0.40) have R, values significantly
different from those of Hg,™* and
Hg*? (R, = 0.61). S, is even more
selective than S,  Cations having
R, values different from those of
Hg.® and Hgt? (R, = 0.66) are As™3
(0.43), Sn+*z (0.90), Fe+® (0.30), Al+?
(0.20), Cr*® (0.30), Mn*2 (0.22), Ca*?
(0.20), Bat*? (0.20), Sr*? (0.24), and
Mgt2 (0.22). Cations with B, values
not significantly different from Hg*2 are
Cd+2 (0.63), Bit® (0.60), and Sb*3
(0.61). Cations with R, values not
. significantly different from Hg,*? in-
clude Ag* (0.00) and Pb*2 (0.00 7).
Double Spot Formation. Hg,®
gives two spots when developed with
159, ammonium acetate solution and
209, 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** 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,

Table I. R, Values in Various Solvents

S R; values

No. Solvent Sh+s Sb+s Hg+2 Hg, 2
1 Formie acid 0.50 0.40 0.80 0.00 & 0.80
2 Acetic acid 0.21-0.53 0.70 0.50 0.00 T.
3" Propionic acid 0.30 0.48 0.00, 0.60 0.00 T.
4 Butyric acid 0.00 T. 0.20 0.00, 0.20 0.00 T.
5 Ethyl acetate 0.00, 0.12 O.gOFT. to 0.00 0.00 T.
6 Propyl acetate 0.00, 0.20 OgOFT to 0.00 0.00
7 Methy! alcohol 0.00 T. 0.71 0.00T 0.00 T
8 Isoamyl alcohol 0.00 0.00, 0.90 0.00T 0.00T
9 Allyl aleohol 0.64 T. down 0.64 T 0.00

from S.F, down

10 Dioxane 0.00 T. 0.3-0.61 0.00T 0.00 T.
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 0.00T. 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 O.gOFT. to 0.00 0.00

16 Isopropyl alcohol 0.72 ‘ 0.80 0.00 0.00 T. to

S.F.
17 Water 0.00 T. 0.64 0.00, 0.61 0.00 T.
Abbreviations: 8. F. = solvent front; T. = tails.

acetyl acetone, cyclohexanone, aceto-

phenone, ethyl methyl ketone, propyl Table ll. Noninterfering Cations

alcohol, isopropyl alcohol, n-butyl alco- . .

hol, tertiary butyl alcohol, and anisole. Cation By Cation By

None of these were successful. Separa- %% T 8728(138&13) 1919:: 8%;
; ; ; . i .

tions were qbtalx}ed, however, by using Ca* 058 Zn+2 0 54

glacial acetic acid-water—ethyl acetate As*  0.50 Sr+2 0.55
(1:1:1). This solvent will be called Ss. Fets  0.53 Mg+ 0.50

Mixtures containing Sb+? and Sb+s
in ratios varying from 1:3 to 9:3 were
efficiently separated by this method.
The R, of Sb*? fluctuated from 0.65 to
0.71, while Sb* was always at the
solvent front. Almost all important
cations were developed with S;. The
cations whose R, values differ signifi-
cantly from those of Sb*® and Sb*% are
given in Table II.

Of the common cations tried, the
following have R, values close to that of
Sb+3, R, values: Hg*?, 0.76; Cu*?,
0.75; Sn*?, 0.78; Al*3 0.64; Crt3,
0.60; and Mn+? 0.60. None of the
cations tried have R, values close to
Sb+s.

Double Spot Formation. Sb+3 gave
double spots in a number of cases which
are shown in Table III.

DISCUSSION

The separation of Hg,” and Hg*2
proved more difficult than expected.
Acetic acid differentiates fairly well
between Hg.*? and Hg+*? (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, Hg,*? and Hg** when
separate gave different B, values, but
when a mixture of the two cations was
used the separation was not distinct.
Best results were obtained with Sg—i.e.,
acetic acid-3M HNOs;-water (3:1:2).
If the concentration of nitric acid was
less than that in Sg the mercurous ion
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Table lll. R; Values of Double Spots

of Sb+3
R, Values
First Second
Developer spot spot
Ethyl acetoacetate 0.00 0.14
Benzyl cyanide 0.00 0.12
59, Solution of thio-
urea in butanol 0.00 0.50
12M Chloroacetic + iso-
propyl ether (1:1) 0.00 0.20

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 Hg.*? 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 S; and S,. These solvents proved
to be fast but nonselective. Pb*? 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

o 2051



added to the HCI-HNO; system. The
result was that mercurous ion began to
tail, owing to its strong interaction with
methyl aleohol. When methyl alcohol
was replaced by isobutyl alcohol, the
system became less polar and Hg,™
gave a compact spot. Threc lons gave
R, values significantly different frorm
those of Hg,** and Hg+*2 With iso-
propyl aleohol, which is intermediate
in polarity between methyl aleohol and
isobutyl aleohol, the system became
fast, selective, and efficient.

A reference to Table 1 shows that
Sb*3 and Sb*¢ have different B, values
in a number of organiec solvents—i.e.,
acetic, propionie, and butyric acids;
dioxane, acetone, ethyl methyl ketone,
methyl alecohol, and isopropyl ether.
And, therefore, a number of excellent
separations are possible with slight
modifications in these solvents. All
efforts to separate Sb*2 and Sb+ using
individual organic solvents failed be-
cause most of them were not sufficiently
polar. Acetic acid gave an elongated
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 high
polarity of the system, however, AR,
was very small. The addition of

ethyl acetate decreased the polarity of
the system to such an extent that A 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*% in formic
acid is smaller than that of Sb+3.

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*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 in paper
chromatography we suggest that the
time required for a l-cm. separation
between spot boundaries should be
mentioned where necessary along with
other data. A paper chromatographic
separation may be classified as fast,

rapid, normal, slow, or extra slow ac-
cording as this time (¢) 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
Hg,*>~Hg*? separation with S; and
S; is 10 minutes, and for the Sb+3-
Sh+¢ separation with S; 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 Electric Co., Richland, Wash.

P> A new liquid-liquid separation tech-
nique is described for quantitatively
extracting technetium-99iVIl} into o
tributyl phosphate phase from o
sulfuric acid solution of mixed fission
products, Technetium{VHl} 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 vranium. Decontamination factors
for zirconium-nicbium and ruthenium
are 2 X 10t and 1 X 104 respec-
tively. Technetium vyields of 929%
were obtained with a standard devia-
tion of ==0.8%.

TECHN’ETIUM, the first man-made
element (9), does not oceur
paturally (6). The most substantial
source of this element is irradiated
uranium fuel (Z) 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 determined 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 acidie,
basic, and neutral media, found that
tributyl phosphate-sulfuric acid was a
potential extraction system. Siddall
(11) suggested the extraction mechanism
of pertechnetate 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-dibuty! phosphate
system. These works lead to the
generalization that the pertechnetate
ion can be extracted into organic .



solvents containing oxygen, phosphorus,
or nitrogen. Since tributy! phosphate
provides excellent decontamination from
ruthenium in the Purex process (4),
potential use as an analytical reagent
was investigated.

EXPERIMENTAL

Reagents and Equipment. Potas-
sium pertechnetate (K7T¢*0,) was
obtained from Oak Ridge National
Laboratory as a 3.4 grams per liter
solution in a 1.0 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 cm. 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 1l-inch diameter
stainless steel dishes, !/s-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,SO; and NaF
to yield a final concentration of 1M
H.SO, and 0.025M NaF. One drop
of 309, H,0, was added to ensure that
all techoetium was present as per-
technetate, and the solution was
stirred for several minutes. Exactly
4 ml. of 459, 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
ml. of the organic was transferred to a
vial containing 1.5 ml. of 1M sulfuric
acid—0.025M sodium fluoride-0.2M H,0,
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-ml. 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

collodion, and counted in a gas flow
beta proportional counter. The anal-
ysis was completed within 45 minutes.

RESULTS AND DISCUSSION

Extraction of pertechnetate was first
studied as a function of acid molarity
with a 459, TBP 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 309, 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 2 consistently higher per-
technetate value when the sample was
pretreated with hydrogen peroxide.

Pertechnetate distribution ratios in
these two acids are presented in Table
I. 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 were 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 aqueous, increased acid con-
centration would enhance the pertechne-
tate extraction only slightly (96.49, at
1M vs. 96.99, at 2M), but the acid in

“the extractant would increase markedly.

Presence of excess acid in the solvent
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-
centrations between 0 and 60 volume
9. 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 459, TBRP was less
viscous than at 609, thus permitting
better phase separations and more
accurate volumetric transfers.

In considering a stripping solution for

removing pertechnetate from the
organic phase, distilled water was
selected. As previously mentioned,

sulfuric acid would also be stripped into
the water. For an organic to aqueous

Table . Distribution of Pertechnetate

between Nitric Acid or Sulfuric Acid and

45% TBP as Function of Hydrogen lon
Concentration

Distribution ratio,

Hydrogen ion, D-
moles/l. HNOs H,S0,
0.0(pH6.7) 0.0 0.0
0.5 1.36 3.1
1.0 1.16 4.5
1.5 0.91 10.9
2.0 0.65 13.3
3.0 0.30 14.2
4.0 0.09 15.7

s Distribution ratio, D, is defined as
(c./m./ml. in organic phase)/(¢./m./ml
in aqueous phase). These data were
caleulated from duplicate analyses having
material balances >95%,.

Table ll. Distribution of Pertechnetate
between 2.0N Sulfuric Acid and Sol-
vent as Function of TBP Concentration

TBP conen., Distribution
vol. % ratio, D
0 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 this
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~i.e., decon-
tamination factor was >10%—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 radioisotopes present
in the sample solutions were Zr%-Nb®,
Ruws—16  Celd-Pridt,  Celst,  (Cs!¥,
Sr®-Y®, and Sr®®. Of these, the rare
earths, 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 by
the organie, the aqueous phase for the
initial extraction was made 0.0253/
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 H,S80,-0.025M NaF-0.2M
H,0, solution at a 2:1 organie 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
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tate analysis

was 83 for zirconinm-niobiura 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 steps are il-
lustrated in Figure 1. All the gamma
spectra have been normalized to rep-
resent the quantity of pertechnetate
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 lll. Determination of Per-
technetate

Av. 9%

No. of ¢./m. Te¢® Te%

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%
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The overall decontamination was 2 X
10¢ for zirconium-niobium and 1 X 10*
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 Y*
and Pr#, The second and third
curves showed the decontamination
gained by extraction and scrubbing.
In this case, the high energy portion is
due to Ru'3-16 The final spectra
demonstrates purity of the mount.
Note the maximum energy of 0.30
m.e.v. correlates closely with that of
Te%.

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

technetium isotopes depending on fuel
type and irradiation history.
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lon Exchange Chromatography of Amino Acids

A Single Column, High Resolving, Fully Automatic Procedure

PAUL B. HAMILTON

Alfred 1. du Pont Institute of the Nemours Foundation, Wilmington 99, Del.

P A method for the quantitative de-
termination of 10~% mole of amino
acids by ion exchange chromatography
is described. A single 0.636- X
125-cm. column packed with 17.5 X
10~* cm. spherical particles is used;
operating pressures are approximately
450 p.si. 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 {102 mole) can be determined
to within £5%; the limit of deter-
mination is approximately 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.

THE 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-
ticallevels (4, 6,11, 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-

T2(60°C)
SOLUTION RESERVOIRS RESIN COLUMN | T (45°C)
WITH NH3 TRAPS

r_l‘nl"
o . =y [
O2N 1pH |pH
NaOH 2.875|3.80 >

Figure 1.

g WAST
' REACTION BATH S

RECORDER
PHOTOMETER

Schematic of apparatus

For description see text

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 wmole
(10~% 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 umole (1072 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
(1-mm. i.d.) is controlled by the

solenoid valves, Vi, Vi, V3, Vi (Model

51P187123-7-Teflon, Valcor Engineering
Corp., Kenilworth, N. J.). The en-
trance valve ports were provided with
1/,-inch N.P.T. X Y,inch tube fittings
and the exit ports with reducing adapter
bushings plus /s-inch N.P.T. X /i
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 air, which
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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 cm., precision bore, !/&inch
pipe flanges tooled at both ends (8)],
was coupled into the line between the
pump and column; two Teflon porous
disks, !/g-inch thick (grade 5-55, Fluoro-
Plastics, Inc., Philadelphia, Pa.s, served
as filter (see Figure 1). The volumetric
input to the column was 30.0 ml. per
hour (94.5 c¢m./hour, 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 1)—e.g., Amtex, Model
PT-143-A-600B-2M, U. 8. Gauge Co.,
Sellersville, Pa.—coupled to the gauge

-line. A stable millivolt source to the
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Running time meter (R.T.M.) left of center; siepper relay and patch cord

connections upper righl.  See text for details

transducer gave an output that drove a
strip chart recorder. Pressure was rot
recorded all the time, but only when
faulty pump action was suspected.
This enabled corrective measures to be
applied before valuable runs were lost.

The column effluent was joined by
the ninhydrin stream at the capillary
Y tube (1-mm. i.d.). A standard 3-
necked, 2-liter flask, fitted with a con-
denser, served as 100° C. bath for the
Teflon reaction capillary (20); a 600-
watt heater (Gilmer, Cat. 6130, A. H.
Thomas Co., Philadelphia, Pa.) con-
trolled by 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) (Fhoenix
Instrument Co., Philadelphia, Pa.) was
fitted with g, flow cell similar to that of
Piez and Morris ({7) but of rodified
form {9); the light transmitting sec-
tions were 4.4-mm. i.d. Fluid entered
the flow cell from the bottom and was
monitored successively at 570, 440, and
570 my; the last section had a sealed-
in glass spacer to give an effective fluid
depth 1/; 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 tubing and
Teflon capillary was obtained from
Pennsylvania Fluorocarbon Co., Phila-
delphia, Pa.); from valves 1,0 manifold
to bubble trap (or to degassing unit) to
buffer pump, and from ninhydrin reser-
voir to ninhydrin pump, gauge 19,
0.038 X 0.070 inch Teflon; from buffer
pump to chemical gauge diaphragm to
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Figure 3. Circuit schematic of automatic control unit

Power connections (110 volts, a.c.) are to - terminals.

text

filter to column, Y/ X 1/; 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.si. 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!/, 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 rav.,

Other details in

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 construec-
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, /s X
1/,6 inch flexible Teflon was substituted
for the polvethylene tubing and 3
neoprene O-rings, /4 X !/ inch were
substituted for the small rubber stopper
originally used [See Figure 1, (8)].
The O-ring and Teflon washers were
prevented from slipping off the Teflon
tubing by flaring the end of the latter



with a heated tool, (a 3/ 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 809, of the diameters were
within =2 microns of the mean. The
resin had a capacity of 5.1 meq./gram
(dry), and a wet density (sodium form)
by pycnometer of p = 1.280 = 0.002
for a tungstate density of p. = 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 (Technieon).
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 unitisshownin Figure
2, and the circuit in Figure 3. A
program timer (Model P5-24, Zenith
Electric Co., Chicago, I1l.) 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 ecircuit is completed only when
switch M (Figure 3) is closed for 2
seconds by a cam which rotates once
every 5 minutes. Simultaneous closure

of H and M provides power for 2 sec-
onds, which advances a stepping relay
(Type PER, Guardian Electric Co.,
Chicago, 1ll.) 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
S was retained for manual control.
For 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 I to 11 (jack 12 is a
spare) to switches (Lev-R, 3003, Switch-
craft, Inc., Chicago, Ill.) S; to Sy 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 SPDT 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, SeSw, respectively. Dual control
provides for manual operation without
altering the automatic control settings.
Power to the above units is provided
by momentarily closing switches Re—Rq,
respectively. Contact through jack 7,
changes control from the 45° (7-C)
thermoregulator to the 60° (7.-C)
thermoregulator; to return to 45°, R,
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, V,~V,, need special mention.
When the lower coil of relay 2 is en-
ergized through jack 2-S; (right) power
is simultaneously cut off from V,, which
closes, and applied to the upper coil
of relay 8 which opens V. Similarly,
as V; 1s closed V. is opened, as V; is
closed Vs is opened, and as Vj 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 S;—S; (referring in Figure
3 to those immediately to the right or
Ieft 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

The Composition on of Buffers and Method of Preparation

Preparation

0.05 moles Na;CsH:07-H,0° + 27.5 ml. 2.00N NaOHe 4+ 1.0 gram

Versene® + 25 ml. Brij 35¢ solution + 15 ml. thiodiglécolc + 850 ml.

low ammonia distilled water3.

Titrate with 6N HCle 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.

Table L
BufTer Composition
pH 2.875  0.205N Na, 0.05M citrate, 0.3%, Brij 35, 0.5%
thiodiglycol, 0.1%, Versene
pH 3.80 0.200N Na, 0.05M citrate, 0.3% Brij 35, 0.5%,
thiodiglycol, 0.1% Versene
pH 4.30 0.800N Na, 0.05M citrate, 0.6M NaCl, 0.3%

Brij 35, 0.5%, thiodiglycol, 0.1%; Versene

adjustment of pH.

o Analytical reagents, J. T. Baker Chemicsl Co., Phillipsburg, N. J.

& Atlas Chemical In(justries, Inc., Wilmington, Del.

automatic (pjipet. (Kimble Cat. #37077F); provided with ammonia trap.

¢ Pierce Chemical Co., Rockford, Ill.

0.05 moles Na.CeHiO;-HQ + 0.6 moles NaCl® + 25 ml. 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

200 grams Brij 35 plus 1300 ml. low ammonia water; dispensed from 25 ml.

¢ 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 borosilicate aspirator 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. I. 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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Table il. Operation Schedule
Time,
minutes Temperature changes
0-140 Column at 45° C.
141 Change to 60° C.
781 Change to 45° C.
981 Change to 60° C.
Time,
minutes® Buffer and operational changes

0~460 pH 2.875 buffer
461 Change to pH 3.80 buffer?
731 Change to pH 4.30 buffere
1211 Change to column wash?
1241 Change to pH 2.875 (regenera-
tion)
1265 Ninhydrin pump off
1270 Recorder off
1420 Circulating bath motor off
1425 Buffer pump off .
1430 Program timer plus V, solenoid
oft

¢ 1 minute corresponds to effluent vol-
ume from column of 0.5 ml.

¢ Emerges from column at min. 570

¢ Emerges from column at min. 810

4 0.2N NaOH +40.3% Brij 35 + 0.1
Versene

particular bottle of reagent was dis-
carded.

Nichydrin reagent was prepared as
described (20).

Operational Procedures. The pro-
gram for analysis is illustrated in
Figure 2 and tabulated in Table I1.

To commence a run, V, (pH 2.875
buffer) is opened by switch 70 (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 ml. or
less is desirable (11). Amino acid test
mixtures in 0.14 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 ¢ ap-
prpédma,tely pH 1 with hydrochloric
acid.

After the sample has entered the
resin, the pump line is coupled to the
column and the recorder, buffer pump
and program timer are started (switches
7, 9, and 8, respectively). After the
pressure has risen to approximately
809 of maximum, the ninhydrin pump
is started (switch 6); 30 minutes 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 method 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 holds and an
even-grid paper—e.g., #56839-N, Min-
neapolis-Honeywell, 20 lines to the inch
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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
10.0-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 1009, transmittance, the left
chart line is therefore at 809, trans-
mittance; that is, of the total range—
i.e., from electrical zero to 10.00 mv.—
only 209 is displayed on the chart.
With an 1l-inch (279.4-mm.) chart,
electrical zero is therefore situated
279.4/0.20 = 1397 mam. to the left
of the 1009, transmittance line. The
809 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 £ mm. from
the left chart line will have base and
peak at (1177.6 + ) and (1117.6 -+
z mm.), respectively, from electrical
zero. Applying Beer’s law, net peak
height (Cumax) is therefore given by:

{log 100 — log
[(1117.6 + ¥)/(1379) X 100]} —
[log 100 — log
(1117.6 + z)/(1379) X 100)]

which reduces to log (1117.6 + y) —
log (1117.6 + z); the half height is at
Crmax/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; 2z is
given by

antilog [log (1117.6 + ) + Cmax/2] —
1117.6

Peak width at half height (AT) is de-
termined in minutes by dot counting
(20). The product AT -Cpax, 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 &’ and whose units
are umoles per unit area; the relationship
of &' to the C constants of Spackman,
Stein, and Moore (20) is hence of the
form &’ « 1/C; in the present work,
the relationship for most amino acids
was very nearly &’ = 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 es-
tablished by individual analysis, and
its relationship to other compounds by
analysis in mixtures. 0.01 Micromole
(108 mole) of each compound was
placed on the column. The position,
shape, and size of the common amino

Table lll. Calibration Coefficients, k’

For multiplying integrated peak areas
(AT - Crax), to convert to pmoles

Amino acid .k
Cysteic acid .118
0-POg-Ethanolamine .128
Taurine .116
Urea .248

4-OH-Proline 116

Aspartic acid 118
Threonine L1119
Serine .113
Sarcosine .290
Glutamic acid .120
Proline .529
Citrulline 114
Glycine 1123
Alanine 117
Glucosamine .116
Valine 120
Homocitrulline .103
Cystine .110
Methionine .124
Alloisoleucine 115
Isoleucine .113
Leucine .113
Norleucine 116
m-~Tyrosine .146
Tyrosine 119
Phenylalanine .118
B-Alanine .208

B-2-Thienylalanine .178

B-Aminoisobutyric acid .246
Ethanolamine ca. 0.17

y-Aminobutyrie acid 110
Hydroxylysine .103
Ornithine .099
Lysine .104
Histidine 114
1-Methylhistidine 1118
3-Methylhistidine 122
Anserine .215
Carnosine .147

2-NH,-3-guanidino-

OCOO0 COOOOCOOCOCOLOLOOOOOLOOOOOOOCOOOOOOOOOOOOCO

propionic acid .140
Canavanine .118
Tryptophan 173
Arginine 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 Iess 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 gas
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Table IV, Ninhydrin Reactive Compounds Corresponding to Numbered Peaks Shown in Figure 4

. Penicillaminic acid

0-Phospho-4-hydroxyproline®

O-Phosphoserine

O-Phosphothreonine

Homocysteic acid

. Cysteine sulfinic acid

. Glycerylphosphorylaminoethanol?

. Glucosamine-6-phosphate

. O-Phosphoethanolamine

10. Levulinic acid

11. threo-g-Hydroxyaspartic acid®

12. erythro-3-Hydroxyaspartic acidé

13. 3-Hydroxyproline®

14. Glucosamunic acid

15. O-Phosphohydroxylysine®

16. Methionine sulfoxides

17. Ethionine sulfoxides

18. Methionine sulfone

19. B-Methylaspartic acid

20. allo-3-Bydroxyproline®

21. allo-4-Hydroxyproline

22. Thioproline

23. 2-Thiolhistidine

24. allo-Threonine

25. Ethionine sulfone

26. Asparagine

27. 2-Amino-3-ureidopropionic acid

28. o-Methylserine

29. Muramic acid’/ (3-O-Carboxyethyl-
i p-glucosamine)

30. Homoserine

31. Glutamic acid-y-methyl ester
2. Glutamic acid-v-ethyl ester

33. a-Methvlglutamic acid

34. Isovalthines?

35. 8-Methylcysteine

36. Felininer

37. Felininic acid?

38. Penicillamine

39. g-2-Thienylserine

40. 2-Aminoadipic acid

41. Alanylasparagine

42, meso-Lanthionine (peak 1)

43. Formiminoglycine (peak 1)

44. Glyecylasparagine

45. S-Ethylcysteine

46. Glutathione (oxidized)

47. meso-Lianthionine (peak 2)

48. Glycylserine

49. Isoserine

50. Allylglycine

51. a-Amino-n-butyric acid

52. threo-g-Phenylserine

53. Glutamylglutamic acid®

54, Isovaline

55. Manosamine®

56. Formiminoglycine (peak 2)

57. Galactosamine

58. Pipecolic acid

59. Glycylglyeylglycylglycine

000 IO TN L0 1O 1

60. meso-Cystine

61. Glutamic acid-v-hydrazide

62. a-Aminopimelic acid

63. Glycylsarcosine®

64. Alanylglycylglycine

65. Alanylalanine

66. 3,5-Dinitrotyrosine

67. «-Methylmethionine

68. Phenylglycine

69. Alanine anhydride

70. Djenkolic acid

71. e-Amino-n-valeric acid

72. Norvaline

73. Glyceylglycine

74. Cystathionine

75. a-Phenyl-a-alanine

76. allo-Isoleucine

77. Glycylglycylglycine

78. Glycylalanine

79. Methionine sulfoximine

80. a-e-Diaminopimelic acid’

81. 2-Methylleucine

K!2. Ethionine

83. Norleucine

84, 3,4-Dihydroxyphenylalanine
(DOPA)

85. g-2-Thienylalanine

86. a-Hydroxy-8-aminovaleric acide

87. 1-An:\(iinocyclopentane-l-carboxylic
aci

88. Alanylvaline

89. meta-Tyrosine

90. y-Amino-g-hydroxybutyric acid

91. Glycylvaline

92. ortho-Fluorophenylalanine

93. meta-Fluorophenylalanine

94. Isoglutamine

95. Alanylmethionine

96. ortho-Tyrosine

97. Leucylglycine

98. Leucylglycylglycine

99. pare-Fluorophenylalanine

100. Alanylnorvaline

101. Glycylnorvaline

102. Alanylleucine

103. Glycylethionine

104. 3-Aminolevulinic acid, methylester

105. Homocystine*

106. Glycylleucine

107. Argininosuccinic acid*

108. Alanylnorleucine

109. Glycylnorleucine

110. Alaninol (2-Amino-1-propanol)

111. Glycine amide

112. Glycylmethionine

113. B-Amino-n-butyric acid

114. Glycyltyrosine

115. Glycamine (methylamine)

116. e-Aminocapyryllic acid

117. Glycylphenylalanine

118. Alanylphenylalanine

119. 2,4-Diaminobutyric acid

120. Alamine (ethylamine)

121. 8-Amino-n-valeric acid

122. 2,3-Diaminopropionic acid
123. a-Amino-y-phenylbutyric acid
124, 2-Amino-1-butanol

125. 5-Hydroxytryptophan

126. Kyneurenine

127. Phenylalanylglycine®

128. g-Phenyl-g-alanine

129. 3-Aminotyrosine

130. 6-Hydroxytryptophan

131, 3-Aminolevulinic acid

132. Leucyltyrosine

133. Glycyldehvdrthenylalamne"
134. 4-Aminophenylglycine

185. Homocarnosine

136. 4-Hydroxytryptophan

137. 3-Iodotyrosine

138. Canavanine

139. 2-Amino-3-guanidinopropionic acid
140. e-Amino-n-caproic acid

141. 2-Amino-4-guanidinobutyric acid
142, 3,5-Dibromotyrosine

143. Leucine amide

144. Homocysteine thiolactone
145. 3,5-Diiodotyrosine

146. 5-Methyltryptophan

147. Glycyltryptophan

148. Homoarginine™

o Synthesized in this laboratory.

b Gift of Erich Baer, University of
Toronto, Toronto, Canada.

* Major peak; minor peak 10 minutes
earlier.

4 Major peak; minor peak 25 minutes
earlier.

¢ Gift of Milan Logan, U, of Cincinnati
Coll. of Med., Cmcmnatx Ohio.

7 Gift of Willard Schmxdt Cleveland
Metropolitan Hospital, Clevel'md Ohio.

¢ Gift of John Wriston and T. M. Wong,
University of Delaware, Newark, Del.

k Gift of Joseph Fruton, Yale Uni-
versity, New Haven, Conn.

¢ Gift of Richard szler, University of
Illinois College of Medicine, Chicago, Il

i 409, L + 609, meso; geometrical
isomers were not resolved.

k pL + meso; geometrical isomers were
not resolved.

! Position of major peak; for explana-
tion of associated peaks see Cusworth,
D. C,, and Westsll, R. G. (1).

= Gift of Theo. Gerntsen, University of
Wisconsin University Hospitals, Madison,
Wis.

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
chromatography, is first investigated.

Concerning amino acids emerging
after arginine, the positions of homo-
cysteine thiolactone [Zacharius and
Talley (24)], and homoarginine [Ger-
ritsen et al. (3)] were confirmed, and
other examples are shown. Although
the amines and aminoalcohols listed
above were eluted, cadaverine, putres-
cine, tyramine, tryptarmne, hlstamme,
or histidyl-histidine were never ob-
served to leave the column, even when
analysis was extended to minute 1500
(25 hours).
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In the cystine-methionine region
(minutes 570-610) the base line is
elevated commencing with 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

in distribution of ammonia between
resin and fluid from approximately 19
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-



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 54,
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 mauner 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 adequate, 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°,
Iowered 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, showing 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 54. 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
0.9-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 0.636-cm.
column is reduced by '/, (because of
reduced cross-sectional area) and in-
creased by \/ 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 v/2/2. The quantity A/2isapproxi-
mate, because Cs, though smaller than
C Uy, is not negligible. The decrease in
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Figure 5. = Resolution of basic amino acids as function of pH, temperature, sodium

concentration, and buffer composition

peak width is accompanied by a corre-
sponding increase in peak height; peak
height therefore is increased by approxi-
mately 2/ V4 2,0or1.4. A column of 125
cm. was adequate. As column length is
increased, resolution is increased only in
proportion to the 1/, power [Equation
12, (11)], while pressure is increased
proportionately, so that a longer column
gains little in this instance except in-
creased pressure. Since 0.5-ml. sample
volumes were to be used, the volume of
an 0.636 X 125 cm. column was large
enough to prevent peak widening from
sample volume size (171).

Resin Particle Size. Sensitivity
and resolution were both improved
by using resin particle diamcters as
small as possible, consistent with
reasonable pressures. The quadratic
form of Equation 4 (Appendix A)
indicates that for values of d,<1, the
rate of decrease of peak width becomes
less as d, 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

-twofold - increase in pressure.
-significant reduction in particle diameter

20% (approximately) reduction in peak
width, or a gain in peak height of 1.2.
However, since pressure varies as 1/d,?
(11), this change is accompanied by a
Further

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

VOL. 35, NO. 13, DECEMBER 1963 « 2061
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rium position {21) and by standard pycnometric methods

(15)

may not be uniform (6, 13). Industrial
practice also refers as 8%, to 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 (16) and water
regain (I16) are parameters that vary
with cross-linking but though they may
be determined accurately, correlation
must still be made with nominal eross-
linking which has the inherent un-
certainties noted above. This dilemma
was resolved here by correlating wet
density of a series of resins with their
nominal eross-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 eross-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 coeflicients, K4 (see Appendix
A for a definition of K. was examined,
because selectivity coefficients, of which
K, 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 K4 [Equa-
tions 5 and 6, Appendix A, and Equa-
tion 12 (11)]. A predictable relation-
ship between K,; and cross-linking
would thus make possible the evalua-
tion of the chromatographic suitability
of a resin, without trial runs, by a de-
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% CROSS - LINKING (DENSITY)

Figure 7. Distribution coefficients, K4, as a function of
cross-linking as determined by density

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 109, 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 next examined, (see
Appendix B for a method of determining
Kg4). 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. Itisseen that for the amino
acids, K¢ 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 Kj for any two amino acids that
were compared, was also increased.
Considering K, 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 2,
peak separation is increased as cross-
linking is increased, but the time of
elution is lengthened because of the



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, 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 109,
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, s somewhat greater
depth than that previously reported,
but less than the maximum useable
(9). A4.4-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

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 signal.
For example, in the present method,
by displaying 2-mv. changes full scale
on an 8-to 10-mv. range a factor of X5
is introduced, equivalent to displaying
0 to 0.0969 absorbance units full scale,
Similarly, a 1-mv. span on a range 20-
to 21-mv. range, is equivalent to 0O to
0.0213 absorbance units full scale or a
factor of Xx20. 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 umole 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 ml. of blood serum or plasma from
human subjects is, very approximately,
0.01 pmole, 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.

APPENDIX

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, 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:

W = Cy(Z)? (1)
where 7 is column length in cm.
W = Cy(A) (2)

where A is the column cross-sectional
area in cm.,?

W =+C:+ Ci. U, (3)

where U, is the linear flow rate through
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the colurmn in cc. per hour—i.e., U, =
(volumetric input)/A.

W = V/Cid, + Cedy? 4

where d, is particle diameter in em.

W = +Ci + Cslawy + CoKaty (5)

where Ky is the distribution coefficient
of component (a). K, is a dimension-
less number defined as the ratio (moles
of amino acid in the resin -per em.? of
column volume)/(moles of amino acid
per cm.® fluid), at equilibvium. K, is
a function of pH, sodium concentration,
temperature, cross-linking, degree of
sulfonation, and other variables. C, to
C,y are constants.

Equation 1 of Hamilton, Bouge, and
Anderson (171) is:

v = AZ(Kawe + F1) (6)

where 7 is the efluent volume from the
column at emergence of the peak of
component a, whose distribution coeffi-
cient is Kgqy. F s the void volume of
the column; it is a dimensionless con-
stant, which, for spherical particles
closely approximates 0.40 (11).

Appendix B. K, 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., F1 =
0.40.

A more formal and more general
description of K 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 ml. 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
pumber 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 169, resins.

For a more precise determination and
to better visualize density dispersion,
10 ml. of each solution, starting with
the least dense of the range that was to
be covered, was carefully layered in a
100-ml. graduated cylinder. Such col-
umus, if handled carefully, changed
little for these purposes over a period
of several days. A knife point, of resin
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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 & 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 ml. of each
solution by layering in a 4-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 f[ractions, if
present, had separated. Successive lay-
ers were removed from the column by
aspiration.

ACKNOWLEDGMENT

It is a pleasure to acknowledge expert
technieal assistance in many ways from
Johanne C. Dickinson and much help

from her and Edith M. Talley in the
preparation of charts and manuseript.
Thanks are also tended for the loan of
equipment from the Technicon Corp.,
Chauncey, N. Y., through the courtesy
of George C. Winter.

LITERATURE CITED

(1) Cusworth, D. C., Westall, R. G,
Nature 192, 555 (1961).
(2) Frimpter, G. W., Bass, A., J. Chro-
matog. 7, 427 (1962)
(3) Gerntsen T., Lipton, 8. H., Strong,
M., Walsman, H. A, "Biochem.
B1o hys. Res. Commun. 4, 379 (1961).
(4) Gfueckauf E., “Ion Exchange and
its Appllcatlons » pp. 34-46, Soc. of
Chem. Industry London, 1955.
(5) Glueckauf, E., Trans. Faruday Soc.
51, 34 (1955).
(6) Glueckauf, E., Watts, R. E., Nature
191, 904 (1961).
(7% Hamilton, P. B., ANaL. CHEM. 30, 914
1958)
(8) Hamllton, P. B, Ibid., 32, 1779
1960).

(9) Hamilton, P. B, Ann. N. V. Acad.
Sct. 102, (1), 55(1962)

(10) Hamilton, P. B., Anderson, R. A,
ANaL. CHEM. 31, 1504 (1059).

(11) Hamilton, P. B., Bogue, D. C,
Anderson, R. A, Ibzd 32, 1782 (1960)

(12) Helfferich, F., “Ion Exchange”
McGraw-Hill, New York, 1962.
(13) Hogfeldt E., Science 128, 1435

(1958).

(14) Kirsten, E_, Klrsten, R., Biochem.
Biophys. Res. Commun 76 (1962).
(15) Kunin, R., “Ion Exchange Resins,”

2nd. ed., Wiley, New York, 1958.

(16) Pepper, K. W., Reichenberg, D.,
Hale, D. K., J. Chem. Soc. 1952, 3129.

(17) Piez, K. A., Morris, L., Anal.
Biochem. 1, 187 (1960).

(18) Reichenberg, D., Pepper, K. W.,
l\g§Cauley, D. J., J. Chem. Soc. 1951,
493.

(19) Rieman, Wm., III, Sargent, R.,
“Physxcal Methods in Chemical Anal-
ysis,” Vol. IV, pp. 133-222, W. G.
Berl, Ed., Academic Press, New York,
1961

(20) Spackman, D. H.,, Stein, W. H,,

S., ANAL. éHEM 30, 1190

(21) Suryaram, M. G.,, Walton, H. T,
Science 131 829(1960)

(22) Ullrich, K. J., Hampel, A., Arch.
Ges. Physiol. 268, 177 (1958-59).

(23) Woods, K. R., Engel, R. L., Jr,
Ann. N. Y. Acad. Sci. 87, (2), 764
(1960).

(24) Zacharius, R. M., Talley, E. A,
ANaL. CHEM. 34, 1151 (1962).

REcEIVED for review July 19, 1963.
Accepted September 24, 1963.

Semiautomatic Machine for Group Separation of
Radioelements by Cation Exchange

W. G, MATHERS and €. W. K. HOELKE

Atomic Energy of Canada Lid., Chalk River, Ont., Canada

b A technique for performing a five-
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 five counting
sources for each sample are obtained
and counted during an 8-hour day.
Total manipulation time for the an-
alyst during this period is about 1.5
hours. Detailed analytical results are
presented for two samples: a syn-
thetic mixture of the radicelements
Sb!%; Zr, Nb%; Cs, Bal¥; Co®; Sr, Y%,
Ce, Pr'#4; ond a 3.6-year-old mixture
of fission products. The radiocelements
in these two samples report primarily
in the following groups: Group I, Sb,
Ru, Zr, Nb; Group I, Cs; Group I,
Co; Group IV, Sr; and Group V, Y,
rare earth elements,

w 1960, a program was started at this
laboratory to study the de-
contamination of radinactive-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 Sr%,
Cs¥, and the rare earth elements as a
group. Since Sr¥% is a relatively weak
B-emitter, such counting techniques as
scintillation spectrometry and external
B-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 g-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 Tigure 1.
The samples and the elutriants are
fed to the ion exchange columns from
10-ml. disposable plastic syringes.
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 l-r.p.m. motor through a gear
train, rack, and pinion arrangement.

The column efftuents 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 B-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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Source heaters control

Source heaters ammeter

Bodine motor

Bodine motor switch

Main power switch

Air supply pressure gauge

Air supply pressure-regulating valve

Semiautomatic analyzer

Solenoid valve
Limit switch
Syringe clamp

ACTOMMOO®R

A drawing of the syringe, column,
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 opersted 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 frcm the source tray. This
difficulty was avoided at the lower flow
rate.

Mechanical Procedure. At the
start of each batch of analyses the

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 cm. 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 wuntil all
plungers are in. contact with the push
bar. They are then clamped firmly.

L
M.
N,
P.

Q.

R
S.
T.
U
Y.

Syringe -

lon exchange column
Air outlet

Source tray

Air rotameter
Needle valve

Air manifold

Air heater

Push bar
Source heater

Tablel.

Operating and Constructiona!

Data for Semiautomatic Analyzer

Drive motor
Motor speed
Pinion speed
Rack pitch
Syringes

Syringe bore
Pumping rate
Columns

Source heaters

Source heater
voltage
Air heater

Air heater voltage
Air heater current
Air rotameters

Air flow rate
Source trays

Source tray
material

Bodine, KYC-22RC

1 r.p.m,

0.018 r.p.m.

10 teeth per inch

American Hospital
Supply, 41775

1.64 em.

6.9 ml. per hour

0.5 cm. by 5 em. long,
Dowex 50-X4

Fisher Scientific,
11-502-15

41 volts

610 cm. of coiled
stainless steel tub-
ing, 0.635-cm. X
0.075-cin. wall

26 volts

28 amperes

Schutte & Koerting,
Fig. 1853

2 liters per minute

Laurentian Metals,
A622°9

Hastelloy C
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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 0.59, 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 cyecles
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 eycle. A few tiny bubbles are
tolerable and, with a little practice, 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 (Z, 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 used 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 1N
HCI, followed by 5 column volumes
of H,O. 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 ml. of 0.1N
HCI-0.02N H,C;0s; Group II, 10 ml.
of 0.50N HNOQ;; Group III, 8 ml. of
0.45N HCNS; Group IV, 10 ml. of
1.0N HNO;; Group V, 10 ml. of 2.0N

analyst has no difficulty in reducing the = HNO;. The 045N HCNS was pre-
H
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Figure 5. Elution spectrum of fission-product sample

pared as follows: One liter of 3.1M
HCl containing 150 grams of KCNBS
was extracted with 1 liter of benzene
and the aqueous phase discarded. The
organic phase was then backwashed
with 500 ml. of H,O. The aqueous

phase was separated, titrated for CNS—,-

and adjusted to 0.45N with H,0.

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 HCl 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 Brs
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 Leven. The sample was evap-
orated to drynessin a beaker. The res-
idue was dissolved in 2 ml. of 11.6N
HCI and again taken to dryness. = The
residue was dissolved in 2 ml. of 0.1¥
HCI-0.02N H,C,0s, 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.

Hige Lever. The appropriate ali-
quot was added to 2 ml. of 11.6N HCl
and evaporated to dryness. This res-
idue was dissolved in 0.1N HCl-
0.02N H;C:0s as above.

L
30 40 50 60 70 80 90 106
CHANNEL NUMBER

Figure 6. Gamma spectra of separated groups from fission-

product sample

Nal crystal. 3 X 3 inches
Absorber thickness. 620 mg./sq. cm.

Source distance.

1.5 mm,

Energy scale, «~15 k.e.v./channel
Parameter, Group number

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:
Sb12s;  Zr,Nb%; C(Cs,Ba¥; Co%; Sr,
Y%; and Ce,Pr'¥, Two 0.1-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 10—3NHCI.
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 359, geometry factor. The elutriation
curve plotted from the counting results
is given in Figure 3. In the second case
the column effiuent 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. The upper 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 B-counting rate of the synthetic
solution was known accurately from
analysis of the original tracer solutions
for Cs*¥, Co®, and Sr, Y®. The g-
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, Y% 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 produet mixture - (sepa-
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Comparison between Known and Determined 3-Counting Rates

B-Counting rate, ¢.p.m.s

Table I

Component Known
Cgt¥7 1.57 X 104
Co® 3.85 X 104
Sr, Yo 4.51 X 104

Determined Error, %
1.55 X 104 -1.2
3.97 X 10¢ +3.0
4.73 X 10* +4.5

o Same counter as used in obtaining data for Figure 3 but in lower position where

geometry factor was about 109,

rated fission products from natural
uranium irradiated to 0.7 atom 9
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 sirictly correct in every case,
since some of the photons identified
actually come from short-lived daughter
isotopes. 'The highest energy gamma
shown for Ru and the two highest
energy gammas shown for Cs'¥ 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
estimate rthe amounts of impurity
present. In those cases where the

stripped spectra did not show 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 X. 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 989 for Ru, Zr, and Nb. The
recovery of Sb could not be estimated
with preeision 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 99.99%,.
In Figures 3 and 5 it can been seen
that the elution spectra show 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 was added
to Yamatera and Kubo's scheme to
avoid contamination of the Sr frac-
tion by Co. Thioeyanic acid stripped
Co from the resin by complexing
without any apparent detrimental
effect on the subsequent separations.
The Co was recovered in high yield
(>99.99%) with the following de-
contamination factors: 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 Sr® bremsstrahlung. In
one case there is evidence of slight con-
tamination by Zr, Nb%, while in the
other case traces of Ru"® and Cs'*¥ 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 g-activity on
Groups IV and V sources indicated that
Y%, the 64-hour- half-life daughter of
8%, was mainly eluted in Group V.
Since Y% is a B-emitter 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
contarmination from the other groups,
and the decontamination factors for

the group as a whole are estimated
to be: Zr-Nb, >350; Ru, >30; Cs,
>1300; Co, >4000. The recovery of Ce
(and, by inference, Y and the remaining
rare earth elements) in Group V was
essentially quantitative (99.99;).

No radiocactivity was found on the
columns after the separations.

DISCUSSION

The above data describe the behavior
in the scheme of the long-livaed radio-
elements in fission produet mixtures and
the activation product Co®. The
Group I radioelements (Ru, Sk, Zr, Nb)
were the least well separated. A re-
covery of greater than 989 in Group I
was found for these elements in the two
analyses cited. This figure should be
regarded with caution. The aqueous
chemistry 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 evaporation of the
sample in concentrated HCI and loading
to the column. This was donz because
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 NO;~ ion ‘n Groups
I, III, IV, and V separations, the
synthetic sample described above was
analyzed, replacing the nitric acid
reagents with the same concentrations

- of hydrochloric acid. When compared

with Figure 3 the resulting elution
spectrum  showed extended trailing
edges for both the Cs and Sr oeaks and
less steep leading edges for the Co and
rare earth peaks.

These phenomens resulted in signifi-
cant cross contamination between
Groups II and III and alsc between
Groups IV and V. The latter finding is
in agreement with results reported by
Yamatera and Kubo (3).

A possible explanation of the above
results is that both Cs and Sr are
complexed to some degree by NO;~
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 lon Exchange

Determination of Total Radiostrontium in Milk

F. E. BUTLER

Savannah River Plant, E. I. du Pont de Nemours and Co., Aiken, S. C.

B 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 tolvene
ofter stepwise pH adjustments of the
aqueous solution. Calcium, strontium,
and other cations in 250 ml. of milk
were first concentrated in 60 ml. of
dilute HCl solution by a batch ion
exchange resin technique.  After sepa-
ration of calcium and radiostrontium
by the liquid ion exchange method,
Sr8? and Sr% were stripped from the
final organic phase with 3N HNO; 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 Y%, Cs137,
K*, Lo, and I8! were greater than
10%  Ba,1*0if present, can be removed
by homogeneous precipitation of
barivm chromate.

AMAJOR PROBLEM in analysis of milk
and other biological samples for
total radiostrontium is the removal of
the large quantities of calcium before
counting. While Sr¥ can be determined
by carrier-free separation and counting
of the Y% daughter (2), Sr® must be
counted directly in combination with
Sr®,  The solid material on the planchet
must be small to prevent absorption of
the low energy Sr*® beta particles during
counting.

The classical fuming nitric acid
method of Willard and Goodspeed (8)
is frequently used to separate Sr*® and
Sr®  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

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 108 d.p.m.
or higher were separately prepared in
0.08N HCI solution and extracted
with 5 and 209, (0.16 and 0.64M)
di - 2 - ethylhexyl phosphoric acid
(HDEHP) dissolved in toluene. Vari-
ous amounts of NH OH (28 to 309,
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. Aliquots 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, 209, HDEHP dis-
played better exchange characteristics.
Only Zr-Nb%, Fe, and Zn® exchanged
to the 59, organic phase at pH 1.
Results of initial tests with 209
HDEHP are shown in Table 1. Greater
than 959, Ca* was exchanged at pH 3
compared to 339, Sr,

The rate of exchange of Sr® is of
interest. Tests showed that at pH 5,
greater than 999, of the nuclide was
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exchanged from aqueous solution to
the organic phase in a 5-second shaking
period. Strontium-85 was also rapidly
and quantitatively stripped from 209%,
HDEHP with an equal volume of 3N
HNO:..

Additional tests were made with
samples containing Ca* and Sr®%.
Aqueous-to-organic volume ratios were
varied from 1:1 to 1:2 using 5, 20, and
409, HDEHP. Results for 5 and 209,
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 Ca* exchanged with
10 and 159, of the Sr#5. The optimum
conditions resulted when equivolumes
of aqueous and 209, HDEHP solutions
were used. Forty per cent HDEHP
showed separations similar to those of
209, solution and are not shown. The
complete data for the optimum Ca* and
Srés separation are plotted in Figure 1,
showing exchange of 949, Ca* and 109,
Sr#5 at equilibrium pH 2.8. These
exchanges were reversible on addition
of NH,OH or HCL

Similar separation was achieved from
a sample containing 200 mg. of calcium
carrier and Sr* tracer. Calcium was
exchanged first at pH 2.8. Strontium-
89 was then exchanged to a fresh solu-
tion of 209, HDEHP at pH 5. The
Sr8? was stripped from the organic
solution with 3N HNOQ;, the acid was
evaporated, and the residue ws

Table I.  Extraction of Radionuclides
from Aqueous Solutions
Per cent exchanged to 209, HDEHP phase

Measured equilibrium pH of
aqueous solutions

Nuclide pH1 pH3 pH4 pHS
Cats <1 >95 100 100
Srés . <1 33 90  >99
Cs-Ba!¥ <1 3 13 37

Ru-Rhi® <1 15 26 65
Ce—Prist 33 99 >99 >99
Zr-Nb% 72 36 42 75

Nb% 21 e ... v
Ji1 11 31 46 46
go"o <1 46 96 98
e 68 ce e L.
Znss 17 >99 >99 >99
Sr:‘ <1 17 33 66
3 <1 ve . A
Mn®4 <1 96 >99 >06
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Figure 1.
solution to HDEHP solution

mounted on a planchet. The planchet
contained 909, of the original Sr8 and
109, of the calcium.

Test with Milk Solutions. Tests
were made with milk samples spiked
with Sr®¥ Sr®® and Cs—Ba'®. The
cations in the milk were concentrated
by a bateh ion exchange resin technique
reported previously (2). A final dilute
HCI solution was prepared containing
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 solutions. 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 Figurs 1, however,
less than 109, of Sr® tracer was re-
moved by equivolume extraction of
milk solution with 209, 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

80 100

Exchange of Ca® and Sr® from dilute aqueous

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 Cs'¥ and K% 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 ml. of milk into
60 ml. of 0.08N HCI 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
NH,OH required to attain these equi-
librium pH’s are shown in Table III.
Extract the sample with 60 ml. of
209, 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-ml. portion of
HDEHP at pH 4.8 to 5.0.
Strip radiostrontium from the last
organic phase with 60 ml. of 3N HNO;.
Add 10 mg. of strontium carrier and

Separation of Ca*® and Sr® in Aqueous Solution

Nuclides exchanged to organic phase

Table Ii.
Ratio
% aqueous-
HDEHP to-
in organic,

toluene ml. Srés Cats
5 60:60 109, 449,
20 60:60 109, 949,
20 40:80 109, 84%

pH Srss Ca® pH
3.5 159, 55% 3.7
2.8 159, 959% 2.9
2.3 15% 85% 2.5
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Exchange of Ca® and Sr®® from oxidized milk
solution to HDEHP solution

Table lil. Calcium and Strontium
Exchange
Approx-
imate
Aqueous vol.

_ equilibrium NHOH
Exchange pH required
First calcium 3.6t03.8 1.0ml.
Second calcium 2.6 t02.8 0.2 ml.
Radiostrontium 4.8t05.0 1.2 ml.

evaporate the acid to dryness. Dis-
solve the solids in 1 ml. of distilled water
and 2 ml. of 709, HNO; and transfer
to a 100-ml. round-bottomed centrifuge
tube with a total volume of 50 ml. of
fuming HNO;. 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 ml.
of fuming HNO; 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-Y9% for
determination of recovery.

RESULTS AND DISCUSSION

Eight milk samples were spiked with
Sr-Y® and analyzed by the total radio-
strontium procedure. Sr*® 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(NOjs)2-4H-0) compared to 300 mg.
of calcium in 250 ml of milk. D.F.s
for Cs'¥, K%, and Y®¥—the most likely



milk contaminants—were greater than
103, Three other nuclides, 1'%, Bal®,
and La'®, are possible short-lived milk
contaminants immediately following
nuclear tests. The D.F.s for 1'% and
La 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 Ba!#®
D.F. (1).

The Sr# concentrations are calculated
by difference between total radiostron-
tium and Sr% An individual sample
can be analyzed in 3 hours compared to
approximately 8 hours required for the
rhodizonate procedure (1).

Separate Sr*® determinations for 500-
ml. samples are still done by extracting
and counting the Y%* daughter (2).
The Y is counted accurately and later
recounted to verify purity. Total
radiostrontium may also be retained for
Y?® buildup and then recounted to de-

termine Sr® content, although this
procedure involves counting the three-
component mixture of Sr89, Sr® and
Y®, which have different counting
efficiencies. A rapid approximation of
higher levels of Sr® in milk samples may
be made by this method. Several Sr®
concentrations calculated for milk
samples recounted after 3 to 6 days were
within 109, of the amount determined
by the Y® extraction method. The
accurate determination of Sr8 will be
useful in age-dating of radiostrontium
found in milk and will provide a clue to
origin—i.e., fallout ws. local origin.
In addition, the rapidity with which
samples can be analyzed for both total
radiostrontium and Sr® 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 calecium and strontium was
only briefly explored. Tests with a
number of radicisotopes (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
complexing 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.

SEPARATION 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 (74) 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 polycyelic 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 eyclohexane: 809, ethanol,
cyclohexane: 989 acetic acid, benzene:
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809, acetic acid, iso-octane: 879, 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 was 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
polyeyelic aromatic concentrate from
high boiling petroleum products. Solu-
bilities of several carcinogenic aromatic
amines were shown by Neish (13) to be
greatly increased by the addition of
caffeine or tetramethyluric acid. Simi-
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lar findings for the carcinogenie dibenzo-
carbazoles and dibenzacridines were re-
ported by Booth and Boyland (2). Al-
though the purine, tetramethyluric acid,
markedly increased the solubility of
polycyelic aromatic compounds in water,
the amounts of these materials dissolved
were still too small to be of practical
use in a countercurrent extraction oper-
ation. We therefore utilized an aqueous
909% 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 solvent pair it has been pos-
sible by countercurrent distribution to
achieve separations of several com-
pounds which are difficult to separate
by other means,

EXPERIMENTAL

Materials and Apparatus. PREPA-
RATION OF TETRAMETHYLURIC ACID.
8-Chlorocaffeine was prepared in 979,
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 S8-methoxy-
caffeine in 869, yield by refluxing in
methanol with sodium methoxide (6).
Rearrangement to tetramethyluric acid
was accomplished by heating 8-methoxy-
caffeine (m.p. 177-8° C.) for 1 hour at
200-30° C. (7). The product crystal-
lized from boiling water upon cooling
(m.p. 228.5-9° C.). A yield of 609,
was obtained for the synthesis from
caffeine. Tetramethyluric acid can be
obtained in two crystalline forms, stout
heavy blocks or long, fine ueedles.
The former is the more stable and can
be obtained upon heating the needles

(12). Calculated for CoH2N,0;: C,
4821; H, 5.35. Found: C, 48.15;
H, 5.17. Ultraviolet  absorption

maxima at 240 and 294 mp with log
Euot 3.80 and 4.04 (H,O) were con-
sistent with the spectrum reported by
Fromherz and Hartmann (7).
Compounps Usep. Samples of di-
benzofuran, acridine, fluoren-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)fluoranthene, and benzo(e)pyrene
were obtained from Aldrich Chemical
Co., Inc. (Milwaukee, Wis.). Anthan-
threne, 11 f-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 obtained from Rutgerswerke A.G.
(Frankfurt, West Germany). Car-
bazole was obtained from Matheson,
Coleman & Bell (East Rutherford,
N. J.). DPerylene and benzo(y,h,t)pery-
lene were obtained from Bios Labora-
tories, Inc. (New York, N. Y.). 11H-
Benzo(b)fluorene was obtained from
Edcan Laboratories (South Norwalk,
Conn.). Fluorene, phenanthrene, di-
benz(a,h)anthracene, anthracene, and
fluoranthene were obtained from com-
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Figure 1. Countercurrent distribution of several polycyclic aromatic compounds

between cyclochexane and 0.83% tetramethyluric acid in methanol:water (2:1

v./v.)
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mercial sources and were further puri-
fied by repeated column chromatog-
raphy on alumina.

SoLVENT SysTEM FOR COUNTER-
CcURRENT DisTriBUTIONS. Nine grams
of tetramethyluric aecid was dissolved in
one liter of 9:1 (v./v.) methanol:water.
This solution was equilibrated with 1
liter of cyclohexane to give 1080 ml. of
lower phase and 920 ml 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 similarly.

COUNTERCURRENT DISTRIBUTION APp-
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 ml. of each
solvent phase.

Procedure for Countercurrent Dis-
tribution. Three hundred transfers
were performed in the 100-tube Craig
countercurrent 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 was
introduced into tube 0 as the sample to
be separated. After the final transfer,
5.0-ml. aliquots of upper phase were
withdrawn from every third tube for
analysis. Each withdrawn aliquot was
washed with 5.0 ml. 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 funetion of the
distribution tube number in Figure 1.

Benzolg,h,i)perylene
Benzole)pyrene
Benzola)pyrene
Chrysene
Benz{o)anthracene

Procedure for Single~Tube Dis-
tributions. An amount of the poly-
cyelic compound sufficient to permit
accurate ubsorbance 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 volume of lower phase
by vigorously shaking for about 1
minute. The two phases were allowed
to separate and the upper phase was
centrifuged to clarify it. Aliquots of
the unextracted and extracted upper-
phase solutions were then removed,
washed once with water, and centrifuged
to provide initial and final solutions for
ultraviolet absorption measurement. A
Perkin-Elmer Model 350 spectropho-
tometer was utilized for these measure-
ments. Absorption intensities of the
two solutions were estimated at an
appropriate maximum using base line
corrections. The  distribution  co-
efficients were calculated using the
equation

- (A7) Vi
KE=m=anv. @

Ay = absorbance of upper phase
after equilibration

A = absorbance of upper phase
before equilibration

V: = 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
Iand I1.

RESULTS AND DISCUSSION

An advantage of the countercurrent
distribution method for separation of
mixtures is that quantitative estimates
of components can be made on the basis



of the binomial 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 polyeyclic 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
caoncentrations (Table II). This was
confirmed by the close agreement of the
measured 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, Kz/Ka, where K4 is the
distribution coefficient in the solvent
svstem containing TMU and K5 is that
for the same system without TMU.
These values are recorded in Table I.
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 polyeyclic 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 Kp/Ka were in the same
ranges as were found for the hydro-
carbons. Carbazole, with a five-mem-

Table L Distribution Coefficients for Several Polycyclic Aromatic Compounds
Distribution coefficient
- Ka
cyclohexane/
Number 0.839% TMU Kg
of fused in 90%, cyclohexane/
Compound rings methanol 909, methanol Ks/Ka
Hydrocarbons
Anthanthrene 6 1.22 5.85 4.80
Dibenzo(a,!)pyrene 6 0.99 4.75 4.80
Benzo(g,h,7)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(e)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
Benz(c)acridine 4 1.46 2.35 1.61
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
Table . Distribution Coefficients for Polycyclic Aromatic Compounds between

Cyclohexane and 9:1 Methanoi:H;O Containing Varying Amounts of Tetra-
methyluric Acid

Concentration
of polycyeclic
com; (})lund in
cycb(;fgl)'zeane Distribution coefficients
Polycyelic extraction, %TMU in lower phase
compound pg./ml. 0.0 0.46 0.83 1.20
Benzo(a)pyrene 1.54 1.76
Benzo(a)pyrene 14.7 1.78
Benzo(a)pyrene 146 1.81
Benzo(a)pyrene 2.9 2.52 1.22
Benzo(a)pyrene 5.0 4.63
Pyrene 1.13 2.19
Pyrene 25.8 2.29
Pyrene 191 2.29
Pyrene 38.8 4.55
Pyrene 2.5 2.98 1.75

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

that the solubilities obeyed the relation-
ship

= C¢
k= Cro (2)
where
Cr = concentration of purine
Cre = 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
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the aqueous methanol by the purine is
given by the expression

Cro = _AIC;ZC _ BIC{Y;IC’ (3)
where 4Cre and sCrc are the con-
centrations of the hydrocarbon in 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 Equa-
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.

Cuc =k (flA - Kig 4)
The simplified Expression 4 may then
be substituted in Equation 2 to give

Cce!

klk = (5)

The slope of the plot of log (KLA — 1?1;

vs.log Cris an estimate of f. 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,
f, 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.

P> 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./v.)

ethyl ether—chloroform, 1:1 (v./v.)
ethyl ether—chloroform, 1:1 (v./v.)
acetone—chloroform,  1:19  (v./v.)
methanol—chloroform,  1:9  (v.[v.)

methanol~chloroform, and 1:2 (v./v.)
methanol—chloroform. Results ob-
tained with a number of three- and
four-component mixtures are de-
scribed.

OMPOSITIONS CONTAINING noniohic
C surface-active agents ecommonly
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 other nonioniec, nonsurface-
active materials, such as hydrocarbon
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oils, 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 (I, 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 general
columnar chrématographic method
which has been developed to separate

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-ml. buret (60-cm.
X 1-em.i.d.) 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 ml. of chloroform (U.S.P.,
dried for a few days over anhydrous
CaCly) and poured into the column.
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Figure 1. Separation of mixture No. 1 10
. Figure 2.
The sample, approximately 300 mg.,
was added to the column as a solution . L .
in chloroform. fractions weighing >10 mg. which

« The elution program was: chloroform,
70 ml. (I); 1:99 (v./v.) ethyl ether
(anhydrous)-chloroform, 100 ml. (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.8.P.)-chloroform, 100 mi. (V); 1:9
(v./v.) methanol (U.S.P.)-chloroform,
70 ml. (VI); 1:2 (v./v.) methanol
(U.8.P.)—chloroform, 70 ml. (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 ml. per minute, the solvents
evaporated, and the residues weighed.
Refractive indices were taken on all
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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. Thisis 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
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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.

Erayr Eraer-CHLOROFORM, 1:99
(v./v.), elutes triglycerides (but not
castor oil) and long-chain fatty acids
and alcohols—e.g., cetyl aleohol, lauric
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VOL 35, NO. 13, DECEMBER 1963 o

26 30
FRACTION NUMBER

40 50

Figure 4, Separation of mixture No. 4
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acid, oleic acid. Span 80, a highly
hydrophobic  surface-active  agent

(HLB = 4.3), is not eluted by this’

solvent.

ErnyL 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.

AceroNE-CHLOROFORM, 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
Kelly and Greenwald (2) on an ethoxy-
lated octylphenol.

MeraaNoL-CHLOROFORM, 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 wusing 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.

MergaNvoL-CHLOROFORM, 1:2 (v./v.),
elutes even the most highly hydrophilie
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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

different fractions were obtained cor-
responding to one original material.
(Fractions IIT 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

substances, such as glycerol and balances, in a number of cases, two case they were indeed fractions of the
Table I. Recovery of Components of Mixtures
Mixture Original components Recovered material
No. Name and/or structure Amt., mg.® np%e Eluent Amt., mg. np*
1 Mineral oil 77.5 1.4778 I 75.8 1.4778
Cetyl alcohol 78.5 b I 80.1 b
Brij 30-lauryl alcohol + 4 moles EtO 84.1  1.4510 ¥ Blas 1.a88
Brij 98-oleyl alcohol + 20 moles E£O 71.6 1.4616(33°) Vi 69-5169.0 1.4619(33°)
2 Nonylphenol 7.7 1.5100 L o Slrs.s 1 s1ii°
Igepal CO-430-nonylphenol 4 4 IIT 42.8 1.4998
moles EtO 80.9 1.4976 1V 388,816 1.4940
Igepal CO-850-nonylphenol + 20 78 .4 1.4768(33°) \' 81.8 1.4763(33°)
moles EtO
Polyoxyethylene glycol, mol. wt. 1000 76.9 RN VI 75 1
3 Cottonseed oil o7.2  1.4705 L 04 (194.0 e
Et}l%g%t 142/15~oleic acid + 5 moles 131.5 1.4703 R’I gé g 133.5 iiggg
Ethofat C/25-lauric acid + 15 moles VI 90 0 1.4620
EtO 99.0 1.4612 Vil 91.5 .
. T ce
4 Cottonseed Oil 98.5 1.4705 T 95‘0 95.0 1.4697
2pan 8(;:—(>srbi:;an mono—olef,te i 101.0 1.4764 %{;I 76041055 14741
'ween orbitan rnono-oleate + 20 90.0 1.4722
moles EtO 104.0 1.4720 VII 9.5/99-5
5 Methyl laurate 64.8 1.4299 I 48.1¢ 1.4303
Lauric acid 72.8 e II 76.1 b
N,N-bis(g8-hydroxyethyl)lauramide 78.9 m.p., 48.7°- v 80.2 m.p., 48.0°-
Ethomid HT/60-hyd; d tall 937G VI 72.7 Bye
Lthomi ydrogenated tallow N 2.
amide 4 50 moles B0 84.3 {VII 13.5}86 2 b

s Amounts and refractive indices on 1009, active basis.

® 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 econ-
taining an average of 4 moles of ethylene
oxide, was separated into two fractions
whose refractive indices, np® 1.4488
and np® 1.4538, correspond, respectively,
to ethoxylated lauryl alcohols con-
taining an average of 3 moles and 5
moles of ethylene oxide (/7).
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Separation and Determination of Iron(ll) and Iron(ll)
with Anthranilic Acid Using Solvent Extraction
and Spectrophotometry

DONALD L. DINSEL! and THOMAS R. SWEET
Depariment of Chemistry, McPherson Chemical Laboratory, The Ohio State University, Columbus 10, Ohio

» lron(lll}) was extracted as the an-
thranilate info 1-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(H} 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.

NTHRANILIC AcCID was first pre-
pared by Fritsche in 1841 (2) and
wag 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(IIT)
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
SovuTioN, 0.07M. Five grams of

recrystallized acid were dissolved in

1 Present address, E. I. 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.

StanparD IroN(IIT) SovuTioN. 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-ml. 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.

Stanparp IRoN(II) SovLuTioN. 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 159, solution of
pyrogallol. Fresh solutions were pre-
pared as soon as a positive test for
iron(I1I) was obtained.

Oraanic Liqums. 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 ml. of 1-pentanol.

Apparatus. All pH measurements
were made with a Beckman Model G
pH meter. Quantitative absorbance
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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
mm. were maintained for all measure-
ments. Other absorbance measure-
ments were made with a Cary recording
spectrophotometer, Model 14. An In-
ternational Centrifuge, 220-ml. capacity,
was used to increase the speed of separa~
tion of the aqueous and organic phases.

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 ml. was added to each
bottle. Twenty-five milliliters of a
0.07M solution of anthranilic acid
(pH 4.5) were added and then 10 ml.
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 mpu 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 1-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 mu.

I Working curve data are given in Table

Procedure. The aqueous sample
containing iron(III) and iron(II) was
outgassed with oxygen-free nitrogen.
With a pipet 25 ml. 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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Table l. Data for Working Curves

Fe(I11)
added, Ab-
mg. sorbance Solvent,

0.047 0.112 1-Pentsanol

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-Pentanol

0.048 0.137 Amyl acetate,
acetophenone,
and 1-pentanol

0.097 0.270 Amyl acetate,
acetophenone,
and 1-pentanol

0.146 0.402 Amyl acetate,
acetophenone,
and 1-pentanol

0.195 0.535 Amyl acetate,
acetophenone,
and 1-pentanol

0.244 0.673 Amyl acetate,
acetophenone,
and 1-pentanol

0.292 0.802 Amyl acetate,
acetophenone,
and L-pentanos

ple. The anthranilic acid solution

previously had been outgassed with
nitrogen. Ten milliliters of 1-pentanol,
outgassed with nitrogen, were pipetted
into the bottle. The mixture was
shaken for £ minutes and centrifuged.
The two phases were separated and the
aqueous phase was placed in a 50-ml.
beaker. Two milliliters of 309, H.0.
were added to the aqueous phase to
oxidize the iron(II) to iron(III), and
enough 0.5V HNO; was added to lower
the pH to 4.5. The aqueous phase
was set aside for 15 minutes to assure
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Figure 1. Visible spectra of iron{lll) anthranilate extracted into various alcohols
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Figure 2. Visible spectra of iron(lll) anthranilate extracted into various esters

A. lsobutyl propionate
B. Butyl acetate

Table l. Aaalyses of Iron{lll}-Iron{ll) Samples
Iron(II) Iron(IIT) Iron(1I) Iron(IIT) Absolute
Sample present, mg. present, mg. found, mg. found, mg. error, mg.
1 0.134 0.132 —0.002
¢.195 0.194 —0.001
2 0.134 0.136 0.002
¢.390 0.390 0.000
3 0.112 0.107 —0.005
0.195 0.194 —0.001
4 12.8 e ... ...
0.195 0.188 —0.007
5 10.8 .. .. ...
4.195 0.195 0.000
6 0.110 0.109 —0.001
0.234 0.241 —0.002
7 0.084 0.078 —0.006
G.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 . e
Table lil. Effect of Aqueous Volume on Extraction
Vol. water Total Fe(I1I) Fe(I1I) Absolute Error,
added, mi. vol., ml. taken, mg.  found, mg. error, mg. o
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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C. n-Amyl acetale
D. Ethyl acetate

complete oxidation of the iron(II), then
the solution was saturated with anthra-
nilic acid by the addition of approxi-
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(IIT) anthranilate was measured
against reference solutions which were
treated in the same manner as the
sample. The 1-pentanol solution was
measured at 475 mg and the mixture
at 465 mu.

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.
1-Pentanol and a mixture of amyl
acetate, acetophenone, and 1l-pentanol
had the best separation characteristics—



i.e., low solubility in water, no dispersed
water in the organic phase, and
quantitative extraction. Kven though
the complex had a larger maximum
absorbance value for a given concentra-
tion of iron(III) in the mixture than in
1-pentanol alone, the mixture could not
be used for extraction in the presence of
iron(IT) because it oxidized the iron(I1)
to iron(III). Therefore, 1-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(II1I) can be
determined in the presence of iron(II)
in a quantity 65 times greater than the
iron(IIT) 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—i.e., greater than 425 p.p.m.—
a negative error in the determination of
iron(IIT) and a positive error in the
determination of iron(II) are caused by
the oceclusion of iron(IIT) anthranilate
with the iron(II) anthranilate precipi-
tate, and consequent incomplete extrac-
tion of the iron(IIT) 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(IIT) 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(I1I)
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 3. Visible spectra of iron(lll) anthranilate extracted into various ketones
A. Acetophenone
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Figure 4. Visible spectra of iron(lll) anthranilate extracted into various organic
mixtures

Amyl acetate and acetophenone (1.5'to 1 by volume)

Amyl acetate, acetophenone, and 1-pentanol {1.3 to 1 to 0.05 by velume)
1-Pentanol and acetophenone {3 to 1 by volume)

Butyl acetate and acetophenone {5 to 1 by volume)
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Figure 5. pH-precipitation curve for iron{lll) anthranilate

Figure 6. pH-absorbance curve for iron(lll) anthranilate
extracted into 1-pentanol

VOL. 35, NO. 13, DECEMBER 1963 « 2079



presence of iron(III) after the anthrani-
late was extracted. Seversl qualitative
reagents for iron(III) were used. They
included 1,10-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(I1I)
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 IV. Temperature Effect on

Absorbance
Temperature, °C. Absorbance
10 0.530
20 0.540
25 0.540
35 0.542

Table III shows that the volume of
the aqueous phase up to 46 ml. has little
effect on the amount of iron(I1I)
anthranilate extracted. Therefore,
when using 25 ml. of 0.07M anthranilic
acid solution, the volume of the solution
containing the iron could vary from 1
ml. to 20 ml. 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
zine anthranilate and Kiba and Sato (7)

Table V. Analysis of Iron(ll) Anthranilate

_ c, % H, 7% N, % Fe, %
Theoretical 51.24 3.68 8.54 17.02
Experimental 51.45 3.72 8.64 16.93

Table VI. Analysis of Iron(lll) Anthranilate
C) 0/70 H; % N’ % Fel %
Theoretical, 4 - 54.32 3.82 9.05 12.03
Theoretical, B 46.18 4.16 7.69 15.34
Experimental 46.13 3.89 7.48 15.74
Table Vil. Results of Interference Studies
Weight of iron(III) present: 0.195 mg.
Inter- Weight of
fering interfering Iron(YII) Absolute Error,
ion ion, mg. found, mg. error, mg. %
Nickel 6.772 0.182 —0.013 6.6
6.772 0.191 —0.004 2.0
6.772 0.195 0.000 0.0
Copper 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
Cobalt 5.432 0.193 —0.002 1.0
5.432 0.195 0.000 0.0
Cadmium 13.16 0.185 -0.010 5.1
6.58 0.187 —~0.008 4.1
3.29 0.194 —0.001 0.51
Zinc 6.608 0.187 —0.008 4.1
6.608 0.195 0.000 0.0
Chromium 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
Mercury 50.0 0.182 —0.013 6.6
22.5 0.186 —0.009 4.6
12.5 0.192 —0.003 1.54
Aluminum 8.0 0.177 —0.018 9.2
. 2.0 0.195 0.000 0.0
Manganese 3.20 0.196 0.001 0.51
3.20 0.195 0.000 0.0
Lead 16.1 0.195 0.000 0.0
Chloride 146. 0.191 ~0.004 2.0
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determined the composition of the
manganese, mercury(1I), and lead
anthranilates. These divalent metal
anthranilates have the formula M(Cs-
HeNOy).. 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(1I)
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(C:He
NO;):. 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-
(C/HeNO;)3. 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:

H.0
oo
od” [~ooc
OH

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(II1I) 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 29, or less was
obtained.

During these studies it was observed
that the interference effect could be



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(I1I) anthranilate was of no
advantage because the interfering ion
formed a precipitate as rapidly as the

iron(I1I). 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(IT) and iron(II) in the presence of
iron(IIT). Most of the methods for the
determination of iron(III) and iron(II)
in a sample involve the determination
of the iron, usually in the plus two
state, a reduction and determination of
totaliron. An example of this method is
the use of 1,10-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-Thenoylirifluoroacetone

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

B> 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. Smail amounts of lithium
markedly enhance the extraction
of cesium with 2-thenoyltriflvoroace-
tone. Highest extraction coefficients
are obtained in the presence of lithium
with 2-thenoyltrifluoroacetone dissolved
in solvents containing the nitro grovp—
e.g., 98% for nitromethane and nitro-
benzene. Efficient extraction of other
alkali elements is possible under
certain conditions. The method s
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.

r | 'HE 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, ).

The versatile chelating agent, the-
noyltrifluoroacetone (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-
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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.

Nal(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-thenoyltriluoroacetone (TTA)
(mol. wt. = 222) was supplied by
Eastern Chemical Corp., Newark, N. J.

Carrier-free cesium-134 solution, con-
taining about 1.4 X 10® gamma counts
per minute per ml.,, 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
E?t_argy Board, Pelindaba, Pretoria, South
rica. -
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tilled water. The cesium-134 was then
taken up in 20 ml. of 1N sodium hy-
droxide, quantitatively transferred to a
250-ml. volumetric flask and made to
volume with 1V sodium hydroxide.
This stock solution, containing 5 X 10°
gamma counts per minute per ml., was
used in the extraction studies.

Procedure. Pipet a suitable ali-
quot of the cesium tracer solution
containing approximately 5 X 10°
gamma, counts per minute per ml. into a
50-ml. centrifuge tube. Add 5 ml. of
1N lithium hydroxide and make up to
10 ml. with 2N sodium carbonate.
Extract for 3 minutes with an equal
volume portion of 0.5M 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 clinical centrifuge. Care-
fully pipet 1-ml. aliquots of the phases
into 75-mm. culture tubes. Cork the
tubes and count the gamma radic-
activity on a well-type scintillation
counter. The above procedure gave
cesium extractions of 98.09, for both
the mnitromethane and nitrobenzene
systems,

RESULTS AND DISCUSSION

TTA reacts with most metal ions to
form unionized chelate compounds solu-
ble in organic solvents and immiscible
in water of the form:

~M/n_
[fﬂ_P C—CF
57N o :

Table l. Cesium-134 Tracer Extracted
with 0.25M TTA in Hexone
[Dilvent (1:1) at pH 8.5]

The alkali elements, however, because
of their large size and small charge, form
saltlike derivatives of B-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):

ron
C-0 O-C

C// Na/ \\C
\ A x

?=0 o=?'
Rz RZ

(6] O
7/ NN
CH——(|] \? —\ H
R: R.
ey

These facts suggested the possible en-
hancement of alkali extractions by a
suitable choice of solvent.

Preliminary experiments had clearly
indicated that pH wvalues greater than
7 or 8 would be required to attain satis-
factory extraction ratios. Now, when
TTA is titrated with a base, a curve
characteristic of a weak acid of pK,
about 6.2 is obtained (13). If the TTA
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

08134
Diluent Extd., %
T'richloroethylene 10.3
Chloroform 10.9
Amyl acetate 4.7
* 2:4 Pentanedione 7.7
2-Butanone 6.6
Diisobutylcarbinol 8.3
Dibuty!l carbitol 4.8
Nitroreethane 21.6
Xylene 1.0
Table Il

Effect of Aqueous Lithium Concentration on Cesium-134 Tracer

Extraction at Varying TTA-Hexone Concentrations
(3-Minute extraction periods. Organic/aqueous vol. = 1)

No lithium 0.3N lithium carbonate
TTA concn. Caglsd Cg13t
in hexone, M pH extd., % pH extd., %
0.05 12.1 12.1 5.0
0.5 96 16.5 7.95 56.6
1.0 7.45 71.5
2.0 8.0 65.9 7.4 85.2
2.5 8.1 79.0 7.3 87.1
4.0 7.2 89.9
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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 of TTA remains unhydro-
lyzed. The hydrolysis products are
acetylthiophene and trifluoroacetic acid.
The same treatment of solid anhydrous
TTA mentioned above produces essen-
tially complete conversion to the enolate
ion:

Na+
>y 0
i

C—CF
N, T

Either TTA or TTA-H,0 can be con-
verted to enolate ion in a buffer of pH
8. But if aqueous TTA solutions are
allowed even momentarily to become
more basic than pH 9, cleavage of the
TTA-H;0 (the principal species) results.
The above observations have been con-
firmed spectroscopically (2, 6).

Because of its structural similarity to
TTA, 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
TTA 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 49, at pH 7
reaching a maximum of 219, between
pH 8.5 t0 9.0 with 0.5 TTA in methyl-
isobutylketone (hexone) were observed.
The results obtained for the different
solvents tested are listed in Table I.
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
TTA concentrations proved moderately
successful, 2.5M TTA giving about 799,
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 TTA. 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 ecarbonate to the aqueous phase
is given in Table II. High concentra-



ticns 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 ml.) of 0.5M TTA-nitromethane
and of aqueous phase 0.3N in lithium
are used, 989 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 NO.,
with the N atom attached to a carbon
atom, they may be formulated as
follows:

0
N+
R N+\O_

By analogy to the previously mentioned
behavior of alkali 3-diketone compounds
of forming extractable 4 or 6 coordinated
compounds (4), it would seem reasonable
to postulate that the cesium might be
extracted in the form

.

ZC—0_ -~
CH Cs
No=0" ™o
i —_N-— CHs
CF;

6\ 4
~N—CHa
0)

0" +

The initial problem was to determine
the interrelation of the four parameter
variables, namely, the concentrations of
TTA, 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
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ghtly 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.

Table lll. Extraction of Cesium-134
Tracer with 0.5M TTA-Nitromethane
as a Function of Time
(Organic/aqueous volume = 1)

Cs13t extd., 9

Time, No 0.3V lithium
min. lithium carbonate
1 74.4 97.9
5 73.0 98.0
15 _ 70.1 97.3
30 67.9 97.3

Figures 2 and 3 show the variation of
the per cent cesium-134 extracted into a
nitromethane-xylene (1:1) 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 effeet is shown in Table I1I 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, where
visible decomposition of the. TTA 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 T'T A~
nitrobenzene system. described below.

Strongly anionic groups, such as chlo-
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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Figure 4. Exiraction of cesium-134
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concentration
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Organic phase, 0.25M TTA-xylene with varying
amouynts of nitromethane

Extraction period, 3 minutes

A, O0.5M lithium citrate

B. No.lithium citrate

volume = 1

IV using the standard procedure de-
scribed above.

Two successive 3-minute extractions
with equal volume portions of 0.5M TTA
in nitromethane-xylene (4:1) cause
99.5% of the cesium-134 to be extracted

Table IV. Effect of Strong Anionic
Groups on Exiraction of Cesium-134

Tracer
. Conen., Cgi
Anion M extd., %
Control cee 94.8
Chloride 1 89.5
Sulfate 1 89.8
Nitrate 1 87.6

Table V. Extraction of Macro Amounts
of the Alkali Elements

Amt. Recovery,
Element added, mg. %
Lithium 13.6 91.4
Sodium 112.0 44 .8
Potassium 10.8 82.1
Rubidium 6.2 92.2
Cesium 7.4 99.5
2084 o+ ANALYTICAL CHEMISTRY

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 989,
in the first extraction, but the percentage
sodium extracted is increased to 459.
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 Dbrief investigation of nitroethane,
nitropropane, and nitrobutane as sol-
vents for TTA gave slightly lower ex-
traction coeflicients for cesium.

Use of a strong aqueous complexing
agent for most metal ions renders the
extraction highly selective for cesium.
(Ethylenedinitrilo)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
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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,
0.5M lithium hydroxide, and 69,
EDTA. This solution was extracted
for 3 minutes with an equal volume por-
tion of 0.5M 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 0.5 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 0.5M 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 iscamyl
aleohol, 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 6§
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 coefhi-
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 lon
Exchangers from Nitrate Media

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

P The distribution coefficients of 60
metal ions have been measured for
four inorganic ion exchangers from
nitrate media over the pH range of 1
to 5. The exchangers are hydrous
zirconium oxide, zirconium phosphate,
zirconium ‘tungstate, and zirconium
molybdate. The data are presented
as plots of log distribution coefficient
vs. pH in o series of four periodic
charts. Separations of onalytical in-
terest are presented.

THE use of inorganic compounds for
ion exchange separation has been
gaining popularity. The emphasis in
research o date has been the synthesis
of various inorganic compounds and
experiments to characterize the ion
exchange mechanisms. The 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—
hydrous 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 acidie
media and the acid salt types are
appreciably soluble in basic media.

Based on the excellent studies of
Kraus et el. (5), Amphlett (1), Gal and
Gal (4), and others (2, 8), the adsorp-
tion properties of the inorganic ex-
changers can be summarized as follows.

Hydrous Zirconium Oxide. Inacid
(at pH levels below the isoelectric
point), the positively charged polymer
is electrically neutralized by exchange-

2086 ¢ ANALYTICAL CHEMISTRY

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 complexes are adsorbed; com-
plexing reactions with the exchanger
can cause abnormally high adsorption
—i.e., 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 Cr.0;72 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

Exchange Characteristics of Elements
Potential analytical usefulness

Be separated from A and ITA
elements at pH > §

Ag separated from most cations

Adsorption increases with increasing Scseparated from ITIA elements

Table 1.
Periodic
group Remarks
IA Low adsorption
IIA Low adsorption
1B, IIB Adsorption increases with increasing
pH, except Ag with high adsorption atpH 1
over pH range 1 to 5
IITA, IVA
(rare earths) pH. Sc and Zr most strongly ad-

at pH 3 t0 5

sorbed. Zr added from fluoride soln.
may be adsorbed as fluoride complex
or through heterogeneous exchange

reaction with exchanger

I11B Maximum adsorption at pH 3 to 5 ex-
cept TI(I) which is low over pH range

1tob

IVB, VB, VIB Strong adsorption, as anionic species,
over pH range 1 to 5 except Pb(II).

TKI) separated from IIIB ele-
ments at pH 3 to 5

Pb separated from IVB, VB,
and VIB elements at pH 1

D of Pb(II) maximum at pH 3

VA Nb and Ta added from fluoride media.
Increasing D with increasing pH
attributed to increasing stability of

fluoride complexes




on Hydrous Zirconium Oxide from Nitrate Media

Periodic
group

VIA

VIIA

VIII

Actinides

Remarks

D of W (as WO,~2) and Mo (as MoO, 2

high and independent of pH. Cr
(II1) adsorption pattern similar to
IITA elements

Lower D for Te(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(I1II) and Ru
(I11) similar to IITA elements. De-
creasing D with increasing pH for
Pd(IT) may be due to formation of
nonadsorbing hydrolysis product.
Ir(IV), added from chloride media,
stlrongly adsorbed as chloride com-
plex

Decreasing D of Th(IV) with increas-

ing pH attributed to formation of
nonadsorbing bydrolysis product.
D values of U, Np, Pu present in
-6 oxidation state approach useful
high values at pH 5

Potential analytical usefulness

Cr(I1I) separated from Fe, Co
and Ni

U separated from Th
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Figure 1. Exchange characteristics of eleménts on hydrous Zirconium oxide

(milliequivalents of Cs per gram at pH 4)
were:
Zirconium phosphate, 1.05

Zirconium molybdate, 1.12
Zirconium tungstate, 0.77

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-ml. polyethyl-
ene centrifuge tube were added 0.50
gram of one of the four inorganic ex-
changers and 10 ml. 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 metalion
solution had been preadjusted with ni-
tric acid or ammonium hydroxide to pH
1,3, or 5. A polyethylene stopper was
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Figure 2. Exchange characteristics of elements on zirconium phosphate

inserted and equilibration was made for
1 hour on a 33-r.p.m. wheel. After
centrifugation, 1-ml. aliquots were ana-
lyzed. The beta-gamms tracers were
counted in a well crystal; the alpha
tracers were plated on stainless steel
planchets and counted in a zinc sulfide
alphs 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_2o(a 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
1A

IIA

1B, IIB

11A
(rare earths)

IIIB
VA

IvB

Table H.

Remarks

Order of D is 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 TA elements. However, separa-
tion factors between members not as
high as for Group IA. D of Ba(Il)
decreases at high pH especially on
ZP and ZT exchangers

D values geperally \increase 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-
creasing D with increa.sini pH
attributed to increasing stability of
fluoride complex

Increasing D value as atomic number
increases as expected for increasing
metal character

Exchange Characteristics of Elements on

Potential analytical usefulness
Separation of individual alkali
me

Ba separated from Sr on ZP at
pHS5

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
to 5 on ZT




Zirconium Acid Salt Exchangers from Nitrate Media

Periodic

group
VA

VB, VIB

VIA

VIIA
VIII

Actinides

s ZP
™M

[l

Remarks Potential analytical usefulness

Nb and Ta added from fluoride media.
Decreasing D values with increas-
ing pH attributed to increasing sta-
bility of fluoride complex .

Increasing D values as atomic number
increases as expected for increasing
metal character.  Decreaging D
value for As with increasing pH
attributed to increasing stability of
anionic form

Cr(II1) adsorption pattern similar to
Group IIIA. D values of anionic
Mo and W are low

Separation of As from Sb on ZP
at pH 5. Separate Po from
Bion ZM at pH <1

Separation of Cr(III) from
Fe(III) 'on ZM at pH 4.
Separation of Cr(I1I) from W
and Mo on ZT or ZP at pH 4

Positively charged Mn(II) most strongly
adsorbed

High D of Fe on ZP attributed to selec-
tive phosphate complexing

Fe separation from Co, Ni, Cu
on ZP at pH 5. Ni separa-
tion from Pd on ZT at pH <1

Decreasing D of Pu(V1) with increasing Th separated from U, Np, Pu on
pH attributed to hydrolysis. High ZM at pH <1
D of Th and U on ZP attributed to
selective phosphate complexing

Zirconium phosphate.
Zirconium tungstate.
Zirconium molybdate.
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Figure 3. Exchange characteristics of elements on zirconium molybdate

DISCUSSION

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.
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The Application of Stripping Analysis to the
Determination of Silver(l) Using Graphite Electrodes

S. P. PERONE

Department of Chemistry, Purdue University, Lafayette, Ind.

P The exiension 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—°M.
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 (7, 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 (17), and re-
finements in their preparation—e.g.,
wax impregnation (4, 6)—and ap-
plication (6, 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.

After 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 10—°M.

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 (4+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. 1L4309) prepared for
use by immersion in melted paraffin
wax (Parowax, U. 8. 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. cm.

The reference electrode was a large
saturated calomel electrode connected
to the cell through two wultrafine-
porosity sintered-glass junctions. Be-
tween these two junctions was placed
a 2M KNO; 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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Figure 1. Current-voltage curve for

reduction of silver ion in stirred solution
2 X 107*M Agtin 0.2M KNO;

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 an opaque material,
with provision for periodic observation.

Reproducible stirring was furnished
by a Teflon-covered, 3/+inch magnetic
stirring bar and a Sargent synchronous
rotator (E. H. Sargent Co., Chicago,
1) 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 used without fur-
ther purification. The inert electro-
lyte for all experiments was 0.2M
KNQ;. 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 1078M
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 1074/ were
prepared as needed. The preparation
and use of solutions more dilute than
1078M required the equilibration of all
volumetric vessels and the cell assembly
with these solutions to minimize con-
centration changes due tc 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.

RESULTS AND DISCUSSION

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
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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,

Agt + le- = Ag

and an activity of unity is assigned to
the silver deposit, Nernst diffusion
theory (9) can be used to derive the
expression:

Ey: = Const. + RT/nF In C*a+ (1)

where C*;.+ is the bulk silver con-
centration; E,» 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
(>107%M) 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 vs.
8.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
Lold the electrode at a potential of
+0.90 volt »s. S.C.E. between runs
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Figure 2. Effect of pretreatment on

anodic stripping of silver deposits from
graphite electrode

Silver ion conen. was 4.0 X 1073M. Pre-
electrolysis time was 15 minutes. Dashed lines
are blanks.

A. Without pretreatment.

B. With pretreatment.

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 remewing the
electrode surface. (See Table 1.)
Despite the stability of electrode
characteristics, the effect of freshly pre-
paring the electrode surface (sanding,
polishing, etc.) before each run was
investigated also (Table I). The re-

Table I. Reproducibility of Stripping
Data
Rep- Average quantity of electricity,
licate Q (ucoulombs
no. B
1 2.66 2.56 286
2 2.72 2.57 254
3 2.65 2.63 255
4 2.73 2.56 281
5 3.01 2.59 259
6 2.80 2.79 289
Av. 2.71 2.62 271
Rel. std.
dev., %+2.6 +3.4 +6.1

A, B. Stripping analysis results for
4.0 X 1078M Ag™* (5-minute pre-electroly-
gis time). Data in column B were ob-
tained 2 months after those in column A,
uging 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.

. These data were obtained for a 2.0
X 105M Ag* solution (1 minute pre-
electrolysis), resurfacing the electrode
between each run.




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
could 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 (72, 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 0.1 KNO; 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 103M
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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Figure 3. Anodic stripping of silver
from graphite electrode

Dashed lines are blanks. Concentrations and

pre-electrolysis times were:
A, 2.0 X 107°M Agt, 1 minute
8. 4.0 X 107 Ag™, 15 minutes

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-gLECTROLYSIS 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

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. 8.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 wvs.
8.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 (13).
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 ll. Anodic Stripping Analysis of Silver lon®
Pre- Average
electrolysis quantity of

Concn., C time, ¢ electricity, @ Q/Ct X Rel. std.
(moles/liter) (min.) (ncoulombs) 10-¢ dev., %
2.0 X 108 1.0 262 13.1 +3.4
2.0 X 10~ 2.0 48.8 12.2 +=2.7
2.0 X 107 5.0 11.8 11.8 +3.4
4.0 X 108 5.0 2.71 13.5 *2.6
4.0 X 10— 15.0 0.79 13.1 +4.2

s Data refer to 8 x replicate determinations at each concentration.
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dilute concentrations. At 4 X 1073M
silver ion, the stripping scan rate was
increased to 33.3 mv. 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 and 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 1075} silver solution,
the limiting cathodic current was
4.2 ya. For a 60-second pre-electrolysis,
then, a silver deposit corresponding to
252 pcoulombs should be formed; the
stripping results show 262 pcoulombs of
electricity. Thisis 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%M 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 10~°M, perhaps
as low as 10~®}. 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. BLY?

Department of Chemistry and Chemical Engineering, University of lllinois, Urbana, Ill.

P 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 polarographically reducible
with a single diffusion-controlled wave
which merges with the anodic dissolu-
tion of mercury at 0.0 volt vs. the
mercury—mercurous sulfate 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 vyield 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 100-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).

ITRATE AND NITRITE react repro-

ducibly with 2,6-xylenol to produce
4-nitro-2,6-xylenol and 4-nitroso-2,6-
xylenol, respectively (). These re-
actions have been utilized in spectro-
photometric procedures for nitrate and/
or nitrite (?) 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/Hg,S0, reference -electrode
was prepared in the 5:4:1 (v./v.)
H,S0,:H,0:-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.
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Figure 1. Polarograms of (o) residual current of 5:4:1

v./v. sulfuric acid—water—acetic acid electrolyte, (b) 7.40 X
10—*M 4-nitroso-2,6-xylenol in air-saturated solution, (c)
7.40 X 10—*M A4-nitroso-2,6-xylenol, and (d} 5.03 X
10~*M 4-nitro-2,6-xylenol (concn. based on nitrate taken)

Current axis for curves (b) and (c) has been shifted by 0.50 pua.

leveling bulb construction and had
capillary characteristics of ¢ = 3.180
seconds at 50-cm. height of mercury
and —0.15 volt vs. the Hg/Hg,S0, 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 1074 to 102M. To a 100-ml.
electrolysis beaker add 40 ml of a 5:3
H:S0,:H;0 mixture (prepared by
adding 5 volumes of concentrated acid
to 3 volumes of water). To this solu-
tion add, with good stirring, 5.00 ml.
of aqueous standard nitrite solution and
5.00 ml. of 0.1M 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 vs. the Hg/Hg,SO, 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 constanf,
the resulting nonlinear working curve
can be used provided the nitrate con-

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 Hg,SO, 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.

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

CHs
2HO NO
CHs

upon acidity. Polarographic behaviér
was determined by preparing deter-
minate solutions of the pure compound
in the mixed solvent, 5:4:1 H,SO,:
H;0:HOAc¢, which had been deter-
mined by Hartley and Asai (?) 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

Q
— HO—Q—N:NQOH
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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 ws.
the mercurous sulfate reference elec-
trode used throughout this work (Figure
1). The potential of this electrode at
25° C. is +0.450 volt vs. the hydrogen
electrode when measured in the cell:
Pt/H,; 1 atm, 5:4:1 H;S0,:H,0:HOAe,
Hg:S04(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 200-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 H,S0,:H:0:HOAc to
be —0.27 volt vs. the Hg/HgSO0,
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 10~4M 4-nitroso-
2,6-xylenol. A plot of diffusion current
(measured at maximum pen deflection
with a 1l-second recorder) when cor-
rected for a small oxygen contribution
in this range has a slope of 5.375 ua.
per mM per liter and zero intercept.
Above 5 X 1074M the slope decreases;
at 1073M the current is 49, 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:

CH, CHj;

Q<

CH3 CH3

The diffusion current constant, (£2)msx/
Cm?3\5, for 4-nitroso-2,6-xylenol in
6:3:1 HoS04:H,0:HOAc at —0.60 volt
is 1.60. Curran obtained 2 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,SO; solvent and HOAe
solvent identify the process as: ArNO. +
4H+ 4+ 4¢ = ArNHOH. Gowen-
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Table |. Effect of Solvent Composition
on Nitrosation Yield
Solvent
compasition Yield®
H,S0,: H,0: Polaro- Spectro-
HOAce) graphic  photometric
6:3:1 83.0 81.9
5:4:1 92.8 82.7
9:9:2 85.7 77.2

¢ Results caled. on basis of diffusion
current constant or molar absorptivity of
4-nitroso-2,6-xylenol in each solvent mix-
ture.

lock and Luttke (6) state that the
polarographic reduction of nitroso com-
pounds proceeds according to: ArNO +
2H* + 2 = 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, supports an inference
of a 4-electron reduction of the nitro
compound and a 2-clectron 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-%
c¢m.? per second. The temperature
coeflicient of the diffusion current in
the range 20° to 40° C. is +2.19, 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 (I). He has
shown that the reaction with nitrite
yields at least one side product at all
acidities. In solutions of low acidity—
e.g, 109, aqueous acetic acid—nitrite
reacts oxidatively with the reagent to
produce 3,3’,5,5'-tetramethyldipheno-
quinone in addition to the major
product, the 4-nitroso-2,6-xylenol. At
higher acidities such as 6:3:1 H,S0,:
H,0: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 (NO,7)1/2 at constant
xylenol concentration (9). The nitro-
sation reaction rate is linear with
nitrite concentration while the oxidation
rate is proportional to (NO,™)V2, The
rate constant for the oxidation reaction
is approximately 109, of that for the
nitrosation reaction. Hence the loss of
nitrite at constant xylenol concen-
tration is relatively independent of the
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nitrite concentration and cannot be
more than minimized. Asal 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.

ErrecT oF Aciprry. 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 Hy80,: H,0:HOAc and H,S0,:
H;PO,:HO:HOAc was the acidity as
measured by Hammett’s acidity fune-
tion, H,. 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 —Hy;
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,
(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,S04:H0: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.

ErrecT 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

Table 1. Effect of Temperature on
Stability of Nitrite in 5:4:1
H250,:H,O:HOAC

T., °C. Yield, %* Rel. std. dev.?
16.0 89.0 0.32
45.7 89.0 0.26
55.0 88.5 0.32
64.9 87.2 0.37
74.1° 83.7 0.60
83.6 79.6 2.54

< Based on diffusion current of 4-nitroso-
2,6-xylenol equivalent to nitrite added
(2.02 X 1073M).

b Caled. from triplicate measurements.

of reagent and thus allows a test of the
alternatives.

Forty milliliters of a 5:3 HyS04:H,0
solution was heated to a desired tem-
perature in the range 20° to 40° C. and
5.00 ml. 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 ml. of the stock 0.1M
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 itselfl was determined by a
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 tern-
perature to more than 45° C. TFive
milliliters of stock nitrite in water was
added to each and the resulting solution
cooled to a specified temperature De-
tween 20° and 40° C. 'When the desired
temperature had been reached, 5.00
ml. 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.
After 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 rmaxi-
mum currents at reaction temperatures
of 20.0, 30.4, and 40.0° C.

The first two entries of Table 1T in-
dicate no detectable loss of nitrite
provided the temperature of the reac-
tion solution does not exceed 43° 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



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.

Errect 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 1073M stock
solution of nitrite was used. When
5.00 ml. of this solution is added to
40.00 ml. of the 5:3 acid mixture and
5.00 ml. of the reagent solution the
final composition is 5:4:1 H,SO.:H.O:
HOAc¢ and about 1.8 X 1074 in
4-nitroso-2,6-xylenol which produces a
diffusion current of about 1 wa. 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 H,SO,:
H;O ratio of the initial solvent was
adjusted such that when 5.00 ml. of
the reagent and the sample volumes
given in column 2 were added the final
solution was 50 ml. of 5:4:1 HySO,:
H,0: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 509)
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

Table lil. Effect of Sample Size on Nitrosation Yield®
. Diffusion

Nitrite Sample current at

taken size Maximum temp. —0.15 volt

(mM) (ml.) of solution (° C.) (ua.) Yield, %
0.100 20 94-97 0.181 74.9
0.499 4 31-33 0.187 87.0
1.00 2 27-29 0.186 86.5
2.00 1 26-27 0.188 87.4
3.99 0.5 25-26 0.182 84.7
0.499 20 93-96 0.921 85.7
1.00 10 48-51 0.980 91.2
2.00 5 34-36 0.989 92.0
3.99 2.5 29-30 0.989 92.0
1.00 20 95-97 1.857 86.4
2.00 10 50-51 2.009 93.4
3.99 5 35-37 2.031 94.5
2.00 20 94-98 3.738 89.8
3.99 10 51-52 4,098 98.5

¢ Constant final volume and composition: 50 ml. of 5:4:1 H.80,: HO: HOAc.

Table IV. Reproducibility of Nitrosation in Cooled 5:4:1 v./v.
HzSO4: Hzo H HOAC

Nitrite taken

(mM) at —0.15 volt (ua.)
0.050 0.029 &= 0.001
0.100 0.052 3= 0.001
0.401 0.197 £ 0.002
0.701 0.348 &= 0.002
1.00 0.499 &£ 0.001
2.01 0.943 = 0.006
4.01 1.946 &+ 0.014
6.02 2.828 £ 0.026
8.02 3.912 & 0.029
10.00 4.824 = 0.025

Diffusion currente.?

Yield, %* Rel. std. dev.*
107 .4 1.44
96.3 0.98
92.1 1.02
92.3 0.58
92.8 0.19
87.3 0.64
90.3 (.69
89.3 0.92
93.9 0.74
93.4 0.51

= Corrected for zero intercepiI; (0.020 pa.) of 74 (max) vs. C curve.

¢ Yields calcd. as in Table I.
¢ Caled. from triplicate measurements.

4 Variation in current expressed as average deviation.

Table V. Reproducibility of Nitrasation in Uncooled 5:4: 1v./v. H:5O:H;0 : HOAc

Nitrite taken

(mM) at —0.15 volt (ua.)
0.050 0.021 == 0.001
1.00 0.496 == 0.001
6.02 2.893 £ 0.009
8.02 3.824 4 0.020
10.00 4.858 =+ 0.022

Diffusion current®¢

Yield, %? Rel. std. dev.
77.8 2.22
92.2 0.14
91.3 0.32¢
91.8 0.53
94.1 0.44

s Corrected for zero intercept (0.023 pa.) of 44 (max) vs. C curve.

b Yields caled. as in Table I.

¢ Caled. from duplicate measurements; all others are from triplicate measurements.
¢ Variation in current expressed as average deviation.

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 1009, yield based on
the nitrite taken. This solution was
prepared with 5.00 ml. of aqueous
nitrosoxylenol solution, 5.00 ml. of
acetic acid and 40.00 ml. of 5:3 HyS0,:
H;0. In comparison, the solutions of
experiments 2, 8, and 12 are most
similar to the reference solution in this
respect.
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RerPRODUCIBILITY 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, 7, = 0.480C +
0.020 for the first procedure and 24 =
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
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Figure 2. Diffusion current vs. time for nitration in 9:9:2 v./v. H:SO&H,O:HOAC
{O) at —0.15 voli, and {a) at —0.60 volt; and in 5:4:1 v./v. H;SOxH,O:HOAc

() at —0.15 volt, and (0) at —0.60 volt

Nitrate conen. is 5.03 )X 10 7*M in solvent mixture

(relative standard deviation = 0.70) is
sufficiently small that the temperature
coefficient of the diffusion current raust
be tzken into account. In the 5:4:1
solvent the temperature coefficient is
+2.19% per degree in the interval 20°
to 30° C. Constant temperature con-
" trol to +0.1° C. is desirable.

ErrEct oF NrTrAaTE. It has been
shown previously that nitrate reacts
with 2,6-xylenol to produce the polaro-
graphically (8) or spectrophotomet-
rieally (7) measurable 4-nitro-2,6-
xylenol in these mixed acid solvents.
The acidity requirements for nitration
are greater than for the nitrosation;
in the 5:4:1 solvent nitrosation is
essentially complete in 2 minutes
whereas the nitration reaction is scarcely
59, complete in 5 minutes. Asai (I)
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 19, 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 nitrosoxylenol
shows only a diffusion-limited current
plateau at 0.0 volt whereas the cor-
responding nitro compound has a half-
wave potential of —0.27 volt vs. the
Hg/Hg,S0, reference electrode. In
solutions containing both compounds
it has been found (cf. Figure 1) that for
ratios of nitroxylenol to nitrosoxylenol
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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 & 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

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
pa. for 107¢M solutions. A nitrite
solution of the same concentration
vields a diffusion current of 0.96 pa.
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 caleulated for the amount
of nitrite present. This ‘“exaltation”
effect can be as large as 169, of the ex-
pected current as shown in Figure 3.

solvent is shown in Figure 2. Identical In the experiments shown in Figure 3
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Figure 3. Diffusion current at —0.15 volt vs. p[NO;~) for (A) pure nitrate sam-
ples, (0) 3 X 10~*M nitrite samples, and (a) 5 X 10—3M nitrite samples

Curves (@) and (A) are corrected for current of pure nitrite solution



a series of nitrate solutions were pre-
pared in the concentration range of
10— to 10~M 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 as 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 =
E(NO:~) (NO3;)¥2 until the nitrite
is nearly consumed. Beyond this point
the inerease in nitroso compound pro-
ceeds at & 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 44 nitrogen oxidation state with an
equilibrium constant for the formation:

HNOa + HNOa = (N204) + H2O

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-

centration in the original sample may
be caleulated by the usual methods of
standard addition analysis.

Errectr oF SipE ReacrionNs. 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:

CHj;

spectrophotometric solution. After 30
minutes the former has suffered less
than 19 decrease in diffusion current
while the latter has undergone a
149, 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 HS0,:

Ha CH,
NO,~ ] + Q—OH - 0 Q—Q 0 + NO? )
én,

CH;

Hs

o QOH - ONQ o

CHj

CH;

o0 +ONQOH ~ Ho@ :(j: o

CH;

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., 109, aqueous acetic
acid—while 2b occurs in strongly acid
solutions such as the present 5:4:1
H,S04:H,O:HOAce. 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
myu 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-

HOQN:@:O + oomt 4 2

ditions, the portion measured polaro-
graphically shows a maximum yield
approximately 2%, higher than the

CHs

HO —NO + 2H" + 2 == HO

CH;
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H,0: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 nitrosoxylenol.
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 1009,
efficient. The indophenols have been
shown (6§) to have reversible redox
characteristics in aqueous solution
according to the reaction:

= HO——@—E@OH &)

The nitrosoxylenol electrochemical re-
action at mercury in these solvents is
believed to be:

CH,
NHOH (4)

CH;
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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-xylenol  with the 4-nitroso-2,6-
xylenol 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 although no polaregraphic 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—¢}/. 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 vs. the Hg/Hg.SO, 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 vs. Hg/Hg,S0, 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).

The Tubular Platinum Electrode

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

P The tubular platinum electrode
offers considerable promise as an
analytical tool, because it permits
electrochemical measurements to be
made on a solution that flows through
it. The construction and properties of
the TPE are described. It is easy to
fabricate and to use. It is stable, has a
well defined geometry, and gives re-
producible measurements, Solution
holdup is low (2-10 pu.). Sensitivity
is high, electroactive substances being
detectable at concentrations below
10—3M. The dependence of current
upon electrode parameters is derived
theorerically and confirmed experi-
mentally.

IN THE EXPANDING area of continuous
analysis, there is an increasing need
for sensors that will operate continu-
ously in flowing streams. A tubular
platinura  electrode (TPE) through
which the solution flows offers low solu-
tion holdup and high sensitivity, and
thus appears suited for continuous elec-

1 Present address, College of Pharmacy,
Ohio State University, Columkus, Ohio.

? Visiting the United States as a
U.S.A.LD. (Technical Mission) partici~
pant, on leave from the Department of
Chemical Engineering and Technology,
Punjab Uaiversity, India.
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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 TPE.

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 =201« CD2I3R213X2/8V0113 (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
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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

I = nFJ,or
I = 2.01 nF = CD?3R23X23V U3 (2)

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; which may be expressed in terms of
R and V,. 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

von(i-%)

The volume flow rate may be found
by a simple integration.

R
Vs =f 2arVdr (4)
0
RV,
V,= ”—2—*0 (5)



PLATINUM

j CYLINDER
: INLET OUTLET

TUBE, 10/2 TUBE,
BALL JOINT 6mm. |.D.
Figure 1. Tubular platinum electrode

Equations 2 and 5 yield I as a funetion
of V.

I = 5.24 X 105 nCD¥3X23V M8 (6)

Experimental verification of the cur-
rent dependence upon the parameters
expressed in Equation 6 is given in the
following paragraphs.

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.

CURRENT MEASUREMENTS

The oxidation of K,Fe(CN)g in 1M
KCl was used for all current measure-
ments. A stock solution of 10—2M
K Fe(CN)s was prepared by dissolving
reagent grade K Fe(CN); in deaerated
1M KCI. 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, V,, was obtained by meas-
uring the time for the overflow of 25
ml. of solution from the beaker. Flow
rate measurements were reproducible
to about 19,. A constant potential

of 4+0.75 volt vs. SCE, well out-on the .

diffusion plateau for the oxidation of
K, Fe(CN)e, 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 vs. flow rate at six different
concentrations of K,Fe(CN)s ranging
from 10~ to 107°M, for electrode II

(R = 0.015 inch, X = 1.006 inches).
Below a flow rate of 10 ml. 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 !/; 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 ml.
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

40

(o)

| SR N |

I, MICROAMPS
N

| 1 [ I |
4 10 40
Vg, ML/MIN

Figure 2. Dependence of current upon
flow rate
Electrode }}, R = 0.015 inch, X = 1.006 inches

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
200-300, far below the ecritical values
of 2000-7000 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 20-50.
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
(100-200), 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 V, plot came at a lower flow
rate. Electrodes that were not smoothly
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
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Table I. Dimensions of Tubular
Platinum Electrodes
Electrode Radius (£), Length (X),

inches inches

I 0.020 1.006

11 0.015 1.006
111 0.010 1.006
v 0.010 0.506
' 0.010 0.266

VI 0.010 0.104

Table ll. Slopes of the Log I-log V,

Plots of Figure 2
(Electrode II, B = 0.015 inch, X = 1.006

inches)

K. Fe(CN)e Slope, ml./min.
molarity Below 10  Above 10
10—* 0.32 0.48
2 X 1075 0.34 0.48
4 X 107 0.35 0.47
5 X 107® 0.34 0.47
7 X 107® 0.32 0.47
10 X 10°% 0.33 0.47

Median 0.335 0.473

electrodes of Table I. Some¥of these
data are shown in- Figure 4. In all
cases, the slopes of the log I-log V, plots
at low 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/;, 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 ml. per minute) to give the
I vs. 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-
20— — T 7T 1T
B ®
B Ve
CML/MIND
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Figure 3. Dependence of current upon

concentration
Data from Figure 2
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Figure 4.

trolled, the relationship between I and
C is linear and reproducible, which
means that I may be used as a very
convenient measure of {. According
to Figure 3, a 10733 K,Fe(CN),
solution gives a current of 1 to 2 wa.,
at moderate flow rates. This current
does not show the fluctuations that a
dropping mercury electrode or a rotat-
ing platinum electrode does. Flue-
tuations in the TPE current appeared
to be much less than 19, which means
that concentrations below 10~7M should
be detectable (vide infra).

It is of interest that I depends linearly
upon (' 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 7—
log V, 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 ml. per
minute) and plotted on a log-log basis in
Figure & to show the effect on current.of
length of the electrode.

The log I-log X plots of Figure 5 are
straight lines with slopes of 0.61,
in reasonably good agreement with the
theoretical value of 2/;, according to
Equation 6. Since the exponent of
X must be obtained from data from
different electrodes, the precision can-
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Figure 5. Dependence of current upon
electrode length
Data from Figure 4
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not be expected to be as good as the
precision with which the exponent of
V, is determined (Figure 2), where all
data were taken for a single electrode.
Dependence of Current upon Ra-
dius. Figure 6 is an I vs. C plot for
electrodes I, 11, and III, of radii 0.010,
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 I is independent of the
electrode radius, in accord with Equation

6.

Calculation of D. According to
Equation 6 the slope of an I vs. C
plot permits a calculation of D.
The three plots in Figure 3 give 0.75,
0.73, and 0.75 X 107% sq. cm. per
second for flow rates of 2.5, 5, and 8
ml. per minute. The plot of Figure
6 gives 0.70 X 1075 sq. cm. per second,
which may be regarded as an average
of the data from three 1-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 107% sq. em. per second
is in good agreement with von Stackel-
berg’s value of 0.63 X 107% 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 ecalculated from Figure 5
fall at about 0.9 X 107% 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 0.10M XKCl and 0.10M
Na,HPO,, neutralized to pH 7.5 with
NaH,PO,. A portion of the blank solu-
tion was then made 10—3M in K;Fe-
(CN)s. Two 100-fold dilutions and a
twofold dilution of the 103M X;-
Fe(CN)s with the blank solution gave a
ferricyanide solution that had the
same composition as the blank, but in
addition contained nominally 5 X
10-8M K;Fe(CN)e.

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 !/, inch
long) from a two-way stopcock that
permitted alternation between the blank
and the 5 X 108}/ 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
10,000-ohm resistor, and the voltage
drop was measured with a microvoltam-
meter (Model 425A, Hewlett-Packard
Co., Palo Alto, Calif.) and recorded
(Model G-10, Varian Associates, Palo
Alto, Calif.).

Figure 7 is a record of the response
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Figure 6. Nondependence of current
upon electrode radius
Electrodes 1, II, Il

when the solution is switched from blank
to ferricyanide and back to blank again.
The residual current was 0.012 pua,
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 1072M XK;Fe(CN); should be
easily detectable.

It was not possible to dilute K
Fe(CN)g solutions. Attempts to do so
led to loss of the ferrocyanide at dilu-
tions at about 1078}, probably owing
to air oxidation. The KCl-Na,HPO,
buffer solution was chosen as a support-
ing electrolyte because of prior ex-
perience with the stability of K;Fe(CN)g
in this medium.

CONCLUSIONS

A principal advantage that accrues to
the use of the TPE in a flowing solution
is high sensitivity, since transport of

m
o

0.003 wa

G CB A

Figure 7. Response of TPE to 51X
10—8M KzFe(CNYJq

Steady-state current with blank solution

5 X 1073M ferricyanide introduced

5 X 1078M ferricyande reaches electrode
Steady-state current with 5 X 10 73M ferri-
cyanide

Blank solution introduced

Blank solution reaches electrode

. Steady-state current with blank solution

TPE, 0.040-inch i.d., and }/; inch long; residual
current, 0.012 pa.; flow rate, 8.4 ml./min.

vom»
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electroactive material to the electrode
is aided greatly by convection. A
typical TPE can detect concentrations
of electroactive substances below 10-8M
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 wl.) 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
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P 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 NaPQ; at
750° C., or LiPO;3;-NaPQO; at 730° C,
in which a potential span of 0.95
volt was available between the solvent
decomposition processes. Twenty ox-

ides and compounds were studied..

U305, CuO, FeO, Fe:03; and V.05
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.

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 () deter-
mined the decomposition potentials of a
series of metal oxides dissolved in fused
sodium metaphosphate and fused
1 Pregent address, Department of Chem-

istry, University of New Mexico, Albu-
querque, N. M.

sodium pyrophosphate at 1000° C., and
Delimarskif and Andreeva (3, 4) used
sodium metaphosphate as a solvent in
studies of galvanic concentration cells.
Delimarskil and Kaptsova (6) 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(ITI)
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:

Mzo + N&PO; —_ NaMzPO4 (1)
MO + NaPO, — NaMPO, (2)

MzOs + 3 N&PO; —_
2 MP04 + N33P04 (3)

MO: + 6 NaPO. -
2 NasPOs + M(POs)  (4)
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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 (75). Many reactions
are acid-base in nature, as exemplified
by the reaction of sulfates in the melt:

MS04 + NaPOa bl
NaMPO, + 80s (5)

The techniques of polarography in
molten salts have been amply described
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.m.f.
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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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 use of a microscope and cali-
brated micrometer eyepiece.

Cell. The polarographic cell con-
sisted of a 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 67 X 260 mm. and was held
in place with a ring of ceramic wool.
The Vycor container extended about 3
inehes 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
700° C. it was necessary to cool the
upper porticn 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 werk, 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 109,
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 10° 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 cell broke. The beaker
was grounded to a 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 pyrometer, Model No.
156C16PS-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 Equipment. Polaro-
grams were recorded using a Sargent
Model 21 polarcgraph. 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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Figure 1. Analysis of polarograms for uranium{VI) in fused alkali
metaphosphates

fusing the reagent grade alkali di-
hydrogen phosphates in platinum
dishes and heating at 950° 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 950° 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 950° 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
600° 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 LiPO;-KPO; eutectic
(64 mole %-36 mole 9,), having a
melting point of 518° 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 950°. 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.

PROCEDURE

Initial work was done using sodium
metaphosphate at 750° C., but the
LiPOs-KPO; eutectic described previ-
ously was used at 730° C. during most of
the work.

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 placed 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 vo the
pure solvent as needed.

The microelectrodes were inserted
until the glass tip just touched the
surface of the melt. At the high tem-
peratures employed some conduction of
the glass itself was observed, but such
errors were minimized by not inserting
the glass into the bulk of the melt.
If too rapid scanning rates were used
peaks were observed for the reduction
of metal ions in the melt; conse-
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 atmosphere of
air, but an inert atmosphere of argon
was employed whenever easily oxidized
species were being determined.

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  processes.
When the melts were electrolyzed with
two platinum electrodes, the electrode
reaction at the anode appeared to be

2P0;~ 213 0: + POs + 2~ (6)

Continuous evolution of gas occurred at
current densities above 5 ma. per sq.
cm. Identical results were obtained
with graphite anodes. The cathodic
process was complicated and appeared
to involve the reaction

4PO;~ +5e" 2P +3P0,~% (7)

Reactions yielding products such as
phosphite and phosphide ions could
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Figure 2. Analysis of polarograms for copper in fused alkali metaphosphates

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. Delimarskif 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 ma. per sq. cm.
Zinc metal reacted with the melts to
produce phosphorus and a solution of
the zinec 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.

~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
U;05 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 typical fluores-
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. Typieal
curves are shown in Figure 1. The
half-wave potential is —0.3 volt.

Plots of applied potential vs. log 1'—::

Table |. Relationship between Limiting

Current and Concentration of

Uranium(VI)

Concn., C, %4

mg. U/gram  (corrected
NaPO; for residusal) tac
2.38 6.1 2.56
5.02 13.2 2.63
7.41 19.0 2.56
9.91 25.3 2.55
12.97 34.6 2.66
15.50 41.6 2.68
Av. 2.61

Rel. std. dev. +2.3%,

also shown in the figure, gave least
squares slopes of 0.110 and 0.087 in
sodium metaphosphate and the LiPOs-
KPO; eutectic, respectively, compared
to theoretical slopes of 0.102 and 0.0995
for a 2-electron electrode reaction.
The reduction appeared to be

U(VI) + 2 ¢~ 2 T(1V) (8)

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 vs. log #'p

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 1-electron reduction process. No
deposition of copper metal was ob-
served at the highest concentration
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Figure 3. Analysis of polarograms for iron in fused alkali metaphosphates
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Figure 4. Analysis of polarograms for vanadium in fused alkali metaphosphates

level, 29, copper by weight. The
half-wave potential is about —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 LiPOs~KPO; solvent, respectively,
implying a 1-electron elecirode reaction.
The half-wave potential is about —0.37
volt.

Vanadium, Vanadium(V) oxide
was dissolved in a wmetaphosphate
melt by heating in an electric 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 & small piece of zinc 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 l-electron electrode
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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

LiPOs+KPO; 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 thg waves by means

of a plot of E vs.log {:T’L for the first wave

and a plot of E vs. log (s — %) 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 6-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 §, indicates that
the electrode process taking place here
is reversible. Two possible reactions
yielding silver sulfide are

2 Ag* + S0, + 6 e- =2
AgS 43072 (9)

200
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Figure 6. Analysis of polarograms of silver sulfate in fused NaPO;
Table ll. Least Squares Slopes Measured from Plots of Log - '_ L VS, Applied
Potential for Polarograms of Metallic lons and Sulfate in Fused Alkali
Metaphosphates
Observed Theoretical
NaPO, LiP0O,;-KPO; NaPO,, LiPO;-KPO;,
Ton solvent, 750° C. solvent, 730° C. 750° C. 730° C.
U(VI) 0.110 0.087 0.102 0.0995
Cu(1I) 0.198 0.182 0.203 0.199
Fe(III) 0.179 0.216 0.203 0.199
vV(Iv) - 0.193 e 0.199
S0,72 0.094 0.090 0.102 0.0995
S0;2 —0.033¢ .. 0.034 o
¢ From plot of log (4 — 7) vs. E.
Table lll. Summary of Polarographic Studies of Metallic lons and Sulfate in
Molten NaPO; and LiPO3-KPO; Eutectic at 750° and 730° C.
Number
of
electrons Color
Compound Nature in of melt
added to of electrode Eyps, when
melts wave(s) reaction volt cold« Remarks®
U30s Anodic-cathodic 2 —0.30 gr.
U(()(zl(l)\TOs)2~6H20 Cathodic 2 —0.30 y.-gr. Fl%orescent under
. vV
CuO Cathodic 1 -0.4 blue
Cu,0, CuCl Anodic 1 pale gr.
Fea0s Cathodic 1 —0.37 .
FeO Anodic 1 c.
V205 (d.) (1) Cathodic 1 -0.42 y.-or. Color green after
(2) Cathodic 1 reduction. V205
d. only partially
. to V(1V)
AgPO, Cathodic 1 c. Ag metal deposits
MnO-. (d.) Continuous v. Mn(II1) formed
cathodic
current,
Na,S0, (1) Cathodic 2 —0.45 ¢
(2) Cathodic 6 -0.61
CrQ; (d.) None gr. Cr(I11) formed
K,CrO, (d.)
TiO, High residual c.
current only
CoCl, None red
NiO None y-
PbO None c.
Nb.Os None c.
ZrO, None wh. Oxide appears in-
soluble
Na; WO, None c.

@ d. -decomposes; gr. -green; y. -yellow; c. -colorless; or. -orange; v. -violet.

2 Agt 4+ 80,72 + 8~ &
AgS + 402 (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 (¢4 — ©) indicate that
the second reduction wave is represented
by Reaction 9.

Other Metals Studied. Chromium
(V1) oxide and potassium chromate
reacted vigorously with the melt,
with evolution of oxygen to give melts
which contained chromium(I1I). 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(I1I).

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(I1I) complexes formed
in concentrated phosphoric acid have
been reported (13).

Zine 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
the metals in the negative direction. A
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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, 950° C. Thisis 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
uranjum, 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 IT
and a summary of all observations is
given in Table III.
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Polarography of Lanthanum(lll), Praseodymium(lll),
and Ytterbium(lll) in Anhydrous Ethylenediamine

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

P Anhydrous conditions are necessary
to avoid complicated rare earth
polarography. Problems of aqueous
systems are reviewed. Anhydrous
Yb(), La(ll), and Pr{lll) acetates in
anhydrous ethylenediamine gave a
double irreversible wave for Yb
{—0.411, —0.747 volt} and single
irreversible waves for Lo and Pr
{—0.565, 0.571 volt). A zinc refer-
ence and tetrabutylammonium per-
chlorate electrolyte were used. Cou-
lometry established 1- and 2-electron
steps for Yb and 3 electrons for La and
Pr. Metal amalgams were shown by
chemical tests. Yb(ll) gave no anodic
waves, since a transfer rate of 1.15 X
707°% e¢m. sec.™ at 0.0 volt caused
anodic overvoltages beyond Hg.

THE aqueous polarography of the
rare earths has been characterized
by three types of behavior. The first
case, Ce(IV)-Ce(IIT), 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
state followed by reduction to the
metallic state—i.e., Eu(lIl), Yb(III),
and Sm(IIL) (9, 11, 18, 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 1-electron reduction of
Eu(Ill), Yb(III), and Sm(III) is a
valid change, contradictions, lack of
information, and recent studies cast
doubt wupon 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 vs. SCE) follows the first waves of
Eu(III) and Yb(III) and precedes the
reduction of Sm(III), Sm(II), Eu(ll),
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(I1l), Yb(III), and Sm(III)] 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 aqueous
lithium chloride. He concluded that
the lanthanum wave corresponded tc
the reduction of hydrogen via inter-
mediates such as LaH; and LaHCl,.
Onstott (27, 28, 29) has reported that;
differential rates of gross electrolysis
of rare earths in methanol are due to
differences in intermediate hydride
species. However, metal amalgams do
form in ethanol. Liu, Budov, and
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.



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 eomposition 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(IlI) has been
studied and reported as not giving a
wave (35). Bayer (2) developed the
reversible reference electrode, Zn/Zn-
(Hg) (saturated), ZnCl; (saturated),
LiCl ({0.25M), and achieved good
results with the alkali metals in eth-
ylenediamine. Under gross electrolysis
conditions, Moeller and coworkers (23,
24, 26) found nonmetallic deposits on
cathodes of platinum and copper from
solutions of Nd(III), Sm(ITI), GA(III),
La(I1T), 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-
pium and ytterbiumin 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 8-29417, 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-

Polarographic cell

Figure 1.

Position of D and E shown by dashes when fitted
into C-2

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-1
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 ROM15B1 (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 989,
Eastman Organic material over molten
sodium for 4 hours under nitrogen,
followed by three distillations over
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sodium and under nitrogen. The third
distillate (specific conductance of 1 X
1078 to 2 X 1077 mho ¢m.™%) 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.~?

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 99.999, lanthanum oxide (code
528, Lindsay Chemical) were mixed
with a 2097 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
90.99, oxides (codes 729.9 and 1202,
respectively, Lindsay Chemical).

Hydroxy- and oxoacetates (I) 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.

ANBYDROUS LANTHANUM ACETATE.
Theoretical, 43.95%, La, 56.05%, ace-
tate; found, 43.85% La, 56.01%, ace-
tate, 99.859, total.

ANHYDROUS PRASEODYMIUM ACETATE.
Theoretical, 44.319, Pr, 55.699, ace-
tate; found, 44.199, Pr, 56.04%, ace-
tate, 100.23% total.

ANHYDROUS YTTERBIUM ACETATE.

" Theoretical, 49.42%, Yb, 50.58%, ace-

tate; found, 48.979, Yb, 50.329, ace-
tate, 99.299, 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 1,
followed by 0.2 gram of dried (150°)
zine chloride (J. T. Baker) and 20 ml. of
0.25M lithium chloride (J. T. Baker).
The two-phase zinc amalgam (about
29,) 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
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Figure 2. Residual current behavior in ethylenediamine Figure 3.

Wet solutions of 0.1M TBAP in En

N>

potentials in this work are reported
against the zinc reference electrode and
are designated E vs. Zn. Basged 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 ml. 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 ua. 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-

Pure dry 0.1M TBAP ia pure, dry En

mpure, 0.1M quaternary supporting electrolytes

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 (Ey», 0.53 volt) was used as the
pilot ion and was prepared by drying
reagent grade material (J. T. Baker) at
110° C. for 24 hours and then at 170° C.
for 24 hours.

The formation of rare earth amal-
gams was verified by electrolysis at a
stationary mercury drop (0.06-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

-0’5

T T
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Zn(Hg)

T
-0.6
E vs. ZnCly

Polarogram of Yb{lll) and Pr{lil) mixture

Yb(ilt)
Prilll)

320 X 1073 M
463 X 107¢M

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
ml. of water. The qualitative Alizarin
Red S test of Rinehart (33) was used to
identify each rare earth. Blanksrunon
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 10-33{.

Table . Polarographic Behavior of Laflll), Pr(lil), and Yb(lli} in Ethylenediamine

Conen., 1a (corr.), 14/C, E, 2 (corr.), Av. Eips,
Rare earth mole/1. pa. pa./mole X 104 volt vs. Zn Av.1 volt vs. Zn
La(III) 3.13 X 10—+ 0.82 0.262 —0.5585
(one wave) 5.44 X 10—+ 1.40 0.263 —0.581
6.75 X 107 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(1II) 3.30 X 10 0.90 0.273 —0.574
(one wave) 5.76 X 10 1.56 0.271 —0.566
6.24 X 10— 1.74 0.279 —0.561
1.83 X 1073 4.90 0.268 Maximum
2.84 X 1073 7.40 0.261 Maximum 4.88 —0.571
1st 2nd 1st 2nd 1st 2nd
Yb(III) 2.80 X 10~* 0.34 0.69 0.095 0.193 —0.406 —~0.763
{two waves) 6.20 X 10~ 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 103 1.24 2.52 0.096 0.195 —0.412  —0.758
2.48 X 103 2.50 4.70 0.101 0.189 Maximum 1.51;3.13 —0.411; —0.747

2110 e ANALYTICAL CHEMISTRY



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 (Z4 vs. Vh test).

Tables I and II give selected results
of individual solutions of La(III),
Pr(I1I), and Yb(III) 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):

ke
id ):.e.

1d)ea
14 e

X

7:4 ):’d Tr.e. C:-).e.
R Y =T
2 )r o Mg C:d

log = log

1

where 44)° and 7.)* are diffusion cur-
rents initially and after electrolysis
times ¢, n is the number of electrons, and
C° is the initial bulk concentration.
Only one reduction wave involving
three electrons was found for La(IIT)
and Pr(III). The half-wave potentials
are not sufficiently different to dis-
tinguish mixtures of the two. How-
ever, Table TII verifies additive wave
heights for admixtures. It is certain
that both Janthanum and praseodymium
reduce toc 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(III) 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(III) 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 Bu(IIT) reduces earlier than
Yb(IIT). However, the second waves
for Eu(IT) and Yb(II) 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 Bu(III) and Yb(III) 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(III) and Yb(III),
three waves could be observed only
when the Yb(III) concentration was
five times as large as Pr(IIT) (Figure 3).
At smaller ratios, the Pr(III) wave
blended in with the second wave of

Table Il. Summary of Capillary Conditions for Table |
Drop time at Hg flow rate i
potential E at potential E H(tgo?f-_%g Oﬁﬁ’;‘ﬁy
Wave Sec. Volt Mg./sec. Volt cm. cm.
La(III) 3.3 -0.80 0.368 —-0.80 35.3 25
Pr(I11) 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(II — 0) 6.2 —0.87 0.298 —0.87 32.4 28

Table lll. Polarography of Rare Earth Mixtures in Ethylenediamine

14, 1d,

R.E. 1, R.E. 2,

Concentration, mole/liter pa. ua.

RE. 1 R.E. 2 Exptl. Caled. Exptl. Caled
96.35 X 1074, La 1.22 X 1073 Pr 1.72 1.71 3.56 3.60
94,15 X 1074 La 8.70 X 1075 Pr 1.12 1.04 2.64 2.75
%463 X 1074, Pr 3.20 X103, Yb 1.34 1.33 2.90;5.88 2.93;5.85
9.90 X 1074, La 2.52X 1073 Yb 2.42 2.39 2.40;4.71 2.34;4.55

o ¢ and m at —0.80 volt were 3.62 sec. and 0.341 mg. sec. ™!, respectively.
b tand mat —0.56, —0.70, —0.87 volt were 5.7, 4.3, 3.8 sec. and 0.308, 0.317, 0.316

mg. sec.”}, respectively.

Table IV. Pilot lon Coulometry of Rare Earths with Cadmium

E of Electrol.
electrol., time, 24)°, 14)t, n for rare

Ion concn., mole/l. volt vs. Zn hr. us. 18 earths
Cd+? 1.41 X 1073 —0.87 12 4.68 1.68
Yb(I1I)2.92 X 103 —0.87 12 2.64 1.56 1.09 1st wave
Yb(II) 2.92 X 10~ —~0.87 12 5.20 2.68 1.89 2nd wave
Cd** 8.70 X 10~* —0.82 4 3.32 2.64
Pr(III) 1.57 X 10 —0.82 4 4.24 3.78 2.88
Cd** 1.61 X 1073 —~0.82 6 4.90 2.48 e
La(III) 7.74 X 10— —0.82 6 2.00 1.34 2.87

Yb(II), but wave heights were still
additive. '

After prolonged reduction of Yb(III)
at the DME, no oxidation wave for
Yb(II) 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 107% cm. sec.~* at 0.0 volt, for
the reductive rate and 0.48 for the
transfer coefficient, «. Assuming the
reverse oxidative rate to be equal to the
forward rate and a value of 0.52 for
(1-a), the calculated current at the
anodie limit of +1.0 volt in En is 0.13 pa.
for equal concentrations of Yb(III) and
Yb(II). 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(I). These effects are reflected in
values of & 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)*? + ¢~ — Eu*® + OH~ (2)
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Anodic Stripping Voltammetry of Gold and Silver
with Carbon Paste Electrodes

EMMETT S. JACOBS

Jackson Laboratory, E. 1. du Pont de Nemours & Co.,

P> 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 areaq,
supporting electrolyte, deposition po-
tential, deposition time, deposition
solution volume, stirring rate, and
anodic voltage scan rate 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.

NoDIC stripping techniques have
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 (3). Generally some
form of a mercury electrode has been
used. Platinum and gold electrodes
have been employed () 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 (7) 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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Figure 1.

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 ochms
with a solution of 0.1N hydrochlorie
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 female
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 1078} concentrations, and diluted



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 ml. 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 39, 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 vs. S.C.E. for silver and
mixtures of silver and gold.

Figure 2. Electrometric cell

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 vs. S.C.E. for gold, —0.3 to
+0.7 volt vs. 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.

- - e -
Figure 3. Carbon paste electrodes

A. 0.196 sq. cm.
B. 0.283 sq. cm.
C. 0.502 sq. cm.
D. 1.32sq.cm.

These determinations were made with
a 0.283-sq. cm. C.P.E. from 100 ml
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, (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 107 to
5 X 10—°M.

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 0.1N 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
0.1N hydrochloric acid proved to be
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Figure 4. Current-voltage
curves for anodic stripping of
gold and silver on C.P.E.
—10"M
———10"%M
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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 vs.
S.C.E.

Deposition Potential. A general
rule of thumb for anodic stripping
voltammetry is 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 10—¢M, it is
necessary to predict the reduction
potential from the Nernst equation.
At values of 1078M 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 vs. 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 vs. S.C.E. was taken as 1009%,.

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
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for these metals a value of 0.1 volt
was selected for gold and —0.3 volt vs.
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,
a8 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 analysis values to the theo-
retical amount initially present in the
plated solution. These results were
obtained from determinations made on
10~"M solutions with a 0.5-sq.-cm. area

Table I. Peak Current as a Function

of Concentration

(Electrolysis time, 15 minutes)

Concn., 5,
Ion mole/liter U,
Au*3(0.1M HCI) 5.0 X 10— 0.12
1.00 X 10—% 0.21
5.00 X 10% 1.34
1.00 X 107 2.78
2.50 X 1077 7.00
Ag* (0.1M HNO;) 5.00 X 10— 0.19
1.00 X 10~¢ 0.36
5.00 X 108 1.81
1.00 X 107 3.68
2.50 X 1077 9.39

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 10~ a period of 15
minutes is sufficient to plate about 0.1
ug. of gold and this is equivalent to 50
microcoulombs or a flow of 5 ua. 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 vs. concentration for a
15-minute electrolysis time (Table I)
show 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-
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Figure 6. Effect of plating time on

amount of metal plated

ments were just as precise as the area
measurements.

Deposition Solution Volume. 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 10—8M
solution of gold during a 1-hour period
can be doubled by plating from 1200 ml.

Table H. Effect of Electrode Area on Residual Current and Amount of Gold
Found at Constant Plating Time

Electrode Peak
area, sq. cm. height, ua.
0.196 8.52
0.283 10.7
0.502 18.2
1.32 43.4

Peak height/ Residual current/
electrode area electrode area
43.5 0.68
38.1 0.49
36.2 0.60
32.8 0.64
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of the same solution. Since all of our
work was done with at least 100 ml. of
solution, the volume required to achieve

.a worthwhile increase in the amount

plated was much larger than practical
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 determine
the optimum electrode area for plating
and stripping, gold was plated from
a 2.5 X 1077M solution onto C.P.E.’s
whose apparent surface area varied
from 0.196 to 1.32 sq. cm. for 30 minutes
at a potential of 4+0.1 volt vs. S.C.E.
The amount plated was determined by
measuring the anodic stripping peak
height. Under these conditions one
would expect. the ratio of the amount
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 constant.
This was only partly true, as shown by
the results in Table II. The smallest
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 high
residual current in proportion to its area.
Thus it would seem that there is a lower
and a higher limit to the electrode area
and the optimum area for analysis
should be about 0.3 sq. cm.

Stirring Rate. The sensitivity of
this method depends on the amount of
metal plated, which in turn depends
on the diffusion of the metal ion to
the cathode during plating. Stirring
the solution will increase the rate of
diffusion, as shown in Table III.
A stroboscope was used to measure
revolutions per minute.

Although higher 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



CURRENT, MICROAMPS
|
]

1 :

53 ¥6.3 _ t09
VOLTS VS. SCE

Figure 8. Effect of linear

voltage scan rate on anodic

stripping of silver

A. 150 mv.[min.

B. 562 mv./min.
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solution and on the surface of the carbon
paste electrode.

Most of the investigations with anodic
stripping voltammetry reported in the

Table lil. Effect of Stirring Rate on
Amount of Gold Plated
Stirring rate, Peak height,

r.p.m. ua.
400 4.5

600 6.2
800 7.5

1200 8.7

1400 9.6

1600 10.2

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 39, 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 10~7M 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 plating 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,

Table IV, Precision of Anodic Stripping Analysis with Carbon Paste Electrode
(Gold concn. = 2.5 X 10~M)

CPE-1
No. of detns. 8
Av. peak height, ua. 11.60
Std. dev., ua. +0.60
Rel. std. dev., % +5.17
Over-all

Av. peak height, ua. =

Std. dev., ua. =

Rel. std. dev., % =

CPE-2 CPE-3
8 8
11.44 11.88
+0.37 +0.29
*3.21 +2.44
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Figure 9. Current-voltage curve for
anodic stripping of a mixture of gold
and silver

Gold concn. 1 X 1073M

Silver conen. = 1 X 107"M
Plating time = 15 min,

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 vs. S.C.E.
is due to a trace impurity of copper.
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Determination of Some Heavy Metal lons by
Complexometric Titration with Sodium Azide Indicator

F. G. SHERIF and B. I. RAAFAT!

Chemisfry Department, Faculty of Science, University of Alexandria, Alexandria, Egypt, U.AR.

P Copper and iron can be deter-
mined in acid solution by titration
against  (ethylenedinitrilo)tetraacetic
acid (EDTA) using sodium azide as an
indicator. The end point depends
upon the difference between the
colors of each of the metal azide
complexes and the corresponding che-
late with EDTA, and upon the fact
that the instability constants 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.

DUIRING THE investigations of the
orange uranyl (4) and green
chrominm(III) (6) complex ions with
the azide as a ligand, it was found that
small amounts of (ethylenedinitrilo)-
tetraacetic acid, EDTA, would reduce
the interference of Fe(IIl) and Cu(II)
ions appreciably. The blood-red color
of the ferric azide complex and the
olive green color of the copper azide
ion disappeared completely. These
observations 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 complexometric titrations. For
example, iodide has been 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 as HCl, and thus
the method is comparatively insensitive
to variations in the pE values of the
soluttons.

In this work, the determination of
Cu(II) and Fe(III) in small quantities
in solution is presented. Conditions

! Present address, Misr Rayon Co.,
Alexandria, Egypt, U. A. R.
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Figure 1. Spectrophotometric titration
of copper(ll) and iron(ll)
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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.

EXPERIMENTAL

Apparatus. A Unicam spectropho-
tometer, Model SP 500, with 1-cm.
glass cells was used. The pH was
measured using a Marconi pH meter,
type TF 511C.

Reagents. A stock solution of
Cu(Il), 0.1M, was prepared from
crystallized copper sulfate. The cop-
per content was determined gravi-
metrically as the thiocyanate. A
stock solution of Fe(I1I), 0.08 M, 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
AlCl;-6H,O was used for the prepara-
tion of a solution 0.01M in AI(III).
The AI(III) content was determined
gravimetrically as the oxide. The
nickel solution was prepared from
NiCl,-6H,0 and analyzed gravimet-
rically as the dimethylglyoxime com-
plex. AnalaR zinc metal was dissolved
in dilute hydrochloric acid and a solu-
tion 0.1148M in Zn was obtained.
This zinc solution was utilized for the
standardization of EDTA, using Erio-

chrome black T as an indicator to
prepare a 0.023/ 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 0.01M copper
sulfate solution were mixed with 25
ml. of 0.