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we thought small
... 28 inches small, to be exact.
That's the width of our new fiber­
glass fume hood. Its depth is
only 231/2 inches; height 46,

It's designed for laboratories
where bench space is limited.
It's also good for large labora­
tories. Each technician can have
his own fume hood. Eliminates
the waiting line at one common
hood.

We thought small in price, too.
The Fiberglass-28, with motor

and blower, costs only $295.
This compact new hood

weighs only 70 Ibs, It's portable.
The entire hood is made of cor­
rosion resistant, fire rE'tardant
polyest~l, 'e:llhrced wit:! [:iass
fibers. 1:V -!'l :.1'(;' l,l::wcr is r.lade
of chemically resistant resin. No
meted to ccrrode.

'~iJ'3 ;:-iberglass-2::i fe3turec :?

snJOuill po,.celainiz~d t'in;sh o'n
both the interior and exterior.
Easy to clean. The color is

Circle No. 50 on Readers' SefviC1! Card

molded right into the resin. No
paint to chip or peel.

Call your laboratory supply
dealer. Chances are, he's already
stocking the new Fiberglass-28.
Ask him, too, about Labconco's
Fiberglass-47, -70, and Advance­
70 fume hoods. They're not so
small. Laboratory Construction
Scmpany, 8815 Prospect Ave.,
r<ansas City, Mo.



The New 120C Amino Acid Analyzer
The faster pace of irwestigations ... the increasing demands being made on
instrumentation ... the continuing need for precise results, excellent resolution,
and dependable service-all are reflected in the new Beckman Model
120C Amino Acid Analyzer and the Digital Integrator Accessory.

With the Model 120C you get large, well-defined peaks hom samples as
small as 0.02 micramole. You have automatic reprogramming at the
touch of a button. And timing is precise-to a tenth of a minute, with all
timers precisely coordinated. The Model 120C's recorder is faster.
The control panel is conveniently organized.

And since hand-calculating peaks has become exorbitantly time-consuming
(as compared to the mere two hours required for a protein hydrolyzate
run), the Beckman Digital Integrator also warrants consideration
for your laboratory. It automatically computes and prints out integrated
peak values-and relates them to the chromatogram.

1:3,. ~..
•• IlIi41

If you would like more information on the Integrator
and the Model 120C, write for Data FileSB-120-7

BeckrnanE INSTRUMENTS, INC.

SPINCO DIVISION

PAtO AtTO, CAllFORNIA' 9430.­. Circle No. 109 on Readers' Service Carll
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The new F & M Series 402 Dual

Column Biomedical Gas Chro­

matograph, is a second-genera­

tion instrument that almost liter­

ally doubles the usefulness

of its predecessor, the Model

400.• The 402's versatile dual-column design incorporates two independent on-column injection systems that make

possible two additional analytical functions: (1) concurrent analytical runs on two different columns and (2) dual­

column baseline compensation.• The 402's multiple detector design is applied to both columns, thus making possible

the simultaneous use of up to four different detectors. Choice of detectors include dual flame ionization, ion emission,

electron capture and twin flame detectors. A Microcoulometric Detector can also be incorporated in the system

when required.• The 402'8 second column position can accommodate a preparative column and thus permit simul­

t.aneous analyt.ical jpreparative runs. with t.he separat.ed components collected in simple t.raps at.tached t.o the

auxiliary detector posit.ion. • And the 402 retains all of the out.standing design feat.ures of its forerunner: glass

columns, on-column inject.ion. no dead space in chromatographic syst.em, minimum detector "plumbing." • For

complet.e information, call your F & M Technical Representative, or write

for t.he Advance Information Bulletin on t.he Series 402 Biomedical Gas t (ft)

Chromat.ograph. F & M Scientific Corporation, Rout.e 41 & Starr p & ~)
Road, Avondale, Pennsylvania 19311; phone (215) 265-2281. In Europe: .I."...
F & M Scientific Europa N. V., Basisweg. (Slot.erdijkl Amsterdam.

The Net.herlands. In the final analysis, it's F & M
Circle No. 34 on Readers' Service Card
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For descriptive data on CORNING<!) pH electrodes and/or CORNING

pH meters, flll in the coupon and send it to us. Dept. 3908,
Corning Glass Works,11 BlackstoneSt., Cambridge, Mass.02139

o CORNING pH electrodes with Triple-Purpose Glass Membrane

o CORNING Model 12 Research pH Meter

o CORNING Model 10 Expanded-Scale pH Meter

o CORNING Model 7 General-Purpose pH Meter

Name _

Organization _

Department__~__

Address ~ _

City, _

_ Tlfle _

State

You're looking at
3 pH electrodes

You're looking at the unique Triple­
Purpose Glass Membrane that lets one
CORWNG pH electrode do the genera/­
purpose, high-a/~a/ine region, and high­
temperature work that used to require
three electrodes.

This sensing glass measures pH all
the way from 0 to 14, and at tempera­
tures from _5° to + 100°C.

Now the dollar-saving, trouble-saving
versatility of this sensing glass is yours
in five types of CORNING pH electrodes:

6 A • ANALYTICAL CHEMISTRY

• the illustrated 5" dipping electrode
with silver - silver chloride internals
• a new swing-arm 2)1," miniature with
silver- silver chloride internals
• a new 5" dipping electrode with
mercury internals for use with null­
balance meters
• a new swing-arm 2)1," miniature with
mercury internals for use with null­
balance meters
• a new semi micro combination elec·
trade for samples as small as 0.3 ml.

Circle No. 29 OR Reallers' Service Card

All five types are available now from
your Corning Scientific Instruments
dealer.

For better results at a saving, use them
with whatever make meter you now have.

For best results at a saving, use them
with a CORNING pH meter.

CORNING
SCIENTIFIC INSTRUMENTS



"X" OUT

WITH THE NEW ELECTRONIC

Tracerlab's new modular L TA-600* repre­

sents a real improvement in ashing tech­

nique. It takes the work out of elemental

analysis and puts precision in.

With this fine, easy to use analytical tool voli­

tilization and diffusion losses are virtually

eliminated. Tedious wet ashing is a thing of

the past. No chemical additives required.

Eliminates reagent contamination.

Available in single or five sample versions.

Write for complete details.
"Patent pending

~I
TRACERLAB

A DIVISION OF LABORATORY FOR ELECTRONICS, INC.

2030 WRIGHT AVENUE, RICHMOND, CALIFORNIA

Circll MI. II I. Rtillers' Senici Card
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Unidigit TW readout of the 3rd and 4th decimal place shows only one number in each counter

window at a time • enlarged optical scale window for easier weighing-in • new style of num­
bers specially developed for legibility • patented Sensitip TW pan brake qUickly stops pan move­

ment even if the load is off center. patented symmetrical air damping prevents optical scale
drift ;, polished jewel arrestment bearings are virtually friction free and assure excellent repro­

dUcibility • synthetic sapphire knife-edges and planes are free from distorting pressure •

built-in concentric ring weights are made of solid, single piece, non-magnetic, stainless steel
• direct-action weight lifting mechanism requires no complicated remote linkages. wide

optical scale range increases weighing speed. A new 12-page bulletin describes these balances

in detail. Write for your copy to Mettler Instrument Corporation, 20 Nassau St., Princeton, N. J.

New
Digital
Mettler
H Balances
Offer
Unique
Combination
of 15
Features



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

A Stepwise Regression Program for
Cj)uantitative Interpretation of Mass Spectra

Basis of the program is a mathematical method of choosing
from among a library of spectra a suitable small group
of spectra such that the sum of the individual spectra
after multiplying by the proper concentration factors
gives the best least squares fit to the sample spectrum.

D. D. TUNNICLIFF and P. A. WADSWORTH, Shell Development
Co., Emeryville, Calif.

Anal. Chem. 37. 1082 (1965)

Reactor Neutron Activation Analysis by the
Single Comparator Method

The \lse of a single comparator (cobalt) instead of
standards prepared from known weights of the elements to
be determined \yas C\-aillated. Accuracy and precision
were found to be similar to those of the relative method.

FRANCESCO GIRARDI. GIAMPAOLO GUZZI. and JULES
PAULY, Servizio Chimica Nucleare, Centro Comune di Ricerche,
Euratom, Ispra t Varese. Italy

Anal. Chem. 37, 1085 (19651

Determination of Oxalate in Beer by Cerate
Oxidimetry and the Application of
Isotopically-Derived Correction Factor

Oxalic-CH is used to establish the best conditions for the
precipitation of calcium oxalate. A correction factor is ob­
tained to calC'ulate for the unprecipitated oxa!alc. ,rith
the described proccdure, oxalate can be determined with
an accuracy of ±0.5 mg. per liter.

GILBERT H. KOCH, Department of Chemistry, University of
Wisconsin-Milwaukee, Milwau~ee, Wis., and F. M. STRONG
Department of Biochemistry, Uiliversity of Wisconsin, Madison,
Wis.

Anal. Chem. 37. Ion (19651

Spectrophotometric Determination of
Vanadium (Vl with 6-Hydroxy-l,7-Phenanthroline

After deyclopment in aqueous solution conlaining 40?,o
1,2-propanediol, the colored complex is extt"ilded into
benzcne for measurement at 480 m}L. Interferences are
reported.

J. A. DOUGHERTY and M. G. MELLON. Purdue University,
LafayeHe, Ind.

Anal. Chem. 37. 1096 (1965)

+--- Circle No. 56 on Readers' Service Card

Mass Analysis of Subnanogram Cj)uantities of
Iodine

I\-cgati\·e iodine ions are generatcd in the source through
bombardment of an iodine sample with an energetic
positi\"c gas-ion beam. Secondary negatiyc ions arc ac­
celerated, mass analyzed, and detected. The lower limit
of Jeteetion of an iodinc isotope is shown Lo be 10-13 gram.

J. A. McHUGH and J. C. SHEFFIELD. General Eleelric Co..
Schenectady, N. Y.

Anal. Chern. 37. 1099 (1965)

Pulse Polarographic Determination of Nickel
and Vanadium

The proccdure is applied to petroleum slocks containing
0.5 to 50 p.p.m. of either metal. Both metals are deter­
millC'd from one pulse polarogram reducing the time neces­
sary for the analyses.

D. D. GILBERT, California Research Corp., Richmond, Calif.

Anal. Chern. 37. 1102 (1965)

Tracer Techniques in Sulfur Dioxide-Air
Pollution Studies. Apparatus and Studies of
Sulfur Dioxide Colorimetric and
Conductometric Methods

Sulfur dio\:ide tagged with S,.·-· WHi; followed from its
orig:inal pUl'e slate to its mixturc ai hi~h dilution in puri­
fied air, to Lhc sampling medium, and finall.\' to the
ftllantitaiion s{'rj), and was measured b.... proportional tube
rounting and seint.illation solution counting techniques.

PAUL URONE, JAMES B. EVANS. and CLAUDIA M. NOYES.
Department of Chemistry, University of Colorado, Boulder, Colo.

Anal. Chem. 37. 1104 (19651

Accelerated Automatic Chromatographic
Analysis of Amino Acids on a Spherical Resin

Acidic and neutral amino acids are analyzed on a 57- by
O.DO-em. resin ('olumn at a buffer volumetric input of
68 ml.lhour (lincar flolV rate of 106 cm./hour). Basic
amino a('ids are anal.\'zed on a 5.0 by 0.90-cm. resin column
at t he ~nme flow rate. Total analysis time is 4 hours,
5 minutes.

JAMES V. 8ENSON, JR.. and JAMES A. PATTERSON. 8eclman
Instruments, Inc., Palo Alto, Calif.

Anal. Chem. 37. 1108 (1965)
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There's a TRI-CARB® Spectrometer
that meets them !

Model 4322
AulOmatic. Thre(' Chan­
nel. with Eleclronic
Computer and Type­
wri ler Printout

Model 3365
,\utomatic, Three Chan­
nel with Typewriter
Data Output

NEW!

What are your
requirements for
liquid scintillation

counting 1

Model 3211
Aulomalic, Two Chan­
nel with Dala Printer
(Room Temperature)

Shown here are just three of a line of standard model Tri-Carb
Spectrometers, all of which are currently in volume production
and available for early delivery.

To be sure you select the instrument that best suits your needs,
ask your Packard Sales Engineer for complete information on
the most recent developments in liquid scintillation counting
systems. You will find them embodied in Tri-Carb Spectrometers.

A wise decision requires up-to-date information. Call or write us today.

IPackard I PACKARD INSTRUMENT CDMPAN'f, INC.
2200 WARRENVILLE ROAD' DOWNERS GROVE, ILLINOIS 60515

TELEPHONE: 312/969-6000

lOA • ANALYTICAL CHEMISTRY

See Buyers' Guide for all products!sales offices.
Circle No. 59 on Readers' SElYice Card



------------------------------------------------~
Ion Exchange Separation of Americium and
Cerium

Tracer amounte of americium are separated quantitatively
from 30 mg. of cerium using Dowe:x 50\V X12 ion-exchange
resin and ammonium lactate as the eluant.

HAZEL D. PERDUE and HARRY G. HICKS, Lawrence Radiation
L.boratory, University of California, Livermore. C~lif.

Anal. Chern. 37, 1110 (1965)

Determination of Strontium in Environmental
Media Using Neutron Activation

The method simplifies the comparator technique of activa­
tion analysis by mixing a monitor homog:enco\lsly with
the sample. Prior to addition of the monitor (copper)
and irradiation, the strontium is separated from the
sample hy oxalate and nitrate precipitations using the Ca
in the sample as 8. carrier.

PAUL J. MAGNO and FORREST E. KNOWLES, JR., U. S. De­
partment of Health, Education, and Welfare, Northeastern Radio­
logical Health laboratory, Winchester, Mass.

Anal. Chern. 37, 1112 (1965)

Determination of Mixtures of Hydrazine and
Monomethylhydrazine by Reaction with
Salicylaldehyde

The reaction takes place in the presence of an excess of
perchloric acid. The perchloric acid neutralized by the
sample is a direct measure of monomethylh,wlrazine.
The hydrazine content is then determined by difference
from a total base titration.

NICHOLAS M. SERENCHA, J. GORDON HANNA, and ED­
WARD J. KUCHAR, Olin Mathieson Chamical Corp., 275 Win­
chester Ave., New Haven 4, Conn.

Anal. Chern. 37, 1116 (1965)

Separation of Protium and Deuterium Forms
of Carbohydrates by Gas Chromatography

Gas-liquid chromato~raphic columns with efficiencies of
from 40,000 to 60,000 plates are used to completely
separate glucose and glucose-dr and partially separate
other carbohydrates.

RONALD BENTLEY, NRIPENDRA C. SAHA, and CHARLES C.
SWEELEY, Department of Biochemistry and Nutrition, Graduate
School of Public Health, University of Pittsburgh, Pittsburgh, Pa.

Anal. Chern. 37, 1118 (1965)

Use of Binomial Probability Distribution Tables
for Calculation of Withdrawn Series of
Countercurrent Distribution

The relationship between the Pascal and the binomial
distrihution ancl how the binomial probability rlistrihu­
tion tahles can be lISCU for the (·:dculation of the distribu­
tion of solute in a withdrawn series are discussed,

S. B. GHOSH, L. J. SCHAAD, and M. T. BUSH, Vanderbilt Uni·
versity, Nashville, Tenn.

Anal. Chern. 37, 1122 (1965)

Fluorometric Microdetermination of Heme
Protein

As little as 0.01 JJ.g, of heme protein in animal tissue is
determined hy conversion to the fluorescent porphyrin
deri\-ati\'e by incubation 'With oxal.ic acid. The relative
standard deviation is about 20/0.

GEORGE R. MORRISON, Department of Prevent iva Medicine,
Washington University School of Medicine, St. Louis, Mo.

Anal. Chern. 37, 1124 (1965)

Application of Lithium-Drifted Germanium
Gamma-Ray Detectors to Neutron Activation
Analysis. Nondestructive Analysis of Aluminum

Concentrations in p.p.m. of Mn, Sc. Hf, and Cr are de­
termined in !l!l.9!l!l!l0/0 aluminum. The method is com­
pared to other nondestructive analytical methods.

S. G. PRUSSIN, J. A. HARRIS, and J. M. HOLLANDER, Lawrence
Radiation Laboratory, University of California, Berkel.ey, Calif.

Anal. Chern. 37, 1127 (1965)

Application of Anodic Dissolution Technique
to Automated Analysis of Metals.
Determination of Phosphorus in Copper

Rapid anodic dissolution is full." integrated with a color
de\'elopment procedure that has heen time-optimized to
be completed in 1 minute and 50 seconds. Total analysis
time is 3 minutes,

SILVIO BARABAS and SYDNEY G. LEA, Noranda Research
Centre, Pointe Claire, Quebec, Canada

Anal. Chern. 37, 1132 (1965)
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California,
here we come!

It's taken nearly 15 years of sound research, quality analysis
and production by a capable, alert staff of engineers and chemists!
All of these factors make the opening of a West Coast office of
Applied Science laboratories a reality, as of September l!

We believe that West Coasters will be as happy about it as
we are. Now, Applied Science's western customers will get the
same 24 hour service as our customers in other parts of the United
States. It isn't as though we haven't tried before, but no matter
how you look at it, 3000 miles is 3000 miles and that is a
problem to contend with when you're triyng to hustle delivery.

So, we've decided to side-step the whole problem with the
opening of our new office at Unit M, 5140 West 106th Street,
Inglewood, California. Melvin E. Miller, manager of our West Coast
office, will be available to add the personal service and problem·
solving counsel that are part of every order at Applied Science.

Now, more than ever, Applied Science is equipped to meet
your quality and delivery demands. North, South, East or West,
you can depend on Applied Science for gas chromatography and
thin layer chromatography supplies and high purity lipid chemicals.

To be sure that you're always up~to·date on new developments
at Applied Science, write for your free subscription to our bi·
monthly GAS-G-IROM Newsletter. You should ask for our com­
pletely new Catalog # 9, too. Then, you're all set for the best
quality and service.

DEPEND ON APPLIED SCIENCE FOR:

• Gas Chromatography Supplies
• Thin Layer Chromatography

Supplies
• High Purity Lipid Chemicals

Circle No. 19 on Reade"' $en'ice Card
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----------------------------------------------_.~

Solvent Extraction of Metal Ions with
Trifluoroacetylacetone

Cu, Fe, and Al can be effectively extracted from aqueou~

media (acetate-buffered) with chloroform which is O.lOM
with respect to trifluoroacetylacetone. Graphs are given
which show the pH range over which a metal or groups of
metals will be quantitatively extracted from the system.

W. G. SCRIBNER, W. J. TREAT, and J. D. WEIS, Dayton Labo,.·
tory. Monsanto Research Corp., Dayton, Ohio 4'5407, and R. W.
MOSHIER Aerospace Research Laboratories, Wright-Patterson
Air Force Base, Ohio

Anal. Chem. 37, 1136 (19651

Variable Angle Reflection Attachment for the
Ultraviolet. Visible, and Infrared

The attachment can be used to obtain attenuated total
reflection spectra, to obtain indices of refraction by mea·
surements of reflectivity at angles less than the critical
angle or by the critical angle method itself.

WILFORD N. HANSEN, North American Aviation Science Center,
Thousand Oaks, Cal;!. 91360

Anal. Chem. 37, 1142 (1965)

Radio Release Determination of Dichromate
Ion in Natural Waters

The method is based on reacting the al"idified sample ,,·ith
rarlioacti,·e silver. Limit of sensitivity is 10 !,g. of Cr(VI)
per liter.

HAROLD G. RICHTER and ARTHUR S. GILLESPIE, JR., The
Research Triangle Institute, Durham, N. C.

Anal. Chem. 37, 1146 (1965)

Solvent Extraction Studies with a Hydrochloric
Acid-Z·Ethylhexanol System

The distribution of 45 elements between 83% 2-ethyl­
hexanol-17% petroleum ether and hydrochloric acid solu­
tions are reported. A number of applications of the
system are given.

K. A. ORLANDINI, M. A. WAHLGREN, and J. BARCLAY,
Argonne National Laboratory, Argonne, III.

Anal. Chem. 37, 1148 (1965)

Gas Chromatographic Separation of Oxides of
Nitrogen

Three columns, one of subambient temperature, are used
to determine H" 0" N" NO, CO, N,O, CO" C,H., G.,H"
C,H" and NO,(N,O.). A schematic of the instrument is
presented.

J. M. TROWELL, Hercules Powder Co., P. O. Box 9B, Magna, Utah

Anal. Chem. 37, 1152 (1965)

I
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Spectrophotometric Determination of Gold with
Azide

The method is based on measuring the absorbance of
tetraazido-gold(III) at 325 m!' in water, for gold alone,
or at 330 m!' in an n-butyl alcohol extract. Variables and
foreign ions were studied.

RAY G. CLEM and E. H. HUFFMAN, Lawrence RadiaHon Labora·
tory, University of California, Berkeley, Calif.

Anal. Chem. 37, 1155 (1965)

Correspondence

Liquid-Liquid Extraction of Zirconium (IV) with
Mesityl Oxide

S. M. KHOPKAR and S. C. DHARA, Department of Chemistry,

Indian Institute of Technology, Bombay 76, India

Anal. Chem. 37, 1158 (1965)

Modification of Flask Method of Sulfur
Determination. Determination of Sulfates with
Sulfonazo III

BRETISLAV BUDESINSKY. Department of Analytieal Chemistry,
Nuclear Research Institute, Czechoslovak Academy of Sciences,
Rzhezh near Prague, Czechoslovakia

Anal. Chem. 37, 1159 (1965)

Gas Chromatographic Analysis of Aromatic
Hydrocarbons with Modified Bentonite Columns.
Effect of Bentone 34 Concentration on
Performance of Packed Columns

EDWARD W. CIEPLINSKI, Perkin·Elmer Corp., Norwalk, Conn.

Anal. Chem. 37, 1160 (1965)

Preparation of High Purity Acetonitrile

JERRY F. O'DONNELL, JAMES T. AYRES, and CHARLES K.
MANN, Department of Chemistry, Florida State University, Talla­
hassee, Fla. 32306

Anal. Chem. 37, 1161 (1965)

Aqueous Sodium Borohydride Chemistry. The
Coinage Metals. Copper, Silver. and Gold

l. F. HOHNSTEDT, B. o. MINIATAS, and SISTER M. CONCETTA
WALLER, Department of Chemistry, Saint Louis University, Saint
Louis 19, Mo.

Anal. Chem. 37, 1163 (1965)
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This is not our A-GO NMR spectrometer

This is our more sensitive, stable, reliable NEW A-GOA
It looks a lot like the A-60, but only until you turn it on. Then you find out about the
sensitivity ... 12 to 1. In fact, you may find the A-60A's high sensitivity and stability
now makes NMR practical for your applications.

Send for our new A·60A brochure. It tells all about the improved recorder, slower
sweeps, smaller sample concentrations, and shorter warm-up periods. It also explains
why the A-60A is insensitive to its magnetic and temperature environment.

Two more things you'll like: The A-60A is so stable that resolution will hold day
after day without retuning; and you don't have to double-check single scans. The A-60A
gives you stability never before available in a routine NMR system. When you get right
down to it, the price is just about the only thing that hasn't changed.

eVAR IAN ANALYTICAL INSTRUMENT DIVISION
ASSOCIATES PALO ALTO 4, CAL.· ZUG, SWITZERLAND
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-----------------------------------------------~
Addendum. Simultaneous Use of Beta-Particle
Transmission and Backscatter Gauges for
Determining Hydrogen, Carbon, and Oxygen
Percentages in Liquids

R. P. GARDNER, and J. W. DUNN III, Measurement and Controls
laboratory, Research Triangle Institute, Durham, N. C.

Anal. Chem. 37, 1164 (1965)

A Three-Column, Two-Detector Gas
Chromatographic Method for the Simultaneous
Analysis of a Mixture of Fixed Gases and
Hydrocarbons

J. O. TERRY, and J. H. FUTRELL, Chemistry Research Laboratory,
.Aerospace Research Laboratories, Wright.Patterson Air Force
'Base, Ohio

Anal. Chem. 37, 1165 (1965)

Purification of Hexamethylbenzene by Zone
-Refining and Determination of Its Melting Point

J. E. OVERBERGER and J. G. ASTON, Department of Chemistry,
The Pennsylvania State University, University Park, Pa.

Anal. Chem. 37, 1167 (1965)

Factors Affecting the Selection of a Cobalt
Analysis Line for Atomic Absorption
Spectrometry

W. W. HARRISON, Department of Chemistry, University of
Virginia, Charlottesville, Va.

Anal. Chem. 37, 1168 (1965)

Potentiometric tj)uantitative Determination of
Sodium Aminoethylthiosulfates and
Aminoethylthiosulfuric Acids

JOHN C. MACDONALD, Boston Laboratory, Monsento Research
Corp., Everett, Ma". 02149

Anal. Chem. 37, 1170 (1965)

Amperometric Titration of Primary Amides

WILLIAM R. POST, and CHARLES A. REYNOLDS, Department of
Chemistry, University of Kansas, Lawrence, Kan.

!

I
r
I
I
I

I
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Determination of Absorbed Ethylene and
Propylene Oxides by Distillation and Titration

DON A. GUNTHER, Dept. of Research, American Sterilizer Co.,
Erie, Pa.

Anal. Chem. 37, 1172 (1965)

Aids For the Analytical Chemist

New Method for Determination of Hydrocarbon­
in-Water Solubilities

EDWARD J. FARKAS, Department of Chemical Engineering.
Massachusetts Institute of Technology, Cambridge, Mass.

Anal. Chem. 37, 1173 (1965)

Preparation and Use of Lead-212 Tracer

CLAUDE W. SILL, and CONRAD P. WILLIS, Health and Safety
Division, U. S. Atomic Energy Commission, Idaho Falls, Idaho
83401

Anal. Chem. 37, 1176 (1965)

Zone Refiner with Temperature Control

FRED ORDWAY National Bureau of Standards, Washington 25,
D. C.

Anal. Chem. 37, 1178 (1965)

High Precision Conductivity Bridge

ROBERT L. WERSHAW and MARVIN C. GOLDBERG, U. S.
Geological Survey, Denver, Colo. 80225

Anal. Chem. 37, 1180 (1965)

A Time Base Generator with Digital Readout of
Nuclear Magnetic Resonance Line Positions

J. M. PURCELL and J. A. CONNELLY, Eastern Utilization Re.
search and Development Division, U. S. Department of Agriculture,
Philadelphia, Pa. 19118

Anal. Chem. 37,1181 (1965)

Combining Gas Chromatography with Nuclear
Magnetic Resonance Spectrometry

E. G. BRAME, JR., Manufacturing Division, Plastics Department.
E. I. du Pont de Nemours & Co., Wilmington, Del. 19898

,
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Dept. T, l5lC4 Rock Street, Rockford, Illinois, U.S.A.
BARBER-COLMAN of CANADA, Ltd., Dept. T, Toronto & Montreal. Overseas Sales Mgrs.: Ad. Auriema, Inc., N.Y.II,'", ,

I '

Series 5000 Selecta-System for complete
Gas Chromatography and Radioactivity analysis.

BARBER-COLMAN

Barber-Colman Model 5190 Radioactiv­
ity Monitoring System and Series 5000
Selecta-System provide the ultimate in
continuous radioactivity monitoring for
either HC or 3H labelled materials.
Model 5190 includes a combustion fur­
nace, proportional counter and rate­
meter.

In operation, the G IC column effluent is
split with part of the sample going to
the mass detector and the rest to the
R.A.M. system. The sample is immedi­
ately burned to CO2 and H 20. The H 20
is then reduced to H 2 • The radioactive
CO2 and H 2 are counted at ambient
temperature.

Series 5000 Selecta-System with all­
glass columns and direct on-column
injection is the basic G /C unit used
with the R.A.M. system. Series 5000
instruments are the product of Barber­
Colman's many years of experience in
the biomedical field and were designed
specifically for biomedical applications.

Features for
Radioactivity Monitoring:

• Minimum noise level assured by
ambient temperature operation of
counter

• Detects as little as 0.1 nanocurie of
I·C and 0.5 nanocurie of 3H

• Reliable combustion-reduction system

• Ratemeter resolving time - 3 micro­
seconds

• Background noise - 40 CPM

• Ratemeter included

Features for
Selecta-System:

• Flame or Argon Ionization Detectors

• V-shaped Column Bath

• On-Column Injection into All-Glass
System

• Versatility - other low cost modules
for operation in other modes

Additional data will be supplied on request
to any of the nearby 50 Branch Sales '"
Service Offices or Rockford - see

COMPANY

See Buyers' Guide for all products/sales offices.
Circle No. 20 on Readers Service Card
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Family traits:
reproducibility,
sensitivity,
reliability.

One of Nuclear-Chicago's new family of
B10SPANT>I Planchet Counting Systems can deliver
the answer to your counting problems. For example,
with the gas flow detector in each system, you can
get, in many cases, improved E'/B for samples that
quench highly in liquid scintillation systems.

That these neW planchet counting systems do
their job so well is the result of a number of operat­
ing innovations. For reproducible results, the new
gas flow detector is uniformly sensitive up to the
edge of the window. During windowless operation,
the detector is automatically flushed by the gas for
a predetermined period before counting starts and
is protected by an electrostatic dust shield. The de­
tector has low background (12-15 cpm in the stand­
ard systems) and easily replaceable windows.

Then too, the sample changer is all solid-state
with no electromechanical relays and offers a wide
variety of sample-changing programs. The powerful,
reliable changer handles up to 150 samples.

You have a total of nine systems to choose from­
for normal or low-background counting, for 1% or
2-inch diameter planchets. All with a wide selcction
of data readout options.

Consult your Nuclear-Chicago sales engineer for
full details or write directly to us.

SHO\\";-.1 .\T RIGHT (TOP TO I.lon O~f):

t\fodel 434U. I r::-inch Standard 51's/elJl lI"itJr prim-oll! of
.w/mph> I/Ulllher amI rime. .

l\1odel 4342. 1;~-i1lC.:h LOl\"·Back;:rowu! 5y.('('111 Idlh prim­
Vllf nf \(/lIIpl" Humber, time, and COWl!.

Alode! 4330. '!-illch Standard Sy.\/em wilh prim-ou! oj
jlllll;J!{' Il/lIuher. lime. ant! COlm/.

A/mle/ -1331). 1-jllcll Low·8oc:kgro//lul S,I.I{em wah Prill/-Oil!
vj .\OIIII,le /lllmher, lllllC, COil/if.\. ("{JlJI, (///(1 .\caler }"mio.

~
NUCLEAR-CHICAGO
351 Howard, Des Plaines, III. 60018 U.S.A.

In Europe: Donker Curtiusstraat 7
Amsterdam W, The Netherlands

Family name:
Nuclear-Chicago
Planchet Counting
Systems.

See Buyers' Guide for all products/sales offices.
Circle No. 57 on Readers' Service Card
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Start with the Du Pont 900 Differ­
ential Thermal Analyzer. This com­
pact instrument weighs only 48
pounds and it's ready to provide
thermal analysis data from the mo­
ment you receive it.

Then, when you want to measure
other properties of materials as a
function of temperature, merely
plug in the appropriate Du Pont
module. For example, plug in the
950 module for TGA to 1200°C ... or
the Calorimeter Cell for heats of
transition and specific heat. Or plug
in any of the other modules (many
available now-others on the way).

The Du Pont 900 system grows
with your needs! For information,
write E. 1. du Pont de Nemours &
Co .. Instrument Products Div.,
Rm. 2654P, Wilmington, Del. 19898.

With the Du Pont 900 DTA
it's this easy to make
other thermal analyses.

Just plug in
the appropriate
module!



TEAR UP YOUR IDEAS
ABOUT COMPUTING IT I

READ CONCENTRATION DIRECTLY WITH THE DCR-2
You don't need a computer or a specially prepared program. Read concentration, absorbance or
transmittance directly in numbers with a DCR-2 Digital Concentration Readout. It's far less costly
and much more convenient since it eliminates the need for a computer or even a desk calculator.

The DCR-2 coupled with the Hitachi Perkin-Elmer Model 139 or other UV spectrophotometer gives
you fast, precise readings. Obtain results in as little as two seconds with a reproducibility as high
as ±O.1%. For even higher precision, the DCR automatically averages up to 16 readings of the
same sample. A standard 8421 BCD output makes direct printout possible. For details write to:
Perkin-Elmer Corporation, Electronic Products Division, 702 Main Avenue, Norwalk, Connecticut.

PERKIN-ELMER
Circle No. 11 an Readers' Service Card
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Our coatings are thin. Our facilities are not.
As the nation's largest producer ot vacuum-deposited op­
tical coatings. OCLI offers the Optical Engineer total capa­
bility for the design. development and production of single
and multilayer thin films.

Embracing more than 50.000 square feet of floor space.
the OCLI complex is departmentalized into a broad range
of specialized activities. These include Research and
Development, Production. Industrial Engineering. Quality
Control, Optical Shop, Electronics. Machine Shops, Mar­
keting and Administration. Research and Development
alone occupies 10 percent of the total floor space. Equip­
ment and facilities are among the most modern and highly
developed in vacuum technology. To meet our unique pro­
duction requirements, many vacuum chambers have been

designed by OCLI engineers for their exclusive needs.
OCLI vacuum chambers range in diameter from 18" to 84 .
They have a total capacity to deposit one-quarter million
square inches per day of the most advanced state-of-the
art coatings for the precise control of ultraviolet. visible
and infrared energy. A specially programmed solid state
computer is utilized to develop new filter designs and to
evaluate production techniques. The consistently high
quality of OCLI products is a result of combining highly
skilled, specially trained engineers and the most up-to-date
production and testing equipment available.

Whether you require one unit or one million units. OCLI
will meet your most exacting specifications. For more in­
formation, write OCLI.

Advanced products from OeLI that span the spectrum / ULTRAVIOLET: DichroIc Filters. High Rellectors. Narrow Bandpass Fitters
VISIBLE: Color Separation Fillers. Neutral DenSity Filters. H. E. A - Mullla~ er Antl{eflecllon Coatings. Front Surface Mirrors. Transparent MHfors.
High Reflectors. Light He~l Separation Fillers. Bandpass Fillers. Gcamsplltters. INFRARED: Square Band Filters, Long and Short Wave Pass Filters.
Wide Bandpass Filters Anlltcllectlon Coatings SPECIAL INFRARED PRODUCTS: Mulhcolor Reticles. Circular Variable FIlters. Dual Band Filters.
OTHER PRODUCTS: Laser OptiCS and Laser Coatings Thermal Control Coatings. Transparent Conductive Coati'gs. OptiCS.

- OPTICAL COATING LABORATORY, INC.
2739 GIFFEN AVENUE· SANTA ROSA. CALIFORNIA· TELETYPE 707-546-4959 • TELEPHONE 707-545-6440

Circle No.3 on Readers' Service Card



EXPANSION
x 2 )( 4

this one knob
may justify the entire
cost of this new TMC

Gammascope n®

Digital scale expansion provides resolution
equivalent to that of an BOO-channel analyzer
in any selected region of a spectrum.

It isn't easy to put a price tag on just one function
of an instIument. But if you've ever wanted to conduct
a particular experiment and found that the equipment
you own doesn't have that capability, you know what
we're driving at. That's why TMC crams so much ver­
satility into every piece of equipment it produces. We
want to cover your present needs, plus the inevitable
expansion.

Take TMC's new Gammascope II, for instance. The
basic concept of the original Gammascope ... that of
a low-cost, self-contained, 100-channel pulse height
analyzer. . has been retained. But into the compact
new Gammascope II has gone new output circuitry to

provide you with readout on virtually every type of
analog and digital equipment. . new input circuitry
for multiscaling capability and analog sampling.
and, of course, the digital scale expansion knob shown
above. But still that's only part of the story.

Coincidence and anti-coincidence capabilities, a de­
penden t or independent single-channel analyzer and
a linear CRT display (live or staticj are all built-in
features. Front panel threshold, upper lever, baseline
and gain controls are also included. Count up all the
knobs on a Gammascope II, and the capability they
represent, and we know you'll be convinced that it's
one of the. soundest instrument investments you can
make today. For complete details, contact the nearest
TMC office, or write: Nuclear Division, Technical
Measurement Corporation, 441 Washington Avenue,
North Haven, Connecticut.

raTECHNICAL
MEASUREMENT
CORPORATION

Circle No. 166 on Readers' Service Cilrd
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Success is originality that didn't stop therel

Ace Mini-Lab
Introduced in 1950, it is the most complete,

best designed line of miniature glasswarel

The moment you start working with a
simple flask or one of our popular assem­
blies, a few of which are shown here, you
will notice that Ace Mini-Lab not only
takes up less space, results in considerable
savings in reagent chemicals, but that the
good design makes Ace Mini-Lab a plea-

- sure to work with.

Ace Mini-Lab is the first especially designed line of
miniature glassware. No simple reduction was employed:
Our chemists and designers subjected each piece of glass­
ware to practical experimentation until Mini-Lab per­
formed with ease and efficiency. The popularity of Ace
Mini-Lab attests to the success of their endeavors: Mini­
Lab has been enthusiastically accepted in laboratories, in
schools, everywhere.

Ace Mini-Lab is the most complete line of miniature
glassware. It can function as your complete laboratory. New
items are constantly being added. 27 recent additions are
featured in the Ace Mini-Lab brochure.

Ace Mini-Lab is versatile, comes in ! 14/20, ! 19/22,
and j 18/9 joints; a full line of components permits end­
less variations. The excellent original design and versatility
will make Ace Mini-Lab the most satisfactory miniature
glass\\-are you have ever worked with. To check our com­
plete selection, see your Ace Catalog 64 or send for Mini­
Lab brochure.

0.'- ACE GLASS INCORPORATED

~ Vineland ,New Jersey

LOUISVILLE, Ky. SPRINGFiElD, MASS.

Circle No. 102 on Readers' Senice Card
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60- Bismuth Phase

courtesy
Or. S. H. Moll
AMR Corp.
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Bismuth distribution in Cu-Bi aHoy.

Measurement of Elements

from Uranium to Boron

Spectrographic and Structure Analysis to One Micron

The electron probe microanalyzer is
recognized today as an investigative
tool matching the importance of opti­
cal and electron microscopes.

As a result of its ability to provide
point-to-point analysis of a sample
volume as small as one micron, the
Norelco Electron Probe Microanalyzer
has been useful in solving problems
concerned with both bulk and surface
chemistry. In investigations involving
micro-inclusions, meteoritic com­
position, micro-geology, thin films,
corrosions, diffusions and grai n
boundaries, the Norelco Microprobe
can be of inestimable value.

Recent advancements in Philips'
instrumentation and newsample prep­
aration techniques permit ever-widen­
ing areas of application. Electron
beam scanning allows two-dimen­
sional mapping in terms of specific
chemistry or surface potentials.
Micro-diffraction and Kossel tech­
niques provide accurate information
concerning lattice parameters.

As a breakthrough, practical detec­
tion of all elements down to Boron
can now be established on a routine
basis. This product development will
enable the analytical chemist, metal­
lurgist or research scientist to solve
many significant problems.

NORELCO ACCESSORIES
Multiple Goniometers • Beamscanner

Multiple Specimen Stage
Geological Specimen Stage

I<ossel Camera· TV Scanning
Programmed Goniometer

Transmission/Polarized Illuminator
Step Scanning Stage

Automatic Data Scanning

24 A • ANALYTlCAl CHEMISTRY

World's Highest Standards in Quality Instrumentation

PHILIPS
ELECTRONIC

INSTRUMENTS

Division of Philips Electronics and Pharmaceutical Industries Corp.
750 South Fulton Avenue. Mount Vernon, New York 10550

See Buyers' Guide for all Ilroducts/sales offices.
Circle No. 178 on Readers' Service Card



It reads 673.2 mv. You know it's correct! No combination is more accurate
for sodium ion or monovalent
cation measurements than
Beckman Specific Ion Electrodes
and the unsurpassed
Beckman Research pH Meter.

Ask your local Beckman Sales Engineer,
or write for Data File LpH-465.

Beckman' INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS
INSTRUMENTS DIVISION
fUtlERTON, CALIfORNIA· 92634

tNfERNAllONAL sues,oIARIES: GENEVA, SWITZERLAND; MUNICH. GERM,lNY;

uLENROTHES. SCOTLAND; PAlllS, F'l"'NCE; TOKYO, JAPAN; CAPETOWN, SOUTH AFRIC"

Circle No. 181 on Readers' Service Card



A complete complement of accessories designed exclusively
for the MSIO is available, including vacuum systems, sam·
pling systems and ion gauges)

Our booklet "Questions and Answers on the MS10" will tell you

all about this remarkable instrument. Gladly sent on request.

theneVV

@:>MS10
MASS SPECTROMETER

is now even
more versatile

The new model MS10, grown in capability but not in size or

cost, is even more versatile than its predecessor. Technical

improvements (listed opposite) endow it with the ability to han­

dle an even wider range of spectrometric chores, often to the
extent of freeing its larger, more elaborate counterparts for

the more sophisticated assignments.

So much so, in fact, that many laboratories already possess­

ing a iarge mass spectrometer will want to acqUire one in the

"second car" philosophy. Pair an ion pump with it, mount on

a cart and you've got a mobile mass spectrometer you can
wheel into action anywhere.

Which is not to say that the new MS10 doesn't qualify as a

first line mass spectrometer in any man's laboratory, as a

glance at these improved specifications will attest:

Mass Range

Resolution

Sensitivity

Detection Limit

Scan Speeds

people like these
will welcome its
elevated capability •••,

ANALYTICAL CHEMISTS making high·accuracy
gas analyses wlth small samples ~

BIOLOGISTS, BOTANISTS, BIOCHEMISTS using
stable isoto:pes (02 , Nl', 018 ) as tracers

CNEMICAL ENGINEERS needing purity
determinations, process monitoring

COMBUSTION ENGINEERS investigating flame
structure, combustion products, precipitation

. ELECTRICA.L ENGINEERS concitiied with
device encapsulation, v urn tube
and lamp studies, insu~ ticn

;.
GEOLOGISTS ANO MINERO(OGISTS, for

~~~a~~i~~I~~on ~.e determination
';

LECTURERS AND TEACHERS of electronies,
electron physics, measurements, and
all subjectS in which mass spectrometry
is.a current or future technique

METALLURGISTS wanting p.p.m. level
gas·in-metal analysis

PHYSICAL CHEMISTS AND PHYSICISTS
studying reaction rates, irradiation
products, bond energies

VACUUM ENGINEERS AND TECHNOLOGISTS
for monitoring, leak detection,
partial pressure analysis

2 to 200
100 00% valley definition)

5 x 10.12 torr

10 parts per million

3.5 or 13 minutes per spectrum

The MS lOis a 1BO' magnetic deflection type instrument for high sensitivity dial-indicated
analyses of gases or vapors. It is compact and portable. It will monitor a single peak or scan
spectra manually or automatically scan m/e 12-45 or 36-200 repeatable without attention ad info
It will run off any existing vacuum system. It has an output for recording spectra on any 10 MV
recorder. It is so easy to operate that a student can quickly learn how; and so rugged that it
thrives on inexpert handling.

theCAE!) MS10 MA~~dU~0~~O~a!~~}~~~~!~!Ln9Iand
is marketed and serviced in the U,S,A. by

Circle No. 13 on Readers' Sflrvice Card
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Electronic Analytical Data Processing
by William A. A. Karau, Thomas B. Patterson, and Francis J. Balint

Gulf Research and Development Company, Harmarville, Pa.

Computer Techniques Make Possible the Handling of Large Volumes of

Analytical Data and the Preparation of Management Control Reports

THE INTERACTION between man
and machines has become in­

creasingly commonplace in today's
scientific and business community.
Recent progress in this area was
reported at the University of Pitts­
burgh's Knowledge Availability
Systems Center, Electronic Infor­
mation Handling Conference, held
in October of 1964 (4). Speakers
repeatedly emphasized tbe gigantic
scope of the work to be done.
Efforts to improve theory and ap­
plications have continued aggres­
sively in organizations all over the
country, from "sketch pad" re­
search by Sutherland at l\1.I.T. (6)
to computer-aided sociological re­
search by Drs. Sydney and Beatrice
Rome in California (5).

The use of computers in the lab­
oratory has been reported for
specific calculations such as chro­
matographic and spectrochemical
analyses (1), and some of the prob­
lems of conversion of laboratory
data to acceptable computer input
have been discussed by Tompkins
(7). The applications discussed
here revolve about the reporting of
data after results are known.

In a large lahorator~', compilation
and reporting are a burden. A task
group at Gulf Research and De­
velopment Company has provided a
reporting system to meet the follow­
ing requirements:

• Speed-Continuous input
and output, with a minimum
of time in the system

• Accuraey-~Iinimization of
transcription errors

• Simplicity-For both tech­
nicians reporting data and
personnel requesting work
done

William A. A. Karau, above, is a chemi·
cal engineering graduate of the Uni·
versity of Delaware, and is engaged in
digitizing output and computer applica·
tions with Gulf R&D

Thomas B. Patterson, above right, is a
mathematics graduate of California
State College in California, Pa. He is
currently a liaison programmer in the
Computational Analysis Section of Gulf
R&D

Francis J. Balint, at right, holds a mas­
ter's degree in mathematics from the
University of Pittsburgh, He is cur,
rently employed by Gulf R&D as a
senior projects engineer responsible for
computer systems programming and
operations

• Control-Pro\'ides backlog
data, sample and test infor­
mation pertaining to tests,
analysis, and samples

• Economy-Reduces time
spent on administrati\'e
functions and clerical details

• Versatility--The system is
capable of expansion and

modification to meet the
needs of a gro\\-ing organiza­
tion and an increasing work­
load

All of these requirements are be­
ing handled in varying degrees, and
efforts are continuing toward ful­
filling all of the requirements.

Figure 1 shows samples in the
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Figure 1

As samples for analysis are received
they are tagged for identification and
further processing, as shown in Figure
1 above

Figure 2, above right, shows key·
punch operators punching sample in·
formation from the cover sheet onto
cards

Master test cards, as shown in Figure
3 at right, are sent to the analyst
along with the appropriate samples

Figure 3

Figure 2

process of being recei\'ed and num­
bered. A numbered two-part tag
is attached to each sample, and the
cover sheet is sent to the keypunch
area. The sample and pre­
punched number cards are sent to
the testing area in a concurrent flow.
The prepunched cards are used by
each analyst for transmissions and
record keeping purposes. The pre­
punched sample number eliminates
the human errors possible by "key­
ing information at transmission
time."

By disconnecting the testing and
keypunching operations, each can
flow at its own rate. In addition,
computer runs may be made inde­
pendently of the sequence of infor­
mation from these operations.

The keypunch operators (see Fig-

28 A • ANALYTICAL CHEMISTRY

ure 2) punch sample detail informa­
tion from the cover sheet into cards,
"'hich are sent to the computer cen­
ter via an IB~1 066 transceiver cir­
cuit.

:'I1eaIl\\'hile, an analyst has re­
cei\'ed the sample for testing. He
has a master test card (Figure 3)
for each test which contains a test
number, an English text descrip­
tion, his name, his employee num­
bcr, and a card-type code.

Using the IB~1 1001 via a tele­
phone circuit, the analyst transmits
the test information (~/Iaster Card)
as shO\m in Figurc 4. Then,
sample numbers and corresponding
test answers are sent for each
analysis that he has completed.
This information for each sample is
received in a single punched card

at the electronic computer center.
At periodic intervals the data

which are collected at the computer
center are assembled and are used
as computer input, as demonstrated
in Figure 5. E"ery sample receiv­
ing new information is updated in
a magnetic tape file, and this infor­
mation can be produced automati­
cally. For new samples, a receipt is
printed; for new answers, a sponsor
card is punchcd; for completer!
samples, a report is printed.

In Figure 6 each of these items j"

depicted: (l) The receipt showF
the pertinent descriptive informa­
tion and the list of tests to be per­
formed. (2) Sponsor cards are
issued for each answer, and contain
sample and test identification in
addition to the answer. The holr!-



Figure 4

Figure 5

The analyst sends pertinent data via a tele·
phone circuit, indicated in Figure 4 at above
left

At periodic intervals the data collected at
the computer center is assembled and used
as computer input, as shown in the photo
above (Figure 5)

The sample receipt, sponsor card, and fin·
ished report are shown in Figure 6 at left

Figure 6

ing up of data on partially finished
reports is not permitted by this
technique. The cards also serve as
input to other computer programs.
(3) The finished report contains all
the data on the receipt plus the
completed analysis of the sample.

CONTROL REPORTS
The system just described con­

sists of sorting, collating, updating,
and compiling operations. The de­
velopment and cost of the com­
puterized system were justified by
the large volume involved. How­
ever, the real advantage of the sys­
tem is the digestion of this volume
of data into control reports. The
control information is contained in
backlogs, tests, and project, sample,
and quality control summaries.

Backlogs

The keypunched heading infor­
mation contains each sample's list
of test requirements as well as
identification data. A backlog scan
for incomplete tests is made daily.
There are three reports compiled
showing the workload in cl1l"ono­
logical order: (1) An overall re­
port shows the entire laboratory
workload. (2) Section supervisor
reports have each section workload
listed separately. (3) Area reports
list the wOI'kload of small areas in­
dependently.

These three reports are useful in
several ways. The chronological
ordering allows work-age restric­
tions to be enforced, and charts pre­
pared from this statistic are used to

detect bottlenecks. Section super­
"isors can use these reports to deter­
mine the nature of the workload and
to rearrange personnel and test allo­
cations.

These backlogs also act as an im­
personal control system, exerting
continuous restraint on the per­
formance of analysts in the labora­
tory. Supervisors have increased
responsibilities for helping their
people, and pressure for greater out­
put becomes a less important fac­
tor. This has the effect of improv­
ing relations between supervisors
and workers (2).

Test Summary

The test summary monthly re­
port summarizes the number and
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Figure 7. Flow diagram for handling analytical data by electronic computer methods

identity of the tests performed in a
given labol'Utory arca, and empha­
siZl's changes in trcnds of test re­
quirements. Elapscd time between
requests fOl' a tcst determines obso­
lescence. Again, reassignment of
space, tests, and personnel can be
made on a logical basis.

Sample and Project Summary

The monthly sample summary
report tabulatcs the quantity and
source of samplcs by the charge
numbers of the submitting organiza­
tion. A measure of the \\ork per­
formed can bc made using a labor
index, and each of 2000 tests is as­
signed a standard \\ork index. .-\
compilation of indices yields "'ork
measuremcnts for each project.

The incoming sample tallies can
be compared with the labor indcx
to determine the actiyity of a proj­
ect. Total charges against earh
pro.iect are additional bascs for
budget requircmcnts. Charting the
monthly chargc figures proyides a
graphical pirturc of \york move­
mcnt and points up items requiring
control action.
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Analyst Summary and
Check-Test Report

The production of the indiyidual
is measurcd bv the analyst sum­
mary and check-test report. Using
the labor index, the output of cach
analyst is mcasurcd in tenns of
thcse standard indicators. Because
rcfinemcnt of thc svstem is a con­
tinuing effort, th'ese theorctical
labor indices are uscd rather than a
"productiye standard hour" ad\'o­
catcd by Eilon (3). The summarv
pro\'ides a concise listing of each
analyst's production in terms of
stets and equiyalent labor index.

The t\\O auxilial"y reports pro\'idc
condcnsations of check data. which
arc obtained for the folJowing rea­
sons: The sample originator rc­
fJuested duplicate dcterminations, a
reyie\\' of compiled data ma~' indi­
cate the need to Yerify celiain
yalnes, or an analyst may disroycr
technical reasons for rerunning an
analysis. One summary of this in­
formation is in terms of the analvst,
and one is in tcrms of the tcst, so
the necds for refresher trainin!! nnd
analytical problems are highlighted.

THE FUTURE

The chief aim of the task group
is to take advantage of all com­
puter capabilities, so current efforts
are directed to more complex refine­
ment. Routine calculations and
comparisons of data with standards
are done automatically. For in­
stance, a crude oil report contains
an analysis of the basic crude plm
an analysis of each of several cuts
distilled floll1 the crude. Routine
material balances can be used to
Yerify the individual cut analysis.
Other checking operations may in­
clude comparison with standard re­
ports, product specifications, and
test reliability.

I mproyements in hardware will
not be neglected. Installation of a
remote input-output computer sta­
tion is being studied. Since manu­
facturers are producing faster and
more yersatile machinery, every
announcement holds promise of im­
proyed service.

The researchers take e,'ery op·
portunity to update the equipment
and mcthods used in an effort to
streamline the system.



Circle HI. 146 on Ruders' Service Card

Illustrated: Model 1650

1050 COMMERCE AVENUE UNION, NEW JERSEY
Dept. HA

CORPORATION

FOR COMPLETE DETAILS WRITE:

SCALEOHAUS

CHOOSE ONE~ OF FOUR CONVENIENT PLATFORMS

SEE US AT BOOTH 707, NATIONAL CHEMICAL EXPOSITION
A TLANTIC CITY CONVENTION HALL, SEPTEMBER 13-17

DIAL-I-GRAM

Now Ohaus engineering brings you an entire new world of operational ease and
speed with the all new Dial-O-Gram 1600 ... the first and only low-form single-pan
dial balance ever offered.

Readings to 100 gram are direct to the nearest 0.1 gram on the smooth-acting
dial. Above 100 gram readings are accomplished through the combined use of a
poise and a revolutionary new method of weight loading ... "Touch-N·Weigh."

Concealed magnetic damping assures fast, friction·free operation.
The undivided tare beam has a patented tare poise for fine adjustment.
To insure strength and rigidity the beam is constructed of high-strength, die cast

aluminum with ends cross braced.
Like all fine balances. the Dial·O·Gram employs precision sharpened knives and

agate bearings.
The rugged die cast base is handsomely finished in corrosion· resistant epoxy.

NEVER BEFORE .... A BALANCE
WITH SO MANY FINE TIME-SAVING
FEATURES AT YOUR FINGERTIPS

FOR VOURI2U~t-Weq;iifet:/
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Du Pont Reagents assure you of optimum quality and uniformity while also ful·
filling your needs for deoendable service, safety and convenience in handling.

You Can Depend on Du Pont Reagents for

QUALITY

(I) ANAL. CHEM. 35 (6), lOlA (1963).
(2) Blau, P. M., Scott, W. R., "Formal

Organizations/' pp. 177-8, Chandler
Publishing Co., San Francisco, 1962.

(3) Eilon, S., "Elements of Production
Planning and Control," p. 562, Mac­
millan, New York, 1962.

(4) Eleetronic Information Handling
Conference, Sponsored by the Univer­
sity of Pittsburgh, Western Michigan
University, and Goodyear Aerospace
Corp.. Pittsburgh, Pa., O,·tober 7-9,
1964.

(5) Rome, S., Rome, B., Electronic In­
formation Handling Conf., Pittsburgh,
Pa., October 7-9, 1964.

(6) Sutherland,!. E., Technical Report
296, Lincoln Laboratory, 1'v!.I.T., Jan­
uary 30, 1963.

(7) Tompkins, H. E., Am. J. Public
H eafth 53, 1953 (1963).

REPORT
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Figure J shows the overall pIa
which has been developed. I
should be noted that keypunching
of sample information and trans­
mission of test data are independ­
ent, both in terms of time and se­
quence of completion. This is a
major contributing factor to the
overall speed and efficiency of oper­
ation.

The sY8tem described accepts a
large volume of varied data input
on a continuous basis. It sorts,
collates, checks, and reports the
data without transcription errors.
Computer output is used to control
and analyze the day to day opera­
tion of the laboratory. In addition,
quality and quantity of production
are under constant and impartial
scrutiny. The intrinsic character of
the workload, the sources and quan­
tities of samples, and the nature of
analyses required become known.

Almost as valuable as these items
are the cataloguing of tests and the
subsequent published listing. The
standard labor index assignments to
individual tests reveal s\ll'pl'ising
cost patterns, and the assigning and
updating of these standards are also
enlightening. Estimates of costs of
proposed programs are more reli­
able, and the return value in rela­
tion to cost for marginal test in­
formation can be easily evaluated.

The system is expandable in
terms of volume of data processed
and the tests performed. The com­
parison of routine repOlt standards
removes the detail-checking burden
from the technical report writer, and
more time to analyze the data and
to draw conclusions will be avail­
able.

GLACIAL ACETIC ACID

AMMONIUM HYDROXIDE

FORMIC ACID 9D%

Min. 70.0%, Max. 71.0%
.Max.0.000008%

Max. 0.0002%
.Max. 0.00001%
Max. 0.00008%
.Max. 0.00001%

Max. 0.0000005%
Max. 0.00001 %
Max. 0.00002%

.....Max. 0.000005%
Max. oo5%סס0.0

own strict standards and those of
the ACS. In all, Du Pont Reagents
receive 23 stringent quality checks
to assure you of getting the high·
est possible quality and uniformity.
Du Pont Reagents are available in
1 and 5 pint bottles and 61/2 and
13 gallon carboys from your local
Du Pont reagents distributor.

Clty Slate Zip _

Address _

Firm _

Tille _

You C.m Depend on Du Pont Reagents
.,. for Quality, Service and Safety Features

NITRIC ACID

SULFURIC ACID

NYDROCHLORIC ACID

R£G,U S, PAT Of'

Better Things for Better Living
.. through Chemistry

Over 65 years' experience in manu·
facturing reagents (and the high·
est quality "crudes") has enabled
Du Pont to identify and eliminate
sources of contamination. Rigid
quality tests are made on each lot
-during manufacturing, in the
analytical laboratory, and again be·
fore shipment-to meet Du Pont's

NITRIC ACID
Nitric Acid (HNO,)
Chlorides as CI
Residue after Ignition
Heavy Metals as Pb
Sulfates as SO.
Iron (Fe)
Arsenic (As)
Chromium (Cr) .
Phosphates as PO.
Copper (Cu)
Nickel (Ni)

Du Pont Company, Room 22378
Wilmington, Delaware 19898
Send 0 name of nearest Distributor 0 Reagents Catalog Sheet
o prices.
Name _

Circle NO.5 on Readers' Service Card
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VAL VES FOR INSTRUMENTA TlON & RESEARCH: METERING VALVES / FILTERS / BELLOWS VALVES / CHECK VAL VES

NUPRO Valves and fluid control products are particularly recommended for in­
strumentation, laboratory use and any other application which demands reliable
performance.

NUPRO Valves are available with SWAGELOK.Bl Tube Fitting Connections, male
pipe and female pipe connections. All of these products can be ordered directly
from your local NUPRO Sales and Service Representative.

NUCLEAR PRODUCTS COMPANY /15635 SARANAC ROAO / CLEVELAND, OHIO
r.i, .. l. Nit 11 ItJl R..:adl!u:' SlI'!rvit:l! Card



Mallinckrodt introduces the Chroma-Kit
T

•

M

•• a $39.75 kit
that does the work of TLC equipment costing seven times
as much. Order now and get a free bonus.
Thin layer chromatography is fast. It is accurate. And you can apply it to your
problems immediately with the new Mallinckrodt Chroma-Kit.

The Chroma-Kit puts into your hands a greatly simplified way to make thin layer
plates. With this kit, you can perform every type of ascending TLC analysis.
You can do work that, until now, required equipment costing hundreds of dollal·s.
The Chroma-Kit is permanent equipment, built for daily use in the industrial
or biochemical lab. It's so simple to use, any member of your staff can make
excellent plates after only one or two trials.

Now...$3915 puts you all the way
-~ : lHIN IAnH CHHOMAIOGRAPHY 1·

- " "-0 0
c 0· PlilcipllS ud fJpmmeOis ..· .'£.~ • - " "-z

~.
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Circle No. 55 on Readers' Service Card

Send Chroma-Kit(s), plus free plastic reagent dispenser with each kit,
and have my Mallinckrodt distributor bill us for $39.75 each.

ORDER THE MALLINCKRODT CHROMA-KIT NOW AND GET ALL THIS FOR ONLY $39.75

• All the equipment you need to prepare and develop TLC plates.

• A valuable book of instructions and experiments. This 36-page book
gives you a thorough working knowledge of TLC techniques,

• Your starting supply of sorbent, plates and applicators.

• A carrying case so compact, it stores in a drawer.

~
- FREE!

"- Order your Mallinckrodt Chroma-Kit right away, and you'll also get a
__. r. ._ $3.75 Mallinckrodt Plastic Reagent Dispenser at no extra cost. Send the
:-... coupon below today, and brm'g the many advantages of TLC to your lab.

Offer good only
in U.S.A.

_ STATE __

ST. LOUIS. MISSOURI 63160

_TITLE~ __

___ COMPA Y __

__CITYADDRESS _

DEPARTMENT~ _

MY MALLINCKRODT DISTRIBUTOH IS,

NAME _

SIGNED ~

~~i~LLlNCKRODTCHEMICAL WORKS
DEPARTMENT TLC 2ND AND MALLINCKRODT STREETS





Scope of Coleman Nitrogen Analyzer
extended to 20 ppm in trace studies
by California Research Corporation*

* California Research Corporation is the research arm 0/ Standard Oil oj
California. Results of the work are reported in "A llfomatic Dumas Nilrogen
Analysis of Lubricating Oils and Additives:' by Farley, Guffy and Winkler,
ANALYTICAL CHEMISTRY, Vol. 36, Page 1061, May 1964. Reprints and
product literature are available from Coleman Instruments Corporation.

\-\lith sampk materials trom rose petals to natural fertilizers.
from industrial compounds to biological fluids, the unit is
proving its versatility in laboratories throughout the world.
It is equally valuable in process control and in research, in
both the physical and life sciences.

If your work involves any aspect of nitrogen determination.
investigate the Coleman Nitrogen Analyzer. Ask your lah­
oratory supply dealer for a demonstration.

CONDENSED SPECIFICATIONS,

Sample Size Normally 5 to 50 mg, 1 to 500 mg or more, de·
pending upon nitrogen content of sample.

Speed Normal operating cycle is 8 minutes; automati-
cally extendable by delay circuit.

i Accuracy ±0.2% nitrogen of theoretical nitrgen content
i at routine levels.

Range Accepts any sample tha I combusts at tempera-
tures up to 1000°C.

COLEMAN INSTRUMENTS CORPORATION
42 MADISON STREET MAYWOOD, ILLINOIS

See Buyers' Guide for all products/sales offices.
Circle No. 28 on Readers' Service Card

With the Coleman lvlodel 29 Nitrogen Analyzer, traCL'

lJuantities of nitrogen in luhricating oils and additives art'

determined at Calrcsearch and in an increasing number 01
[he California Chemical Company':'~' (Granite) customer"'"
lahoratories. With only slight procedure modifications. the
instrument is being used with -;amplcs containing as little
~\.., O.20r nitrogen.
At lower nitrogen levels-down as far as 20 ppm-a sp~­

cially·developcd concentration technique provides adsorp­
tion of the nitrogen compounds on ~liumina. The tracl...'
analyses are then made on this nitrogen-bearing adsorhclll

Expanded use of nitrogen-containing additives in lubricat­
ing oils hrought increased interest in nitrogen dctermina­
tion. a convenient method for correct preparation ot
additives and for proper product blending.

Prior to the usc of the Coleman Nitrogen Analyzer in thi"
application. California Research employed alternate meth­
ods which left much to be desired from standpoints of
speed, convenience and cconomy.

**Chemical marketing company of
Standard Oil Company of California.
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•
MAI(ES PROCESSED DATA FROM All

YOUR CHROMATOGRAPHS READilY AVAilABLE

Portable Magnetic Tape

The CRS-40 system keeps up-to-the-minute

processed data from all your chromato­

graphs at your finger tips. Using the CRS­

40R portable magnetic tape recorder, data

are collected from several chromatographs

at diverse locations. Tapes are then pro­

cessed in the CRS-40P playback console.

The CRS-40P reproduces analyzer signals,

integrates peak areas, and presents results

-peak areas and peak retention times-in

printed digital form. Computer-compatible

outputs are optional.

Playback-process speed is four times record­

ing speed. Data from up to eight analyzers

in relatively continuous operation can be

processed by one CRS-40P console. This

provides important efficiencies and econo-

CRS·40P
Playback - Process Console

mies, through the use of a single integrate

and printout system for the total output of

several chromatographs. It cuts man-hour

requirements - and reduces human-error

possibilities.

The CRS-40 tape recording, storage and

playback operation has the sensitivity on

the 50 mv range of a standard 1 mv instru­

ment. It reproduces the original analytical

signal with minimum degradation; so digital

integration will produce the same values,

within a very close tolerance, when process­

ing a signal in real time and when processing

a tape recorded, played back version. Elec­

tronic circuitry in the CRS-40 system is all

solid state for maximum reliability. If it's a

CRS, it's better than the rest!

For a new 4-page brochure containing detailed information on the remarkably productive new CRS·40 system, contact

~
7800 WESTGLEN DRIVE I HOUSTON, TEXAS 77042

Circle No. 119 on Readers' Service Card
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Just push a bUlton, and Mechrolab's new
Auto-Viscometer automatically measures
efflux time in glass capillary viscometers.
Not only are viscosity measurements more
efficient, they're at least 10 times more accu­
rate than stopwatch techniques. Here's why:

], Automatic influxing eliminates possible
errors due to differences in technique.

2. Efflux time is automatically measured
with an electronic counter which has a res­
olution of ± 0,001 second up to 100 seconds,
:~ 0,01 second to ],000 seconds,

3, Constant Temperature Bath provides tem-

perature control and stability of better than
± 0,005' C from ambient to 75' C, ± 0,01' C
between 75 and lSD' C.

4, Efflux times are digitally displayed on the
counter readout and remain there until inten­
tionally erased by the operator. There's also
provision for a remote programmer and digi­
tal prin tel',

Applications? Intrinsic viscosities; molecu­
lar weights; molecular shapes of natural and
synthetic polymers, To learn more about au­
tomated viscometer measurements, contact
your Hewlett-Packard office or write to us at
1062 Linda Vista, Mountain View, 20, Calif.

HEWLETT
PACKARD (.npJ MECHROLAB

_DIVISION

Circle No. 47 on Readers' Service Card
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ANALYTICAL
CHEMISTRY N E VtIS -------.

lS0th ACS National Meeting
Analytical Division

'fHE 150TH NATIONAL MEETING of the American Chemical
Society will be held in Atlantic City, N. J., September 12

to 17. The complete program of the technical sessions ap­
pears in the August 9 issue of Chemical and Engineering
News. All Analytical Division sessions will be held at the
Deallyille Hotel with the exception of the Friday mrctin~

\\'hich will be held in the Convention Hall.
Topics of special symposia include: inorganic chroma­

tographic separations, critical examination of optical met.hod>
of analysis, application of kinetics to analytical problems,
and gas chromatography.

The Analytical Division dinner takes place Wednesday,
Sept. 15 and will honor the Editor of AKALYTICAL CHEMIS­
TRY, L. T. Hallett.

In addition to the technical program, a chemical exposi­
tion featuring chemicals, equipment, and services of 125
exhibitors will be held at the Convention Hall, Sept. 14 to 16.

More information on Anah·tical Division activities ie
a\'ailable from John K. Taylor', "ational Bureau of Stand­
ards, Washington, D.C. 20234.

ANALYTICAL DIVISION PROGRAM

J. W. O'Laughlin, J. W. Ferguson, G. J. Kamin, C. V. Banks,
Iowa State University, Ames, Iowa 50012.

2:20 Partition Column Chromatogra phy Using Methylene­
bis(di-n-hexylphosphine Oxide) as the Stationary Phase.
J. W. O'Laughlin, Iowa State University, Ames, Iowa
50012.

2:40 Reversed-Phase Chromatographic Separation of Zir­
conium and Hafnium. J. S. Fritz, R. T. Frazee, Depart·
ment of Chemistry, Iowa State University, Ames, Iowa.

2:55 Monitoring an Anion-Exchange Separation of the
Lower Condensed Phosphates with an lon-Exchange-Mem­
brane Cell. H. L. Rothbart, Rutgers University, New
Brunswick, N. J., A. D. Lindsay, Clarkson Institute of
Technology, Potsdam, N. Y.

3:25 Cation Exchange in Concentrated HBr Solutions.
Frederick Nelson, Donna Michelson, Oak Rid"e National
Laboratory, P. 0, Box X, Oak Ridge, Tenn. 37831.

3:45 Anion Exchange Studies of Thorium, Rare Earths, and
Scandium in Ammonium Thiocyanate-Organic Solvent­
Water Mixtures. Donald Pietrzyk, University of Iowa,
Oepartment of Chemistry, Iowa City, Iowa, Donald Kiser.
Grain Processing, Muscatine, Iowa.

4:05 Precipitation Ion Exchange. G. H. Morrison, F. Tera,
R. R. Ruch, Department of Chemistry, Cornell University.
Ithaca, N. Y. 14850.

4:35 Aspects of Inorganic Gel Chromatography. Marvin
S. Antelman, Antelman Research Assoc., Providence, R. I.,
Sister Denise Eby, St. Joseph College. Emmitsburg, Md.

Donald H. Wilkins, Presiding

9:10 Plate-Equilibrium Theory of lon-Exchange Chroma·
tography_ William Rieman III, Wright Laboratory, Rutgers,
The State University, New Brunswick, N. J.

9:45 Ion Exchange and Partition Chromatographic Separa­
tion of Metal Ions, J. S. Fritz, Department of Chemistry,
Iowa State University, Ames, Iowa.

10:30 Separation of Inorganic Ions on Inorganic Com­
pounds. J. E. Rein, Phillips Petroleum Co., P, O. Box
2067, Idaho Falls, Idaho.

10:55 Sequential Chromatographic Separation of Fission
Product and Actinide Elements-A Review. Leon Wish,
U. S. Naval Radiological Defense Laboratory, San Fran·
cisco, Calif. 94135.

11:15 Radiochromatographic Methods. A. R. Landgrebe,
National Bureau of Standards, Room 402, Chemistry
Bldg., Washington, D. C. 20234.

11:35 Separation of Uranium from Other Metals bV Parti­
tion Chromatography. J. S. Fritz, D. H, Schmitt, Depart·
ment of Chemistry, Iowa State University, Ames, Iowa.

W. D. Cooke
Chairman

Charles V. Banks
Secretary

Monday Morning, Sept. 13
SYMPOSIUM ON INORGANIC

CHROMATOGRAPHIC SEPARATIONS

Tuesday Morning, Sept. 14
SYMPOSIUM ON THE CRITICAL EXAMINATION OF OPTICAL

METHODS OF ANALYSIS

V. A. Fassel. Presiding

9:05 Ultraviolet and Light Absorption Spectrometry. D. F.
Boltz. Department of Chemistry, Wayne State University,
Detroit. Mich.

9:45 Infrared Spectrum-A Phvsical Constant? M. K.
Wilson, Chemistry Department, Tufts University, Medford,
Mass.

10:40 Raman Spectroscopy-A Critical Review. R. N.
Jones, Division of Pure Chemistry, National Research
Council, Ottawa. Canada.

11:20 Molecular Fluorescence and Phosphorescence Spec­
troscopy-A Critical Review. D. M. Hercules, Department
of Chemistry and Laboratory for Nuclear Science, M.IT,
Cambridge. Mass. 02139.

Tuesday Afternoon, Sept. 14

Section A

GENERAL PAPERS

A. F. Findeis, Presiding

Monday Afternoon, Sept. 13
SYMPOSIUM ON INORGANIC

CHROMATOGRAPHIC SEPARATIONS

James S. Fritz. Presiding

2:05 Partition Paper Chromatography of the Rare Earths
Usinl: Methylenebis(di-n-hexylphosphine Oxide) and Oi-(2­
ethylhexyl)orthophosphoric Acid as the Stationary Phases.

2:05 Determination of Microgram Quantities of Lead by
Spectrophotometric Titration with Oithizone. R. A. Jones,
Ethyl Corp.. Research Laboratories, Detroit, Mich., Anton
Szutka, Department of Chemistry, University of Detroit.
Detroit. Mich.

2:20 Oxidation of Manganous with Sodium Perxenate:
Application to the Determination of Manganese in Uranium.
R. W. Bane, Argonne National Laboratory, 9700 South Cass
Ave.• Argonne, III. 60440.

2:35 The Use of Citrate-EOTA Masking for the Selective
Detennination of Iron with 1,10-Phenanthroline. S. S.
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In experimental or commercial
photochemistry, the Hanovia mercury
vapor arc lamps listed below
have induced ultraviolet radiation and
near·visible violet and blue
radiation in many photo·reactions.
These Hanovia photochemical systems
can be integrated easily into standard
laboratory apparatus. And a
built·in automatic protective system
completely eliminates any hazard
to personnel or equipment. The
complete, ruggedly·built systems
include immersion wells, lamps and
accessories. All available immediately
from stock. For complete details,
write today.

A"
lamp length
Madel Volts Watts I•.

SOBA 90-1I0 100 1.2

l~[S54A 1I5-130 200 1.9

679A 125,140 450 3.7 "'g
67JA 140·150 550 4.5

S74A 150 700 7.5

189A 285 1200 12.0 n

78A 550 2000 21.0 ~

47A 925 3450 48.0 ~
59A 1000 4500 58.0 ~

77A 960 4500 42.0

57A 1260 5000 46.5
;;

40R 1700 7500 59.0

NEWS

Yamamura, J. H. Sikes, Phillips Petroleum Co., P. O. Box
2067, Idaho Falls, Idaho.

2:55 Exchange Kinetics in the Calcium-EDTA System.
R. J. Kula, G. H. Reed, Department of Chemistry, Uni­
versity of Wisconsin. Madison, Wis.

3:30 A Kinetic Study of the cystine Catalysis of the
Iodine-Azide Reaction. W. E. Dahl, H. L. Pardue, Depart­
ment of Chemistry, Purdue University, Lafayette, Ind.

3:50 A Coordination Chain Reaction Involving Copper and
Zinc Complexes. D. W. Margerum, J. D. Carr, Department
of Chemistry, Purdue University, Lafayette, Ind.

4:10 A Spectrophotometric Study of Nickel Complexes
with 2,3-Quinoxalinedithiol. R. B. W. Earp, A. F. Findeis,
School of Chemistry, University of Alabama, University.
Ala.

4:30 Sterically Hindered Organic Analytical Reagents 2·
Methyl-8·Mercaptoquinoline. Henry Freiser, Quintus Fer­
nando, David Kealey, University of Arizona, Tucson, Ariz.
85721.

Tuesday Afternoon, Sept. 14
Section B

SYMPOSIUM ON THE CRITICAL EXAMINATION OF
OPTICAL METHODS OF ANALYSIS

Y. A. Fassel. Presiding

2:05 A Critical Review of Atomic Absorption Spectroscopy.
Walter Slavin, Perkin-Elmer Corp., Norwalk, Conn. 06852.

2:45 Flame Emission Spectroscopy-A Critical Review.
R. N. Kniseley, V. A. Fassel, Institute of Atomic Research
and Department of Chemistry, Iowa State University, Ames.
Iowa.

3:40 Atomic Fluorescence Flame Spectrometry-A Critical
Review. James Winefordner, Department of Chemistry,
University of Florida, Gainesville, Fla.

4:20 Atomic Emission Spectroscopy Are, Spark, and
Plasma Jet. B. F. Scribner. National Bureau of Standards.
Washington, D. C. 20234.

Wednesday Morning, Sept. 15
Section A

GENERAL PAPERS

Daniel J. Macero, Presiding

9:05 An Integral General Purpose Electrochemical Instru­
ment. J. W. Haagen·Smit, S. L. Pratt, Beckman Instru­
ments, Inc.. 2500 Harbor Blvd., Fullerton, Calif.

9:25 New Approach to Residual Current Compensation in
Polarography. W. B. Schaap, Joseph DiSalvo, Department
of Chemistry, Indiana University, Bloomington, Ind.

9:50 Photo·Polarographic Behavior of Inorganic Depolariz­
ers. R. A. Durst, Department of Chemistry, Boston Col­
lege, Chestnut Hill, Mass. 02167, J. K. Taylor, Analytical
Chemistry Division, National Bureau of Standards. Wash­
ington, D. C. 20234.

10:10 Polarographic Studies in Dimethylsulfone-Nitrate
Complexes of Lead and Cadmium. Clemens Auerbach.
D. K. McGuire, Brookhaven National Laboratory, Upton.
N. Y.

10:40 Spot Electrolysis. D. H. Evans, Department of Chem­
istry, Harvard University, Cambridge, Mass. 02138.

, 11:00 Electrochemical Reduction of Carbon Dioxide in
Nonaqueous Solvents. D. T. Sawyer, L. V. Haynes, De­
partment of Chemistry, University of California, Riverside,
Calif.

11:30 DIVISION BUSINESS MEETING

Wednesday Morning, Sept. 15

Section B

SYMPOSIUM ON THE APPLICATION OF
KINETICS TO ANALYTICAL PROBLEMS

Dale W. Margerum, Presiding

9:05 Application of Differential Kinetics to Analytical
Problems. Sidney Siggia, J. G. Hanna, Olin Research Cen·
ter, 275 Winchester Ave .. New Haven, Conn_ 06504.

9:30 Discussion
Circle No. 117 on Readers Service Card
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NEWS WHICH ONE IS THE HIGH VACUUM VALVE

•

TEMESCAL
metallurgical corp
(415) 841-5720
2850 Seventh Street • Berkeley, California

Circle No. 85 on Readers' Senice Card

Don't be puzzled by appearance ... they're all
low-cost high vacuum valves by Temescal, the
leading producer of high vacuum valves. Take
your choice. Series 5000 Gate Valves in sizes
2",3",4" and 6" feature oversized ports; 4-bar
linkage on gate and carriage; and 5 actuations
-hand, toggle, side lever, and two pneumatic
operations.

New Series 2000 Right Angle High Vacuum
Valves, sizes 2" through 35", are available with
toggle or pneumatic action. The Series 2000
valves are the lowest priced 2" - 6" vacuum
valves available and are ideal for roughing
lines, forelines and general vacuum piping.

Series 5000 and 2000 Valves with the unique
one-piece body (2" through 6") assure you of
highest performance.

Write for illustrated data and complete pric­
ing information.

Section B

Wednesday Afternoon, Sept. 15

2:05 Use of Enzymes in Analytical Chemistry. G. G.
Guilbault, Chemical Research and Development Labora­
tories, Edgewood Arsenal, Md.

2:45 Discussion
2:50 Analytical Application of Immobilized Enzyme Sys'

terns. G. P. Hicks, S. J. Updike, University of Wisconsin,
359 N. University Hospital, Madison, Wis. 53706.

3:20 Discussion
3:25 Quantitative Analysis by Automatic Reaction-Rate

Measurements. H. L. Pardue, Chemistry Department, '
Purdue University, Lafayette, Ind.

4:00 Discussion
4:05 Investigation of Some Rapid Analytical Reactions '

Using Specific-Ion Glass Electrodes. G. A. Rechnitz, J.
McClure, Department of Chemistry, University of Pennsyl·
vania. Philadelphia. Pa. 19104.

Wednesday Afternoon, Sept. 15
Section A

2:05 Asymmetric Effects of Adsorbed Optically Active
Layers on Electrode Reactions of Optical Isomers. R. W.
Murray, Mutsuo Kodama, Department of Chemistry, Uni·
versity of North Carolina, Chapel Hill, N. C. 27515.

2:20 Differential Controlled·Potential Coulometry Utilizing
Radioisotopic Tracers. P. A. Pella, National Bureau of
Standards, Washington, D. C, 20234, A. R. Landgrebe,
J. R. DeVoe, W. C. Purdy, University of Maryland, College
Park, Md.

2:40 Theory and Application of Cyclic Voltammetry for
Measurement of Electrode Kinetics. R. S. Nicholson,
Chemistry Department. Michigan State University. East
Lansing, Mich.

3:00 Derivative Voltammetry with Irreversible Systems.
S. P, Perone, C. V. Evins, Department of Chemistry, Purdue
University, Lafayette, Ind.

3:35 Cyclic Chronopotentiometry-Electron Transfer
Coupled with Homogeneous Chemical Reactions. H. B.
Herman, University of Georgia, Athens, Ga., A. J. Bard,
University of Texas, Austin, Texas.

3:50 Chronopotentiometry at an Inverted Mercury Drop
Electrode. R. J. Joyce, Beckman Instruments, 2500 Har·
bor BlVd., FUllerton, Calif.

4:10 Detection of a Radical Intermediate during the Elec­
trochemical Oxidation of 3·Aminophthalhydrazide. W. G.
Hodgson, D. L. Maricle, M. M. Rauhut, American Cyanamid
Co" 1937 W. Main St., Stamford, Conn.

4:25 Effect of Adsorbable Substances on Potentiostatic
Current·Time Curves. S. L. Phillips, IBM Corp., Dept.
C27, Bldg. 702, Poughkeepsie, N. Y.

6:00 DIVISION DINNER IN HONOR OF L. T. HALLETT

SYMPOSIUM ON THE APPLICATIONS OF
KINETICS TO ANALYTICAL PROBLEMS

9:35 A Critical Evaluation of Differential Reaction Rate
Methods Employed for the Simultaneous Analysis of
Closely Related Mixtures. H. B. Mark, Jr., R. A. Greinke,
Chemistry Department, University of Michigan, Ann Arbor,
Mich. 48104, L. J. Papa, Jackson Laboratories, E. I. du
Pont de Nemours Co., Deepwater, N. J.

10:10 Discussion
10:15 Determination of Metals Using Coordination Kinetics.

D. W. Margerum, Department of Chemistry, Purdue Uni·
versity, Lafayette, Ind.

10:45 Discussion
10:50 Analysis of Mixtures by NMR Taking Advantage of the

Uncertainty Principle. C. N, Reilley, R. J. Day, Department
of Chemistry, University of North Carolina, Chapel Hill.
N. C. 27515.

11:25 Use of Solvent Extraction Techniques in Kinetic
Studies and Its Analytical Implications. Henry Freiser. De·
partment of Arizona, Tucson, Ariz.

GENERAL PAPERS

Royce W. Murray, Presiding

Harry L Pardue, Presiding
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4:25 Discussion
4:30 Adjusting Chemical Systems to Utilize Kinetic Meth­

ods. G. H. Schenk, T. W. Osolinski, Department of Chern·
istry, Wayne State University, Detroit, Mich. 48202.

4:50 Discussion

Thursday Morning, Sept. 16
SYMPOSIUM ON GAS CHROMATOGRAPHY

w. D. Cooke. Presiding

9:05 Gas Liquid Chromatographic Study of the Thermody­
namics of Solution of Aromatic Compounds: A Tetra·
halophthalate Liquid Phase. S. H. Langer, Chemical Engi­
neering Department, University of Wisconsin, Madison.
Wis, 53706, Howard Purnell, Department of Physical
Chemistry, Lensfield, Cambridge, England.

9:35 Solute Adsorption at the Gas-Liquid Interface. D. E.
Martire, Department of Chemistry, Georgetown University,
Washington, D. C. 20007.

10:00 Mixed Carrier Gases: A Fundamental Approach to
Quantitative Gas Chromatography Based on Kinetic Theory,
Joseph Jordan, Barbara Kebbekus, Department of Chem­
istry, Pennsylvania State University, University Park, Pa.

10:50 Gas Liquid Chromatographic Studies on the Mecha­
nism of Diastereomeric Ester Resolutions. H. C. Rose,
R. L. Stern, B. L. Karger, Department of Chemistry, North­
eastern University, Boston, Mass.

11:20 Quantitative Gas Chromatographic Analysis of Halo­
gen Substituted Hydrocarbons Using Thermal Conductivity
Cells. R. S. Fischer, D. M. Rosie, Chemistry Department,
University of Rhode Island, Kingston, R. I.

11:40 The Gas Chromatographic Performance of Large Di­
ameter Columns (Up to Four Inch). L. Mikkelsen, F. J.
Debbrecht, A. J. Martin, F & M Scientific Corp., Avondale,
Pa.

Thursday Afternoon, Sept. 16

Section A

GENERAL PAPERS

John K. Taylor, Presiding

2:05 Spectropolarimetric Titrimetry. The Determination
of Both Optically Active and Inactive Weak Acids and Bases.
K. H. Pearson, Stanley Kirschner, Department of Chemis·
try, Wayne State University, Detroit, Mich. 48202.

2:25 Analysis of Organometallic Fungicides and Related
Compounds by Atomic Absorption Spectroscopy. B. J.
GUdzinowicz, V. J. Luciano, Jarrell-Ash Co., 590 Lincoln
St., Waltham, Mass.

2:40 Critical Factors in the Atomic Absorption Determina­
tion of the Alkaline Earth Elements in Glass. P. B. Adams,
W. O. Passmore, Corning Glass Works, Corning, N. Y.

2:55 A Unified Treatment for the Interpretation of K·Edge
X-Ray Absorption Spectra of Transition-Metal Compounds.
R. M. Levy, J. R. Van Wazer, Monsanto Co., 800 N. Lind­
bergh Blvd., St. Louis, Mo. 63166.

3:30 Chelate-Water Adducts in Nitromethane Observed by
Proton Nuclear Magnetic Resonance. C. E. Meloan, Kan­
sas State University, Manhattan, Kan., D. R. Gere, Aero­
space Research Laboratories, Wright-Patterson AFB, Ohio.

3:45 The Effect of Hydrogen Bonding on the NMR Spectra
of Aliphatic Compounds. P. E, Peterson, Chemistry De­
partment. SI. Louis University, 1402 South Grand Blvd" St.
Louis, Mo, 63104.

4:00 The Use of Mossbauer Effect to Study the Adsorption
of Iron on Cationic Ion Exchange Resins. J, J. Spijkerman,
A. R. Landgrebe, F. C. Ruegg, J. R. DeVoe, National Bureau
of Standards, Washington, D, C. 20234.

4:15 Indicator Studies of Acid-Base Reactions in Benzene.
Joseph Steigman, Department of Chemistry, Polytechnic

Rf Mass Spectrometer-Machlett's ML-494 (above)

is a non-magnetic type for simultaneous determination of total

gas mixture and partial pressure of molecular species present.

Operating pressure range: 10.3 - 10-8 mm Hg., Mass range:

1-250 AMU" Baking Temp.: to 450°C.

Ionization Guages of the MG-75 (left) series are

capable of measuring gas pressure in a range of I X10.3 to

I X 10-10 torr. Output is linear to I X 10-4 torr. Available

with various filament and tubulation combinations. Write:

The Machlett Laboratories, Inc., Springdale, Conn. 06879.

An Affiliate of Raytheon Co.

ELECTRON TUBE SPECIALIST

Circle No. 173 on Readers' Service Card
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Institute of Brooklyn, Brooklyn, N. Y., Patricia Lorenz, Esso
Research and Engineering, Linden, N. J.

Thursday Afternoon, Sept. 16
Section B

SYMPOSIUM ON GAS CHROMATOGRAPHY

Douglas M. Rosie, Presiding

2:05 Boiling Points of C,.,...{;,. Straight Chain Alkylbenzene
Isomers from Gas Chromatographic Retention Data. F.
Baumann, A. E. Straus, J. F. Johnson, California Research
Corp., Richmond, Calif. 94802.

2:20 Quantitative Gas Chromatography of Amino Acids.
Chromatographic Separation of n-Butyl N-Trifluoroacetyl
Esters. F. Shahrokhi, C. W. Gehrke, University of Missouri.
Room 4, Agriculture Bldg., Columbia, Mo.

2:40 Inverse GLC-A New Approach for Studying Petro­
leum Asphalts. T. C. Davis, J. C. Petersen, W. E. Haines.
Laramie Petroleum Research Center, P. O. Box 3395, Uni·
versity Station, Laramie, Wyo.

3:00 Studies of the Gas Density Cell. D. M. Rosie, De·
partment of Chemistry, University of Rhode Island, King­
ston, R. I., J. T. Walsh, U. S. Army Natick Laboratories,
Natick, Mass.

3:35 Gas Chromatographic Determination of 2,3-Diketones
at Nanogram Concentrations Using the Electron Affinity
Detector. B. J. Gudzinowicz, K. Johnson, Jarrell Ash Co.,
Waltham, Mass.

3:50 The Detection of Drugs in the Blood of Race Horses
Using Gas Chromatography. W. A. Winsten, Hofstra Uni­
versity, Hempstead, N. Y., T. J. Manning, The Prerace Test­
ing Research Laboratory, Roosevelt Raceway. Westbury.
N. Y.

4:05 Analog Computer Program for the Resolution of Over·
lapping Distribution Curves. R. O. Butterfield, E. B. Lan'

NEWS

caster, H. J. Dutton, Northern Utilization Research and
Development Division, 1815 North University, Peoria, III.
61604.

Friday Morning, Sept. 17
GENERAL PAPERS

Eugene D. Olsen, Presiding

9:05 Crosslinked Polyacrylamide Gel as a Dehydrating
Agent. A. E. Sherr, American Cyanamid Co., 1937 W. Main
St., Stamford, Conn., A. M. Swift, American Cyanamid Co..
Wayne, N. J.

9:15 Rapid Removal of Alkali Metals from Quaternary
Ammonium Bases by Ion Exchange. E. D. Olsen, R. L.
Poole, Jr., Department of Chemistry, University of South
Florida, Tampa, Fla.

9:30 The Detection of in situ Compound Instability of
Two Dimensional Thin Layer Chromatography. M. H.
Penner, J. M. Talmage, M. Geller, Warner·Lambert Research
Institute, Morris Plains, N. J.

9:50 Ultrapurification by Counter-Current Crystallization:
The Freezing Stair-Step Method. C. P. Saylor, Analytical
Chemistry Division, National Bureau of Standards, Wash·
ington, D.C. 20234.

10:05 Determination of Rare Earths by Radiochromatog­
raphy. G. A. Welford, E. L. Chiotis, R. S. Morse, U. S.
Atomic Energy Commission, 376 Hudson St., New York,
N. Y. 10014.

10:20 A New Method of Analysis Using Radioisotopic
Tracers-A Concentration Dependent Method. A. R. Land·
grebe, L. T. McClendon, J. R. DeVoe, National Bureau of
Standards, Washington, D.C. 20234.

10:40 Determination of Dissolved Ammonia in Dilute
Aqueous Solutions by Gas Chromatography. R. W. Jenkins,
Jr., C. H. Check, V. J. Linnenbom, U. S. Naval Research
Laboratory, Washington, D. C. 20390.

---------------------------------------

The Machlett X-ray Tube Line includes a family of broad­

spectrum, beryllium·window tubes for fluorescence spectrometry.

The OEG-50, OEG·50, and OEG·75 are capable of operation at

voltages up to 50 PKV, 50 PKV, and 75 PKV, respectively.

These end·grounded (EG) tubes are available with a choice of

target materials to provide wavelengths suitable for a wide

range of applications. Various cooling, insulation and focal spot

options are available. For details, write The Machlett Laboratories,

Inc., Springdale, Conn. 05879.
An affiliate of Raytheon Co.

HECTRON TUBE SPECIALIST

Circle No. 54 an Readers' Service Card
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NUC:G-4-248

TRITIUM
LABELLED

STEROIDS AND
STEROID ESTERS

Tuesday Morning, Oct. 19
s. R. Lipsky, Presiding

9:00 Ultrasonic Velocity Instrumen­
tation for Liquid and Gas Chroma·
tography Effluent Detection. K. Abel.
National Heart Institute, Bethesda.
Md.

9:30 Design and Operation of Gas
Phase Ionization Detectors for Liquid
Chromatography. E. Haahti, Univer­
sity of Turku, Turku, Finland.

10:00 A Liquid Chromatographic Sys­
tem for the Analysis of Macromole­
cules. J. Stouffer, Baylor University
College of Medicine, Houston, Texas.

11:00 A Flame Ionization Detector for
Liquid-Liquid Chromatography, A.
Karmen, The Johns Hopkins Univer­
sity, Baltimore, Md.

11:30 Separation of Derivatives of Bio­
genic Amines. E. C. Horning, Baylor
University College of Medicine, Hous­
ton. Texas.

Institute of Technology, Pasadena,
Calif.

3:00 Evidence for Turbulence and
"Coupling" in Chromatographic Col­
umns. J. H. Knox, University of Edin­
burgh, Edinburgh, Scotland.

4:00 Correlation of Retention Data
and Structural Parameters of Car­
boxyl Compounds. J. F. Haken, Uni­
versity of New South Wales, Kensing·
ton, N.S.W., Australia.

4:20 Support Effects on Retention
Volumes in Gas Chromatography:
Practical and Theoretical Aspects. P.
Urone, University of Colorado,
Boulder, Colo.

Tuesday Afternoon, Oct. 19
L. S. Ettre, Presiding

2:00 Investigation of Formamide as
a Useful Gas Chromatography Sta­
tionary Phase of Extreme Selectivity
and Without Flame Ionization Signal.
J. Janak, Czechoslovak Academy of
Sciences, Brno, Czechoslovakia.

2:30 Determination of the Polarity of
Stationary Phases Used in Gas Chro­
matography. P. Chovin, Laboratoire
Municipal, Prefecture de Police. Paris.
France.

3:00 Clean Gases for Chromatog·
raphy. B. Osborne Prescott, Shell
Development Company, Houston,
Texas.

3:30 Preparative Scale Separation of
Multicomponent Mixtures by Continu­
ous Gas Chromatography. P. E.
Barker, University of Birmingham.
Birmingham, England.

Wednesday Morning, Oct. 20
J. L. Monkman, Presiding

9:00 Contemporary Gas-Solid Chro­
matography. C. G. Scott, Lobitos
Oilfields Ltd., Cheshire, England.

9:30 Micro-Packed Columns for High
Speed Gas Chromatography. I.
Halasz, Institut fur physikalische
Chemie der Universitat Frankfurt am
Main, Germany.

10:30 High Resolution Capillary Ad­
sorption Columns for Gas Chroma·
tography. R. D. Schwartz, Shell De­
velopment Company, Houston, Texas.

11:00 Application of High Pressure
Gas Chromatography to Micro Packed

Third International
Symposium on Advances in
Gas Chromatography

NEWS

The University of Houston is spon­
soring the Third International Sym­
posium on Advances in Gas Chroma­
tography to be held at the Shcraton­
Lincoln Hotel in Houston, Texas, on
October 18--21, 1965. The meeting con­
sists of papers by outstanding scientists
from the U. S. and abroad. Topics in­
clude recent advances in theory, ancil­
lary chromatographic devices, new col­
lunll techniques, and the analysis of
flavors. A special session on new de­
tectors for liquid chromatographic ::).Y::i­
tems for compounds of biologic..1 in­
terest has also been included. Informal
discussion groups are being planned for
preparative scate chromatography,
flavors, column design, ;-1nd biochemical
chromatography. An exhibition of the
latest chromatographic instrumentation
and accessories as well as a book exhibit
will be held during the symposium.
Attendance at the symposium is limited
and applications will be accepted in
order of receipt of the registration
forms. Details of the meeting and
registration forms are available from
Prof. A. Zlatkis, Chemistry Depart­
ment, University of Houston, Houston,
Texas.

Monday, Afternoon, Oct. 18
s. Dal Nogare, Presiding

2:00 A Simple Approach to the Rate
Theory of Gas Chromatography. I.
Halasz, Institut fur physikalische
Chemie der Universitat Frankfurt am
Main, Germany.

2:30 Electrostatic Interactions in Gas
Solid Chromatography. J. King, Jr.,
Jet Propulsion Laboratory, California

PROGRAM

Monday Morning, Oct. 18
A. I. M. Keulemans. Presiding

9:00 Introductory Remarks.
A. Ziatkis, Symposium Chairman.
J. O. Allred, Vice·President, University
of Houston.

9: 10 Life Detection by Gas Chroma·
tography. J. E. Lovelock, University
of Houston, Houston, Texas.

9:40 Resolution of Optical Isomers
by Gas Chromatography. E. Gil·Av.
Weizmann Institute of Science, Re­
hovoth, Israel.

10:10 Gas Chromatography of Vola­
tile Metal Complexes. R. E. Sievers,
Wright·Patterson Air Force Base, Day­
ton, Ohio.

11:00 An Electrical Discharge Pyro­
Iyzer for Gas Chromatography. J. C.
Sternberg, Beckman Instruments,
Inc., Fullerton, Calif.

11:30 Gas Chromatography of Iso­
topic Molecules by Open Tubular
Columns. A. Liberti, Istituto Chim­
ica Analitica-Universita-Napoli, Italy.

25-250
250-1000

>5000
500-1800

100-500
50-100

500-1000
100-500
500-1000

>3000
100-200
100-500
100-1000

>30,000

250-2000
500-1000
100-300
100-500

>2000
50-350

100-500
50·350

100-350
100-500

SPECIFIC
ACTIVITY
(mc/mM)

500-1000
100-300

50-350
100-500
100-500

250·1000
>30.000

1000-2000

1000-1500
100-500
100-500
100-500
500-1000

> 15,000
500-1000

d( +)Aldosterone-l, 2-T
.::..4,·Androstene-3, 17-dione-7a-T
Cholesterol·T (G)
CholesteroJ-7a-T
Cholesterol-7o:-T
Cholesteryl-T (G) linoleate
ChoJesteryl-7o:-T linoJeate
Cholesteryl-T (G) oleate
ChoJestery]-7o: oleate
Cholesteryl oleate-

(nominally 9, 10-T)
CholesteryJ·7a-T palmitate
Cholesteryl palmitate-

(nominally 9, lOoT)
Cholesteryl-T (G) stearate
ChoJesteryl·7a-T stearate
ChoJesteryl stearate-

, (nominally 9, lOoT)
Corticosterone-}, 2-T
Corticosterone-I, 2-T
Cortisol-I,2-T

[Hydrocortisone-l, 2·Tj
Cortisol-l, 2-T

[Hydrocortisone-I,2-T]
Cortisone-T (G)
Dehyd roepia ndrosterone·70:- T
Dehyd roepia nd roste ron e- 7a-T
Dehydroepia ndrosterone-7a· T

acetate
DiethylstilboestroJ-T (G)
EstradioJ-T (G)
Estradiol-2,4-T
Estradiol-6, 7-T
Estradiol-6, 7-T 17~-acetate

Estradiol-6. 7-T 17~-acetate

Estrone-T (G)
Estrone-6. 7-T
Hexestrol-T [meso-3. 4-bis-p-

rn~~~XC:;~h~,nt-4~h5e_~)re-
!l.~-Pregnenolone-16·T
':::'~-Pregnenolone-7Ct'-T

Progesterone-T (G)
Progesterone-7a-T
Testosterone-l,2·T
Testosterone-I.2-T
Testosterone-7a-T

COMPOUND

Data sheets available on request for
every compound. Please write for cur­
rent schedules containing complete
radiochemical listings and information.
Or call 312 827-4456 collect.

NUCLEAR-CHICAGO
RESEARCH QUALITY
RADIOCHEMICALS

00
NUCLEAR-CHICAGO
A DIVISION OF NUCLEAR-CHiCAGO CORPORATION

351 Howard Avenue, Des Plaines, Illinois 60018
See Buyers' Guide for all products/sales offices_
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Columns. J. C. Giddings. University
of Utah, Salt Lake City. Utah.

11:30 High Speed Chromatography.
V. Pretorius. University of Pretoria.
Pretoria, South Africa.

Wednesday Afternoon Oct. 20
H. R. Felton. Presiding

2:00 Quality and flavors of Wine,
Rum, and Brandy by Gas Chroma·
tography. E. Bayer. Chemische.
Institut der Universitat, TUbingen,
Germany.

2:30 Gas Chromatographic Analysis
of Steam Volatile Aroma Constitu­
ents: Application to Coffee. Tea, and
Cocoa Aromas. D. Reymond. Re·
search Laboratories for Nestle's
Products. Vevey, Switzerland.

3:00 Gas Chromatography of Sesqui­
terpenoids. R. Teranishi, Western
Regional Research Laboratory, Al­
bany, Calif.

3:30 Behavior of Stationary Phases
at Cryogenic Temperatures. C. Mer­
ritt, Jr.. U. S. Army Natick Labora­
tories. Natick, Mass.

Thursday Morning, Oct. 21
c. G. Scott. Presiding

9:00 The Efficiency of Molecule
Separators in Gas Chromatography­
Mass Spectrometry Instruments. R.
Ryhage, Karolinska Institutet. Stock­
holm, Sweden.

9:30 Micro Gas Chromatography.
W. f. Wilhite, Jet Propulsion Labora­
tory. California Institute of Tech­
nology. Pasadena. Calif.

10:00 A Specific Detector for Phos­
phorous and for Sulfur Compounds­
Sensitive to Subnanogram Quanti·
ties. S. S. Brody. Melpar, Inc., Falls
Church, Va.

11:00 New Column Systems for Gas
Chromatography. R. P. W. Scott,
Unilever Research Laboratories.
Sharnbrook, England.

11:45 Summary. J. H. Knox. Univer­
sity of Edinburgh. Edinburgh, Scot­
land.

Conference on
Analytical Chemistry in
Nuclear Technology

The ninth conference on analytical
chemistry in nuclear technology will be
held in Gatlinburg, Tenn., October 12
to 14. This meeting is sponsored by
the Analytical Chemistry Division of
Lhe Oak Ridge National Laboratory.
The conferences will be held in the Huff
House of the Mounta.in View Hotel.
Six sessions will cover the following sub­
jects: analytical chemistry of the
transuranium elements; symposium on
t he role of analytical chemistry in pure
materials research; selected papers on
bioanalytical techniques: and miscel­
laneous subjects.

Participation in the conference is on
the basis of invited contributions; how­
ever, a limited number of other papers
will be accepted if the subject matter is

0000000000
0000000000
0000000000
0000000.00
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

FISHER'S 99+ MOL % SOL VENTS ARE SO PURE,

THERE'S NEVER MORE THAN ONE "BLACK

SHEEP" IN 100 MOLECULES And often, even he doesn·t get

through. For example, A·936 Methanol is purer than 99.9 mol %. Any of

the 17 Fisher solvents that have guaranteed purity of at least 99 mol % can

be used directly as a gas chromatography standard. Each bottle comes to

you with a gas chromatogram proving its purity and-because several of the

solvents meet Fisher's "Spectranalyzed" specifications-you also receive

an absorbance curve with them. Bulletin TD-182 gives names, specifica­

tions and prices. Get your free copy. Write Fisher Scientific Company,

100 Fisher Building, Pittsburgh, Pennsylvania 15219. J.423

o FISHER SCIENTIFIC
World's Largest Manufacturer·Distributor of Laboratory Appliances & Reagent Chemicals

Complete stocks in a/l these locations: Atlanta • Boston· Chicago. Cleveland • Houston. New York
Philadelphia. Pittsburgh. 51. Louis. Union, N. J.• Washington. Edmonton· Montreal· Toronto

See Buyers' Guide for all products/sales offices.
Circle No. 39 In Ruders' Service Card
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Think of Farrand first ... for the finest sCIentific Instruments

Compare before you buy. Send your sample for free comparative analysis.

fE~rPlP~ffi'l1fl OPTICAL I 4403 Bronx Blvd. at E. 238th 51.lr(gJU U (gJUU~ CO., INC. Bronx. N. Y. 10470· 212·FA 4·2200

NEWS

rc1e\'al1L to the purposes of the confer­
ence and meets with the approval of the
program cOllunittee. Inquiries con­
cerning the conference should be di­
rected to Mr. C. D. Susano, Oak Ridge
National Laboratory, P. O. Box X, Oak
Ridge, Tenn 3783 I.

Symposium on Automation
in Analytical Chemistry

A sylnposium, sponi'ored by Techni­
con Controls, Inc., all automation in
analytical chemistry will be held at the
Statler-Hilton Hotel, K. Y., September
8 to 10. Reports will rover significant
developments in a variety of industries,
including power and water, food and
be\'eragc, pharmaceutical, agricultural,
pulp and paper, and mc,allurgy, as well
33 automated analysis of air, water, and
\I-aste pollution, and automated control
techniques applicable to many indus­
tries. Other sessions \\ill cover ad­
\'~mces in the automation of diagnostic

! and clinic.1! prucedures <lnd the u:;.;e of
a\l tOlllll t iOll in medie;l,1 ff':-;earch. lvlore
than 1:J(j !);I pets will be pre,;ented
;llong with patH'l di::i(,1I~:3iuns and collo­
quia.. Admi""ion is free but requires
preregistration. Further information is
a\'ailable by writing TechnicOll, Chaun­
cey, N. Y.

SPECTRO.
FLUOROMETER
GRAPH

Fluorescence Spectra,
1 mJL resolution.
Coronene in Benzene
10.1 molar (0.03
microgramsjml).
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• SUPERIOR SENSITIVITY
Full scale deflection produced by
.0001 mgjml Quinine SUlfate. when
operating with 20 mJL resolution with
noise level of less than 0.1 of total
signal

• SIGNIFICANT RESOLUTION
1 mp capability provides data nor­
mally obscured

• MODULAR DESIGN
Complete accessibility and compo­
nent interchangeability

• OPTICAL PRECISION
Farrand Master Grating replicas ..
Fj3.5 optical beam throughout

SUBSIDIARY

Multi-Ridge 0 RING JOINTS
Delmar·Urry design is ideal for any apparatus
where grease is a problem. Multiple pressure
ridges applied to each side of the Viton 0 Ring
secure vacuum systems down to 10~ mm Hg.
For use in temperatures from -40" to 500°F and
pressure systems up to 40 PSI.

NEW STOPCOCK DESIGN
This new Delmar·Urry unit has a precision bore
body which allows interchanging plugs and other
parts. Features include,
• Viton elastomer 0 Rings • Precision bore body
• Pressure 10-' mm Hg.
• Temperature range -40° to 500"F
• Sizes 0·4 mm opening and 0·10 mm opening

Ask for Catalog 60-D3A

COLEMAN INSTRUMENTS
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Gas Chromatography
Workshop

The School of Pharmacy of the U ni­
"ersity of Southern California will hold
a \I·orkshop on biomedical applications
of ~as chromatography, September 13
to 16. This workshop is held in co­
operation with F & M Scientific Corp.
Fur applic"tion; "nd further informa­
tiou, write Dr. Walter Wolf. School of
Pharmacy, Univer3ity of Southern Cali­
fornia, Los Angeles, Calif. 90007.

International Symposium on
Nuclear Magnetic
Resonance:

An international symposium on no\·el
applications of nuclear magnetic reso·
nance will be held at the Akasaka Prince
Hotel, Tokyo, Japan, Septemb,'r 1 to 3.
A presymposium meeting on )I"MR in
analytical chemistry will be held at the
University of Tokyo, August 30 or 31,
and a postsymposium meeting on appli­
cations on NMR \1;11 be held at Kyoto,
September 5 or 6. The meetings are
sponsored by the Chemical, Physical,
and Pharmaceutical Societies of Japan
and the Japan Societies for Analytical
Chemistry and Applied Physics. Co­
sponsors are the American Chemic,,]
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Society Division of Physical Chemistry
and the InternatiOld lInion of Pure
and Applied Chemistry. About 50
.Japanese and 30 foreign speakers are
scheduled. The bnguagc of the sym­
posium is English. For further infor­
mation write Dr. ShizlIo Fujiwa.ra, De­
partment of Chemi51I"\", Cni"er,ity of
Tokyo, Tokyo, .Japan.

Pittsburgh Diffraction
Conference

The twenty-third annual Pitt5bnrgh
Diffraction Conference will be held
Nov. 3 to 5 at the :\Iellon Institute,
Pittsburgh, Pa. Papers are invited on
any aspect of diffraction, crystallog­
rapby, or crystal physics. Special
sessions will be held on metals; ce­
.ramics; structures; crystal physic~,

lattice dynamics, crystallinc imperfec­
tions; instrumentation and techniques.
A symposium will be held on texture
,md preferred orientation in polvmers.
Guest speaker Thursday e\'ening will be
Elizabetb Wood of Bell Telephonc Lab­
oratories. Inquiries for presenting
papers and abstracts, not to exceed 400
words, should be sent to Dr. B. R.
Banerjee, Crucible Steel Co .. 234 At­
wood, Pittsburgh, Pa. 15213. Ab·
"tracts are due beforc September 17.
Information for the exhibition of equip­
ment is available from Dr. Gordon
Sargent, Mellon Institute, +10 Fifth
..he., Pittsburgh, Pa. 15213. Gen­
eral information is a\'"il"ble from Paul
A. Flinn, Carnegie In,tituie of Tech·
nolug~', Pittsburgh, P;l. 15::!13.

AOAC Annual Meeting
The 79tb annual meeting of the .-\.'­

'oeiation of Official Agricultural Chem­
i"ts will be held Oct. II t{) H at the
:'Ilarriott Motor HOll'l. 1'\\'i" Bridgc,.
"'a,hington, D. C. -,oled ,('i"llti"ts
\\"ill give addresses on topi('.~ :-::urh as
.o.:tatist.ics, modern in.3t1'lIlllenttltiull,

J:t:o:er beam applications, :llld or~[lno­

]"ptic techniques. O\'er 200 01 her St'i­
cntific papers on analvtical methods
will be presented on a "ariety of topies,
in('luding antibiotics, cosmetics, drugs,
feed" foods, food additives, fertilizers,
...:anita.f.ion analysis, microbiological a.s­
;-;a.n~, flavors, and others.

The banquet Monday evening, Oct.
ll, will feature Dr. Harold A. Wooster,
ORice of Scientific Research, United
"r·ates Air Force, who will speak on a
topic of general interest. The American
Light Company will entertain. Anotber
import.ant event will be the presentation
of t·he Harvey W. Wiley Award to a
scientist who has made outstanding
contributions to analytical mcthod­
olog\·. About 35 exhibitors will show

Instantly Automate ...
. .. your procedures with ali-PYREX. L/I RE­
PIPETS' and Automatic Dilutors *. Using
your reagents and your bottles, complete
your procedures in 1/10 the time with far
greater accuracy-and without cleanup. Ab·
solute accuracy 1%, reproducibility:+: 0.1 %.
Just press a plunger to dispense, dilute,

transfer and mix volumes from microliters to

deciliters.

Handle any reagent safely, including
volatiles, chlorinated hydrocarbons, concen­

trated acids and alkalies. Integral oil' filters
keep reagents pure. No carry-over or cross

contamination.

Inexpensive-Dilutors $89.50, including
micro and macro tips. REPIPETS $45. Im­
mediate delivery in 1, 10. 20, and 50 ml.
sizes. Write for six-page brochure which

gives complete details and specific clinical

and chemical procedures.

*" Pdtents Pendlns, REPIPETS
(REpetitive PIPETS I dnd Dibtors

LABINDUSTRIES
1741A University Avenue, Berkeley. California 94703 • Phone: TH 3-0220 • Cable LABIND
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Internal Reflection
Spectroscopy Workshops

Wilks Scientific Corp. will sponsor
six two-day workshops on internal re­
flection spectroscopy at its head­
quarters in South Norwalk, Conn.
Dates for the courses are: Sept. 21, 22;
Oct. 5, 6; Oct. 19, 20; Nov. 9, 10;
Nov. 30, Dec. 1; Dec. 14, 15. There is
no charge for attendance but enroll­
ment is limited to 14 per session. For
more information write to Mr. Gregory
Propster, Wilks Scientific Corp., Box
441, South Norwalk, Conn.

The Society for Applied Spectroscopy
with 2600 members includes 24 local
sections devoted to the dissemination of
knowledge and information about spec­
troscopyand allied sciences. The Presi­
dent of the SAS is John R. Ferraro,
Argonne Nationa! Laboratory.

Industry Items
LKB Instruments, Inc., manufac­

turers and suppliers of laboratory
equipment, has moved to Jarger quar­
ters at Parklawn Drive, Rockville, Md.
20852.

Yolk Radiochemical Co. has opened
a fully-staffed sales office to service re­
search and clinical isotope users on the
Eastern seaboard. The address is 103
Grand Ave., Palisades Park, N.J.

Participants of the Undergraduate Chemical Research Symposium were (I. to r.):
Conrad Schmakel, University of Illinois; Ken Kosanke, Wisconsin State Uni·
versity; Collene Delaney, Purdue University; Ralph Allen, Cornell College; Jerry
King, Butler University; and William Kator (not shown), Indiana University.
This symposium was part of the Analytical Chemistry Summer Program held
June 8 to 11 at the University of Wisconsin, Madison, Wis. Prize winning stu·
dent papers were those given by Ralph Allen, 1st prize, and CoIlene Delaney,
2nd prize

Gel Permeation
Chromatography

A seminar for users of gel permeation
chromatogra phy will be held September
16 and 17 at the Sheraton-Boston
Hotel, Prudential Center, Boston, Mass.
The program will include a number of
papers by users of gel permeation.
Both formal and informal discussions
on various topics relating to the tech­
nique will take place. Infonnation on
this meeting is available by writing
Waters Assoc., Inc., 61 Fountain St.,
Framingham, Mass. 07102.

the btcst equipment and supplies in
appropriate analytical areas of interest
to the Association. Additional informa­
tion for those who wish to present
papers, to exhibit, or to obtain the
program may be obtained from Luther
G. Ensminger, Association of Official
Agricultural Chemists, Box 540, Ben­
jamin Franklin Station, Washington,
D. C. 20044.

SAS Affiliates with
American Institute of
Physics

The American Institute of Physics
has named the Society for Applied
Spectroscopy an affiliate member. The
Institute will provide publishing and
printing services for Applied Spectros­
copy, official journal of the Society.

Circle No. 161 on Readers' Service Card

• high resolution­
to 1 micron ~

• wider ranges­
to 500 psi

• for high temperature­
to 10000 F

• for cryogenic applica­
tions - liquid He,
O2 , N2 , etc.

• for corrosive applica­
tions - chlorine, bro­
mine, etc.

precision
pressure
gage

Write for Bulletin S-141-8

TI Precision Pressure Gages

are faster, easier to use - avail­

able for table top or relay rack

mounting in manual or servo­

nulling models.

Fused quartz Precision Gages,

Controllers and Systems are un­

excelled in any application re­

quiring precise measurement

and control of pressure.

vapor pressure NEWS

accurately I
~

With ~~,

FUSED QUARTZ

~
o TEXAS INSTRUMENTS

UI INCORPORATED
... O. 100>< eeo:>7 "CUS~O". T""...S "7000

.,. IOU'" """"ONN"" .. tiN"'''.... SW'TZ'...LA ..O 714
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TI consulted many gas chromatographers in designing new

servo/riter® II. The result is everything a chromatographer

could ask for- performance, convenience and dependable

trouble-free operation.

Take performance - no detectable deadband in servo/riter II

recorders. The new slidewire has infinite resolution and al­

lows the recorder to detect signals as small as 0.1% of full­

scale. Over-all accuracy is better than 0.25% at 1 millivolt

full-scale and at pen speeds as fast as 0.4 second.

ou'd think
I a tographer~

~-:-,;==-

desig ·s recorder;1
j

".s::._o- N
'-:

Trouble-free operation is assured by transistorized elec­

tronics, photoconductive chopper, plug-in assemblies and

rugged die-castings. For your next chromatogram, try a

servo/riter II recorder, available with 1 to 6 pens plus op­

tional integrator - wide chart, single pen model from $820.

-,
:; Convenience is unexcelled. Chart carriage drops forward for

easy paper changing; chart can hang free or be taken up;

" optional tilt-out writing platen permits notation of events.

~ Styled and packaged for the laboratory - with all major con·

I

. J='- trois up-front; range change by plug-in card; chassis is slide­
. _ mounted; rear door swings down for simple connection of

any chromatograph. And, servo/ riter II is available for table­

top operation or rack- mounting.

INDUSTRIAL
PRODUCTS
GROUP ~

o TEXAS INSTRUMENTS
'UI INCORPORATED

P. o. BOX 66027 HOUSTON, TEXAS 77006
118 RUE du RHONE GENEVA, SWITZERLAND
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London, K. H. Contact: Dr. W. George Parks, Gordon Resean h
to 27 Conferences, Uni\'ersity of Rhode Island, Kingston, R. I.
---- .-._-------------------

San Juan,
Incluucs analytical chemistry sessions. Contact:
Mendez. Box 2647 J Rio Piedras, Puerto Rico.

International Symposium on Macromolecular Chemistry, Prague.
Czpchoslm'akia. Includes section on methods used in research of
chemical or steric structure and properties of macromolecular
tompounds and S)Tstems, Contact: Organizing Committf'e, In­
iern ..ltional Symposium on Macromolecular Chemistry. 1888
Petriny, Prague 6, Czechoslovakia.

Fourth National Meeting of Society for Applied Spectroscopy.
lJclwer-Hilton Hotel, Denver, Colo. Contact: Merlyn L.
Salmon, Fluo-X-Spec Laboratory, 718 Sherman St., Denver, Colo.
Page 49 A, Mar.

11th Annual Meeting of the American Association of Clinical
Chemists. Sheraton-Park Hotel, Chicago, Ill. Contact: Mr.
.·\h·in Dubin, Cook County Hospital, Chicago, Ill. 60612.

23rd Annual Meeting Electron Microscopy Society of America.
Statler-Hilton Hotel. Kew York City. Contact: Dr. Leonard
Ross, Department of Auatomy, Cornell University Merlieal Col­
lege, 1300 York Ave., ):lew York City. Page 46 A, Apr.

International Symposium on Microchemical Techniques. 'Cni"el'­
:-it.'" Park, Pa. Sponsors: American Microchemical S()('iet~.
Il~P.-\C. Contact: Mr. Howard Francis, Jr., Pennsalt Chemi('a!'"
Corp .. 900 First :\ ve., King of Prussia, Pa. Page i5 A, Jul~·.

Annual Denver Research Institute X-Ray Conference. D€'Il\"l'r.
Colo. Conlacl: Denver Research Institute, Univcrs.ity of
Denver. Colo. 80210. Page 53 A, Mar.

Gordon Research Conference on Analytical Chemistry. ~ew

Hampton School, New Hampt.on, N. H. Contact: Dr. W. George
Parks, Gordon Research Conferences, University of Rhode Island,
h:ingston, R. 1. Page 49 A, May.

Twentieth Calorimetry Conference. Ames, Iowa. Sponsor: Insti­
tutp of Atomic Resf'ar('h, Iowa Slale University. Contact:
Halph Hultgren, Luiversit.y of California, Berkeley, Calii. Page
gO A, Feb.

8th Europ-e-an-S-p-ec-tr-o-sc-o-pY-Conference. Copenhagen, Deumark.
Conlact: Borge Bak, University of Copenhagen, Departrnent of
Chemical Physics, nnc Orstee! Institlltet, 5 Univer,itctsparcn.
Copenhagen, Denmark.

Aug. 14
to 20

Aug. 221
to 27

Sept. 1 to 3-International Symposium on Nuclear Magnetic
Resonance. Akasaka Prince Hotel, Tokyo, Japan. Contact:

Coming Events ))1'. Shizuo Fujiwar, Department of Chemistry, University of
Tokyo, Tokyo, Japan. Page 46 A, Aug.

Sept. 6 to 9-First International Conference on Thermal Analysis. Aberdeen, Scot­
land. Theme: Thermal Techniques anrl Their Applicauility. Contact: Dr. C. B.
Murphy, Bldg. 5. Rm. 159, General Electric Co., Schenectady 5, N. Y. Page 89 A,
Fcu.

Sept. 8 to 10-1965 Technicon International Symposium on Automation in Analytical
Chemistry. Statler-Hilton Hotel, New York City. Sponsor: Technicon Instruments
Corp. Contact: Edwin C. Whitehead, Technicon, Chauncey, N. Y. Page 46 A, Aug.

Sept. 9 to 12-EUCHEM Conference on Mass Spectrometry. Sarlat. France. Con­
tnc/: Prof. M. Fetizon, Ecole Polytechnique, 17 Rue Descartes, Paris 5. France.
Page 53 A, Mar.

Sept,.',l,....2
j
'
o
t
n
o lS7e-SSll05nO~h. Ncaotniotnacatl ..ACDSr.MJeoehtningK·. Atlantic City, N. J. Includes Ana1ytical

D '" _ ~ Taylor, National Bureau of Standard:-.
Washington. D. C. 20234. Page 39 A, Aug.

2nd Instrument Society of America Research Conference on
Instrumentation Science. \Villiam Smith College. Gene\"a, N. Y.
Cuntact: Karl B. Schnelle, Jr., 530 William Penn Place, Pitts-

_____ , I_"_ll_'g_h_,_P_H_._1_5_2_19_. _

Gordon Research Conference on Ion Exchange. New London,
~. H. Contact: Dr W. George Parks, Gordon Research Con­
ferCDl.:eS, Uni\-ersity of Rhode Island, Kingston, R. L

NEWS

Aug. 251
to 27

Aug. 251
to 28

Aug. 291
to Sept. '
2----,- -------------------

I
Aug. 301
to Sept. I

13 .

IAug. 301-
to Sept . .
4

~ .... BISHOP & CO.
~ PLATINUM WORKS

MALVERN. PENNSYLVANIA 19355

IN CANADA:
Johnson Matthey & Mallory Limited
110 Industry Street, Toronto 15..

Consider the
conditions under
which synthetic

rubies like the
one shown are

grown. The ex-
tremely high tem­

peratures alone
demand crucibles made

of IRIDIUM, and in some
cases RHODIUM. These ver­

satile precious metals are from
the Platinum Group Metals

produced by Bishop, who
make a complete line of pre­
cious metal laboratory ware.

• Platinum Group Metals offer
a combination of character­

istics that make it unrealistic
to use anything else. The

ability to withstand high tem-
peratures, the fact that they

do not oxidize. outstanding
corrosion resistance, excep­
tionally long life are a few.

Low cost is another. Platinum
Group Metals lab ware is very
economical to use. After years

and years of service. the original metal
can be recovered at a dollar value
almost equal to the cost of new metal
used to fabricate new laboratory ware.
• The next time you order lab ware,
make the soundest possible invest­
ment. Order' from Bishop. Start by
requesting Bulletin P-?

prefirreOin most operations
PRECIOUS METAL
LAB WARE
BY BISHOP.- -

.~~

IN THE U.K.:
Johnson Matthey & Co,) Limited
73-83 Hatton Garden, London E.G. 1

--E--- Circle No. 24 on Readers' Service Card
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Sept. 13-5econd Symposium on Bwlogical Applications of Gas Chromatography.
Ecole Polytechmque, Pans, France Contact. G. Gmochon, Ecole Polytechnique,
17, rue Descartes, ParIs 5, France.

Sept. 13 to 18-National Meeting of the German Chemical Society and Kekul~ Cen­
tennial. Includes Analytical Chemistry Section Meeting on Electroanalysis of Or­
ganic Substances. Contact: KDCh-Geschiifsstelle, FrankIurt (Main), Postfach
9075, Germany.

Sept. 15-Symposium on Thermometric Titrimetry. Birmingham University. Con­
toct: M. L. Hichardson, John & E. Sturge Ltd., LilIord Chemical Works, LilIord
Lane, Kings Norton, Birmingham, 30, England. Page 51 A, Mar.

Sept. 21 to 2-Sixteenth Testing Conference, TAPPI. Netherland-Hilton Hotel,
Cincinnati, Ohio. Contact: A. Edward Dembitz, Technical Association of the Pulp
and Paper Industry, 360 Lexington Ave., New York 17, N. Y.

Sept. 22 to 24-Fourth Annual Meeting on the Practice of Gas Chromatography.
Sheraton-JelIerson Hotel, St. Louis, Mo. Sponsor: Committee E-I9 on Gas
Chromatography of ASTM. Contact: Nathaniel Brenner, Perkin-Elmer Corp.,
Main Ave., Norwalk, Conn.

Sept. 22 to 24--Fourth Annual Pacific Conference on Spectroscopy, Instrumentation,
and Chemistry. Huntington-Sheraton Hotel, Pasadena, Calif. Contact: W. T.
Barnes, General Dynamics Corp., Pomona, Calif. Page 44 A, Apr.

Sept. 25-3rd International Meeting, Journ~es Internationales de la S~paration Im­
mMiate et de la Chromatographie. Athens, Greece. Contact: Dr. G. Pat,ssakis,
Professor of the Technical University of Athens, G. A. M. S., 1 rue Gaston BOISSler,
Paris 15e, France. Page 54 A, Mar.

Sept. 27 to 28-Informal Conference on Vacuum Microbalance Techniques. Nassau
Inn, Palmer Square, Princeton, N. J. Contact: Dr. Klaus H. Behrndt, Bell Telephone
Laboratories, Murray Hill, N. J. Page 54 A, June. . .

Oct. 4 to 6-Meeting on Industrial Organic Analysis. Draw.bndge ~nnJ Sa.rma, On­
tario. Sponsor: Analytical Chemistry Division of the Chemical Institute of Canada.
Contact: R. M. Small, Research Department, Polymer Corp., Ltd., Sarnia, Ont.,
Canada. Page 50 A, Mar.

Oct. 4 to 7-20th Annual Instrument Society of America Conference on Instrumenta­
tion and Exhibit. Sports Arena, Los Angeles, Calif. Contact: ISA, Penn-Sheraton
Hotel, 530 William Penn Place, Pittsburgh, Pl'. 15219.

Oct. 4 to 7-Annual Research Equipment Exhibit and Instrument Symposium. Na­
tional Institutes of Health, Bethesda, Md. Contact: James B. Davis, National In­
stitutes of Health, Bethesda, Md. 20014. Page 55 A, June.

Oct. 10 to 14-Fifth Annual Conference on Pharmaceutical Analysis. King's Gate­
way-Land O'Lakes, Wis. Contact: The University of Wisconsin, School of Phar­
macy, Madison, Wis.

Oct. 11 to 14-Association of Official Agricultural Chemists 79th Annual Meeting.
Marriott Twin Bridges Motor Hotel, Washington, D. C. Contact: Luther G.
Ensminger, Association of Official Agricultural Chemists, Box 540, Benjamin Franklin
St.ation, Washington, D. C. 20044. Page 47 A, Aug.

Oct. 12 to 14-Ninth Conference on Analytical Chemistry in Nuclear Technology.
Mountain View Hotel, Gatlinburg, Tenn. Contact: Mr. C. D. Susano, Oak Ridge
Kational Laboratory, P. O. Box X, Oak Ridge, Tenn. 37831. Page 45 A, Aug.

Oct. 13 to 19-INTERKAMA, International Congress and Exhibition for Instru­
mentation and Antomation. Diisseldorf, Germany. Contact: Nordwestdeutsche
Auastellungs- und Messe-Gesellschaft mbH, 4 Diisseldorf 10, Postfach 10 203, Ger­
manyI Allemagne.

Oct. 18 to 2~TwelfthOttawa Symposium on Applied Spectroscopy. Ottawa, Canada.
Contact: R. V. Baker, Aluminum Co. of Canada, Ltd., Arvida, Quebec, Canada.
Page 45 A, Apr.

Oct. 18 to 21-Third International Symposium on Advances in Gas Chromatography.
Sheraton-Lincoln Hotel, Houston, Texas. Contact: Prof. A. Zlatkis Department of
Chemistry, University of Houston, Houston, Texas. Page 44 A. Aug'

Oct. 18 to 22-2Sth National Convention of the Society for Nondestructive Testing.
Embassy Hotel, Detroit, Mich. Contact: Society for Nondestructive Testing, Inc.,
914 Chicago Ave., Evanston, Ill.

Oct. 19 to 21-13th Anachem Conference. Wayne State University, Detroit, Mich.
Contact: Dr. George Schenk, Department of Chemistry, Wayne State University, I

Detroit, Mich. 48202. Page 45 A, Apr.
Oct. 31 to Nov. S-ASTM Fifth Pacific Area National Meeting and 4th West Coast

Msterisls Testing Exhibit. Olympic Hotel, Seattle, Wash. Contact: American
Society for Testing and Materials, 1916 Race St.. Philadelphia 3, Pl'.

Nov. 3 to 5-Twenty-Third Pittsburgh Diffraction Conference. Mellon Institute,
P.ittsburgh, Pl'. Contact: Paul A. Flinn, Carnegie Institute of Technology, Pitts­
burgh 13, Pa. Page 47 A, Aug.

Nov. S to lS-First Midwest Regional ACS Meeting. University of Missouri, Kansas
City, Mo. Includes topics of interest to analytical chemists. Contact: John A.
Landgrebe, Department of ChemistrYJ University of Kansas, Lawrence, Kan.

Nov. 11 to 13-Third Conference on X-Ray Analysis, Japan. Osaka, Japan. Contact:
Kozo Momoki, Yokohoma National University, Ooka-machi, Minami-ku, Yokohama­
shi, Japan. Page 55 A, June.

Nov. 16 to 18-AtomFair '65. Sheraton-Park Hotel, Washington, D. C. Held in con­
junction with the annual conference of the Atomic Industrial Forum and the 1965
winter meeting of the American Nuclear Society. Contact: AtomFair, 850 Third
Ave., New York, N. Y. 10022.

Nov. 17 to 19-5eventh Eastern Analytical Symposium. Statler Hilton Hotel, New
York City. Contact: Bourdon F. Scrihner, Spectrochemistry Division, National
Bureau of Standards, Washington, D. C. 20234. Page 44 A, Apr.

Nov. 18 to 19-Conference on Compntational Methods in Crystallography. Institution
of Electrical Engineers, London, England. Conlact: The Institute of Physics and
The Physical Society, 47 Belgrave Square, London, S. W. 1, England. Page 54 A,
June.

I ~ontro/ costS!

Kiirifw
MOISTORE
CONTeNT
in fibers, grains,

semi-liquids, or solids .. ,

with a DIETERT-DETROIT
MOISTURE TELLER
Quickly and accurately determines
moisture content of any material.
Test is direct. No chemicals or in­
volved computation required.
Widely used in industry for re­
search, analysis and quality control
of foodstuffs, chemicals, fibers,
foundry sands, soaps, ceramics and
many other materials. Complete
range of models available.

HARRY W. DIETERT CO.
CONTROL EQUIPMENT

9330 Roselawn. DetrOit 4. Mlch

Send me your Moisture Teller catalog with prices.

Name _

Address' _

Company _

City
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3RD
CUMULATIVE
ANALYTICAL
CHEMISTRY

INDEX
1959-1963

The third ANALYTICAL CHEMISTRY IN·

DEX. covering the last five years is now

available. It contains a complete author

and subject index of every article and

fealure prinled in ANALYTICAL CHEM·

ISTRY during the period 1959·1963, vol.

umes 31 through 35 inclusive. This

useful reference volume costs only $7.

Gentlemen:

NAME

MAILING AODRESS

ZIP CODESTATE

o Bill Company.

Use the space below to order your copy
of this important index today_

o My payment is enclosed.

o Bill me.

Reprint Department

ACS APPLIED PUBLICATIONS
1155 161h 51., N.W./Washinglon, D.C.

20036

Please accept this as my order for__

copies of Ihe Ihird CUMULATIVE

ANALYTICAL CHEMISTRY INDEX (1959·

1963) al $7 each.

CITY

Electrode production and testing at Fisher/P,ttsburgh

When you need electrodes, check Fisher Scientific's
all·new line-every electrode is made by Fisher, indio

vidually tested by Fisher. and guaranteed by Fisher.

They can be used with any modern direct·reading pH
meter calibrated with zero potential at pH 7. Fisher
Full·Range glass electrodes can be used over the full
pH rangeof 0·14 and over a temperature range from a
frigid -5°C to a boiling 100°C. A comprehensive.

12 page illustrated booklet furnishes full information
on Fisher's new line of electrodes. Write today for
your free copy of FS·265. Fisher Scientific Company,
100 Fisher Building. Pittsburgh, Pennsylvania 15219

J·401

o FISHER SCIENTIFIC
COMPANY NAME

World's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals
Signature _

Complete stocks in these locations: Atlanla • Boston • Chicago • fort Worth • Houston • New Yor'
Philadelphia. Pitlsburgh • Sl. Louis. Union, N.J.. Washington. Edmonton· Montreal. Toronto

See Buyers' Guide for all products/sales offices.
Circle No. 38 on Readers' Service Card
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ICE went out with the Ice Man
PACE 32°F
Thermocouple Reference Junctions
require NO ICE, no refrigeration. The temperature is held
to within l/lO°F for years in unattended service by a
control system based on a precision resistor reference.
Ambient temperature can range from -65°F to +165°F
without affecting accuracy or stability.
PACE Thermocouple Reference Junctions are not limited
to 32°F reference temperature. Any reference from abso­
lute zero up to and beyond 2,OOO°F may be specified.
Most users now specify 150°F as standard. Field adjust­
able models also are available.

OTHER OUTSTANDING AVAILABLE FEATURES ...

The ice age is past. Write for complete catalog.

. .
eng~neerl,ng company

·100 Channel Capacity maximum
• Multi-wire Junctions
• Guard circuits for multiple common mode

noise sources
• Shielded circuits
• Choice of input and output terminations;

jacks, connectors, screw terminals
• Rack, Bench, Wall mount and Waterproof

configurations

PACE

Model BRJ18

13035 Saticoy Street North Hollywood, California
TRiangle 7·0727

Circle No. 141 on Readers' Service Card

AN ALYS I S

PESTICIDE

RESIDUE

Bulleti" 130 o uc'.c,
Cl Cl

o

Sample Cleanup
and

Detection of
Pesticide Residues

A complete catalog
of apparatus and materials,
with 70 selected references,
for analysis by
column, paper, thin-layer
and gas chromatography.

Specialized

Materials, Apparatus

and Accessories

with

Selected References

ensco I

Ask for our Bulletin 130 ­
Sent withoft! charge.

KENSINGTON SCIENTIFIC

CORPORATION

1165 - 67th Street Oak/'md,Califomia 94608
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LABORATORY
CHROMATOGRAPHS
FRACTOVAP mod. E
ROUTINE

• SIngle or du')l column, dependIng on the
various Units

Isothermal. ballistic, or lInear temperature
programming, depending on the various Units

• Interchangeable detectors: katharometers,
single or dual FlO, elec:lron capture

• Interchangeable vaporizer. stainless steel.
glass. noble melals. elc.

• Complete gas regulating groups for carrier
and aUliliary, depending on the various Units

• High temperature: detector: up to 400' C
column: up 10 400' C
vaporizer: up to 500~ C

• Wide choice of accessories:
gas sampler

gas stripper

pyrolyzer

Integrator

FRACTOVAP mod. D
RESEARCH

• Single or dual column

• Isothermal or automatic linear temperature
programming

• Interchangeable deteclors: katharometers,
single or dual FlO, electron capture

• Interchangeable vaporizer: stainless steel,
glass, noble metals; etc.

• Constant pressure or flow opera lion
Complete gas regulating groups for carrier
and aUllillary

• High lemperalure:

vaporiur- 50 - sooe C

column: 50· 40500 C

detector: 50. 450· C

WIde choice of accessories:

gas sampler
gas stripper
pyrolyzer

integrator

FRACTOVAP mod. P
PREPARATIVE

• Preparative and analytical chomatograph
• Single or dual column system

• Isothermal or automatic linear temperature
programming

• High-capacity automatic injector: 0.1 12 ml

• High-efficiency. large-bore preparative
columns

• Fast healing (50 - 300- C in 10 minutes) and
cooling (300 - 50' C in 5 minutes)

• Automatic peaks selector and peaks height
discriminator

• Programmed fraction collector and sealed
condensate cuvettes

• Carrier recirculation system (optional)
• Complete automatic and unattended operation
• Temperature ranges: vaporizer 50· 350· C

column oven 50 - 300' C
detector 50 - 350- C

Flame ionization detectors (optional)

For further information please ask for
the issue DT 50/7 E

For further information please ask for
the-issue DT 107

For further informali.on please ask for
the issue DT 104
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The Integrator installs on standard strip chart recorders for personnel. For additional ordering information, contact
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but can also be used to integrate any variable. In addition to Company' The Bristol Co.• Datapulse, Incorporated. E. H.
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Acid-Base Equilibria. Edward J. King .

.ri + 341 pages. The Macmillan Co ..
liD Fifth Ave., New York, V. Y. 1.9[;.';
SI7.50.

Reviewed by Roger G. Bates, Na­
tional Bureau of Standards, Washing­
ton, D. C.

In his preface to this volume, which i"
part of a series designated collectively
"The International Encyclopedia of
Physical Chemistry and Chemical
Physics," the author states that his aim
has been "to write a survey that is com­
prehensive and up to date but not
exhaustive." He adds "Topics such ae
neutral salt effects and the pressure
c.Qefficient of acidity constants, which
He slighted in briefer treatments, have
been covered." A casual perusal of this
excellent book is sufficient to convince
one that the author has fulfilled his aim
in admirable fashion. Indeed, in my
opinion he has produced the most au­
thoritative and readable exposition that
h,"S appeared on this subject.

Professor King's style is clear and
straightforward; his development of
the subject is logical, and the tre,"tmcnt
sHikes a nice balance between thc
theoretical and the phenomenological.
Tables of useful data, many deri"ed or
recalculated by the author, are a valua­
ble feature of the book. Coverage of
the literature is necessarily selective
rather than exhaustive but reflects a
wide familiarity with the key develop­
ments. A subject index and an author
iudex, too often omitted these days, add
to the usefulness of the book as a ref­
erence. A section on notation appears
:l t the beginning of the volume. It fol­
lows IUPAC recommendations where
they exist and may well serve as a guide
to future authors in the field of electro­
Ivte solutions.

The book consists of 12 chapters,
one half of which discuss specifically
the methods most useful for deter­
mining acidity constants. Conduct­
:iIlce, e.rn.f., pH measurelnents, and
optical methods are all dealt with
soundly and with a breadth of view
that transcends their application 10
acid-base measurements alone. Samplc
calculations are given; they shoultl
prove invaluable to anyone determining
:l pK value for the first time. The au­
thor has carefully assigned units to all
quantities. One wonders, however, if
the growing tendency to give units to
equilibrium constants (e.g., mol kg-I)
should not be discouraged when the
scale of concentration has already been
made clear.

Most of the novelty and excitement

comes in the last six chapter". Chapter
7 is a noteworthy survey of 46 pages on
the relation between acidity constants
and molecular structure. An attempt is
made to separate internal and environ­
mental effects in a useful way, while
soh-a bOll, induction and resonance, and
electrostatic treatments (including the
I<irkwood-Westheimer theory) are ex­
plored. The proton affinity is intro­
duced as a useful concept. However,
the reader, noting that the present val­
ues for the proton affinity of ethanol
are considerably greater than those for
wa ter and nearly as large as those for
ammonia, is unlikely to ha"e great con­
fidence in the methods for measuring
this quantity.

Temperature and pressure effects on
pK are capably discussed in chapter 8.
It is hoped that. the excellent discussion,
illustrated ,,'ith actual data., will serve
as a warning to those who persist in
placing too much reliance on thermody­
namic data derivcd frOIll pJ( values at
too few temperatures. Chapter 9 on
polyprotic acids is a succe.,.,f,,1 treat­
ment of a difficult subject. 'The rela­
tionships among the experimeutally de­
termined "macroscopic" acidity con­
stants and the "microscopic" eOIl;stnnts
for the individual acidic groups are set
forth, and electrostatic interactions in
the dissociation of polyelectrolytes and
in the titration of proteins are de­
scribed.

The last three chapters treat medium
effects, acid-base equilibria in nona­
queous solvents, and acidity functions
clearly and systematically. There is a
good discussion of the relative basicities
of solvents and of electrostatic effects,
and the reader is left with the heartm­
ing thought that the failure of the liD
relntionship to account successfully for
soh'ent effects on pK is not, after all, a
ron\'jncing denunciation of the Dorn
eqllntion. - It i.::: surprising, perhnps,
that, King devotes so little attention in
these chapters to solvent effects on the
pI< of cation acids, where the isoelectric
character of the dissociation process re­
duces considerably the errors in esti­
mating electrostatic terms. J\fedium
effects for the hydrogen ion, in p:nti('l1­
Inc the work of Grunwald and his as­
sociates, might appropriately have been
considered here as well.

A careful reading of this book re­
vealed only a handful of typographical
errors and even fewer additional errors
of any importance. They nre inrol1:,,('­
quential defects in a "olume that shollIeI
be recei"ed enthusiastically by all who
deal with the pervasive but often ob­
scure domain of acid-base hehavior.

Practical Chromatographic Tech­
niques. A. H. Gordon. J. E. Eastoe.
"iii + 21)0 lJages. D. van Nostrand
Co ... Inc. 120 Alexander St., Prince­
tall. :Y. J. m64 87.95.

Reviewed by H. K. Mangold, Uni­
versity of Minnesota, The Hormel In­
stitute, Austin, Minn.

Accordiug to the authors, this book
"is directed towards the interests of the
beginner" who wj~hes to acquaint him­
self with established chromatographic
techniques. It is written in a fluent
and lucid style which is a pleasure to
read.

The principles of chromatography
are skillfullv deseribed in sufficient de­
tail for easy comprehension.

Approximately one third of the
treatise is devoted to ion eJiChange
chromatography in columns and on
paper, and another large segment to
partition chromatography on paper.
Fractionations of amino acids and pep­
tides are dealt with rather intensiYely;
examples of such separations are pre­
sented, and working conditions a.re de­
scribed in some detail. This emphasis
on water-soluble natural products re­
flects the major research interest of the
author3. In their opinion, chromatog­
raph~" based on adsorption i" less often
employed than either partition or ion
exchange chromatugraph~·. As a conse­
quence, only the principles of adsorp­
tion chromatography are explained, and
very well, whereas examples and experi­
mental conditions applicable to the var­
iou~ fonns of adsorption chromatogra­
phy are omitted. Similarly, reversed
phase partition chromatography, on
paper, is mentioned only in passing (p.
94).

Both thin layer chromatography and
vapor phase chromatography were well
established when this book appeared,
and these techniques still are being
practiced very widely anti most success­
fully. Nevertheless, thin la~'er chroma­
tography is treated only briefly, at the
rnd of the "olume, more or ]P3S as an
appendix, and vapor phase chromatog­
raphy is merely mention~tl. The lat­
ler technique is said to be dealt with "in
another volume in this (?) series" (p.
10)

Untler the heading "The Literature of
Chromatography" (]l. 41). t he authors
refer to a few scientific journals "which
"hould permit the rea tier 10 trace any
information reql1in'd." Thr ~r('ond edi­
tion (1957) of the textbook "Chroma­
tography" by Lederer and L~derer, also
is mentioned but more rerent and more
extensive treatises, are not listed. In
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the reyiewer'~ opinion, t·he following
booko should have hN'n included:
Lederer's t,,·o volumes "Chromatogra­
phie en chimie organique et hiologique"
of 1959-60, t.he standard text "Chro­
matography" by Heftmann (1961), and
the comprehensivp work "Paper Chro­
matography" by Hais and Macek
(three volumes, 1963-64)

In genera.l, reference to original pub­
lications i, limited to papers that ap­
peared fiye years ago, or even earlier.
While acknowledging the difficulty in
choosing the most significant contribu­
lion" from the flood of recent literature,
it i, felt that refercnces to fairly new
publications should be made in a book
dealing with a rapidly developing field
such as chrom3tograrh~".

A monogra.ph tha t em phasizes the
"practical point,," .-hollid infonn the
rea.der about source.' of commercially
available supplie, alld e'luipment. The
authors have made an "ttempt to pro­
vide this infonllation. But, can the
majority of reader> he expected to
know that "L.KB.'· refcrs to LKB­
Produkter AB, Stuckholm-Bromma 1,
Sweden-e.g.) pr. 51, 52, or where liB
.J. Elliott, Ltd" is locat cd ?

A list of conuncrcial fraction collec­
tori' (pp. 62-63) mcntions manufac­
turers but dops not provide their ad­
dre.'.'eo. Silllila.r1y, ". table (p. 69) spec­
ifying tltl' {·hame-teri.;;:tics of "Thatman
papers and their applicability in chro­
m:llography may be useful, but the
reader probab'" will \\'i,h to knolV thc
address of th,' manuf:lcturer or dis­
tributors.

In the revic\\'er's opinion, the favora­
ble aspects of this book a rc greatly di­
miuished by the authors' failure to a.c­
complish their primal'\' objective-to
help "the rca del' to bllild up a working
blow/edge of C'hromatography."

Treatise on Analytical Chemistry.
Part II. Analytical Chemistry of
the Elements, Volume 6. I. M.
{{olthoff and P. J. Elvina, editors
,eith the as.,istanee of E. B. Sandell.
x.cii + 627 paaes. intersdence Pub­
lis/wI'S. inc.. 605 Third Ave., N elL'
York 16. JY. Y. 1964. 823.

Reviewed by Donald T. Sawyer,
Department of Chemistry, University
of California, Riverside, Calif.

This is the eighth volumc to be pub­
lished of p:Ht II, Analytical Chemistry
of tll(' Elenlt'nt.3, and bring:; this pa.rt of
I he Trc:ltise to within t\\'o or possibly
,hrec "olllllWs of completion. Several
jlIT'Yiol1,": rc\"jpwE= of oth('r volumes from
hoth Part I and Part II ha"e appeared
in _-\~:\LY'fIC.\L CHE)IISTRY <lnd have
discu-''''01 the .'eope and philosophy of
the entire Treatise. The .goal for Part

II, a, st:ttcd by the editors, is a clitical
revie\\' of the analytical cbemistry, in­
organic and organicJ of a.1l the elemel'lts.

Volume 6 contains five chapters by
seven different authors: Beryllium
(B.R.F. Kjellgren, C. W. Schwengfeier,
.Jr., and E. Stanley Melick); Lead (1'.
W. Gilbert, .Jr.), Niobium and Tanta­
lum (Silw Kallmann); Technetium
(J"mes W. Cobble); and Actinium, As­
tatine, Franciwn, Polonium, and Pro­
tactiniwn (Jacob Sedlet).

For some time there has been a need
for a concise and modern review of the
analytic,,1 met hods available for beryl­
lium, lead, niobium, and t3.ntaJul11.
The three chapter> devoted to tho;e ele­
ments meet this need and provide an al­
most exhaustive summary of their ana­
lytical chemistry; this is particularly
true for niobium and tantalum. .-\ well
chosen balance bet\\'een classical ;lnd in­
stnuncntal methods has been selected
to gi'·e readers a sound background of
the ayailable methods and their relati\'e
merits. The selectivity and specificit,'
of the methods are presented in a e1e:,,'
and useful manner which should ensure
that these three cha pters will m:lintain
their usefulness for many years .

As in the past, each chapter begins
with a fairly complete summary of the
histor.\·, occurrence, industria.l use!3.
production, toxicology, physical and
chemical properties. and sampling
problems for each element and its com­
pound.. This is followed by an o\'erall
review of the available methodi' of de­
tection and analysis, both physical and
chemical. Next, the most important
methods and procedures are discussed
critically and in detail. Finally, .'c\'eral
specific procedures are recomm("lHled
together with detailed instructions.
Each ch:lpter is concluded with an ex­
tE'nsiy~ ~et of reference-'.

The last t,,·o chaptcrs are de'·ol·ed to
the chemistry and methods of analysis
for n group of radioactive elements, all
of which are either synthetic or mem­
bers of " decay series. The chapter on
tc(·hnetium providcs an up-to-date
summ"ry of the chemistry for thi, 20th
century element as well as a review of
the kno\\'n chemical methods of anah·­
,is. A complete discu»ion of user'ul
separation procedures and radiochemi­
cal mC'tho(h~ also is gi\-l'll.. The fin:ll
chapter discusses five relativeh' unim­
portant elements; the material proba­
bl.\' i~ of interest only to those con­
cerned \\'ith radiochemistry and it.- ana­
lytic,,1 problems. This is not t.o imply
that the chapter is poor or incomplete,
but that these elements occur in ex­
trentel,' i'pecialized situations.

In Hlmmary, analytical chemists \\'ill
find a major portion of this volume an
almost essential addition to their ref­
erence libr:1I"·' Hopcfnlly the editors
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,·.. ill be able to complete Pa.rt II of the
Treatise in the near future and thereby
proyide a readily available compre­
Iwnsive summary of the analytical
chemistry of the elements 'lIld their
compounds. READY...SET TO GO!

Zip.
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The Solvent Extraction of Metal
Cbelate.. Jiri' Stary. xiv + 21,0
pages. Macmillan Co., 60 Fifth Ave., I

Sew York 11, N. Y. 1961,. $8.-50.

Reviewed by George H. Morrison,
Department of Chemistry, Cornell
University, Ithaca, N. Y.

Although remarkable advances have
been made in the direct determination
of elements by modern instrumental
methods, chemical separations continue
to play an important role in the analy­
sis of complex materials. This book
treats in detail one aspect of the broad
field of solvent extraction separations,
namely the interaction of cations with
~llitable organic chelating agents.

The treatment of the subject is well
organized and starts out \\~th a chapter
on the composition and stability of
lIlet-al chelates in which the chemistry
of chelate complexation is clearly pre­
.'cnted. This is followed by a chapter
on the theory of solvent extraction of
metal chelates in which the partition
equilibria are expressed by a number of
relatively simple equations that relate
cxtractability to the various pertinent
experimental parameters.

It is in the treatment of the analyti­
nd applications of metal chelate extrac­
t ions that the author has done a great
,en'ice by collecting the grea t wealth of
material that has accumulated in the
literature in the past decade, including
a fair number of papers not readily ac­
cessible to the Western world. These
extractions are organized in this book
,'ccording to systems employing the fol­
lowing reagents and their derivatives:
.B-diketones, tropolone, 8-hydroxyquino­
line, oximes, nitrosophenols, nitrosoaryl­
hydroxylamines, hydroxamic acids,
1-(2-pyridylazo)-2-naphthol, 8-mer­
captoquinoline, diphenylthiocarbazone,
rlithiocarbamates, xanthates, dialkyl­
"nd diaryl-dithiophosphoric acids, di­
thioIs, and miscellaneous reagen ts. This
section is particularly useful in that
Ihe author has included extraction
f'urves---e.g., % E vs. pH of aqueous
phase--for many elements in a number
of the more popular chelate systems.
.-\Iso included are detailed tables with
optimum conditions for extraction.

Finally, one selective procedure for
t he isolation of each of forty-eight met­
.. tis in the form of a chelate complex is
presented.

An attractive feature of this book is
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GUARANTEED
PERFORMANCE
From its recently expanded column
preparation and testing facility, F & M
now offers pretested columns backed by
a specific performance guarantee, for
use with any past or present F & M
Gas Chromatograph.
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tory, these new columns gi ve F & M one
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anywhere:
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fications; we'll be glad to send you a
quotation, without obligation.

F & M Scientific Corporation, Route
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the compilations of stnbility constants
01" metal ion complexes with a number
of masking agents, extraction constants,
and pH ,/ values for a sizeable number
of metal ion chelates, and dissociation
constants and solubility data of organic
reagents.

Of special interest is the description
of the technique of substoichiometric
detcrminations developed by Ruzicka
and Stary. This method, which per­
mits the determination of a metal with­
out its quantitntive isolation from the
analysis sample, is pnrticularly useful
when used with activation analvsis or
isotope dilution analysis. In the -former
case the selectivity of separation is in­
creased, and in the latter the sensitivity
of the method is substantially increased.

While it does nOl introduce any new
concepts, this small book provides a re­
cent comprehensive treatment of the
subject of metal chelate extractions
which should serve as a good additional
reference book to chemists concerned
with separations problems.

Coincidence Tables for Atomic Spec­
troscopy. Josef Kuba, Ludvik
K utera, Frantui'ek Plzak, Miloslav
Dvorak, Jan Mr6z. xxxi + 1136
pages. Elsevier Publishing Co., Inc.,
52 Vanderbilt Ave., New York, N. Y.
10017. 1965. 828.50.

These tables contain the principal
lines for emission spectral analysis to­

, get her with coincidences within the
wa"elength range from 2000 to 9250 A.

Formula Index to NMR Literature
Data. Volume 1: References
Prior to 1961. M. Gertrude
Howell, Andrew S. Kende, John S.
Webb, editors. xi + 206 pages.
Plenum Press. 2227 West 17th St ..
New York, N. Y. 10011. 1965'.
817.50.

This volume is designed to provide a
htenl,ture guide to those organic com­
pounds ha"ing proton magnetic spectra
described in whole or in part in the lit­
erature up to 1961. Over 2500 com­
pounds are identified by empirical and
strurtuml formulns or b~' trivial name.

Tro-nslatars and Translations: Serv­
ices and Sources in Science and
Technology, Fmnces E. Kaiser,
editor. Second edition. 224 pages.
Special Libraries Association, 31 East
10th St., Ne1c York, N. Y. 10003.
19n.5. 811,.50.

This yolume contains information on
470 free-lance translators and 87 com­
mercial translating finns located in the
United States, Canada, and Europe.

Included are names, addresses, tele­
phone numbers, education, profession" I
experience, volume of translating per­
fonned annually, and subject and lan­
guage proficiencies. Sources of transla­
tion information aud a large bibliogra­
phy are presented. There are five de­
tailed computer-produced indexes: lan­
guage, subject, geographical, publica­
tions, and international and national in­
formation centers, depositories, and
affiliated societies.

Uranium Carbides, Nitrides and Sili­
cides, Internat.ional Atomic Energy
Agency, 174 pages. National Agency
for International Publications, Inc.,
817 East 84th St., New York, N. Y.
10016. 1965. $4.

This bibliography contains 790 ref­
erences to the literature published dur­
ing the period 1961-1963. The ref­
erences Me presented alphabetically by
author. Author and subject indexes are
included.

Chemical Guide to Europe 1965,
187' pages. Noyes Developme"t
Corp., 16-18 Railroad Ave., P. O.
Drawer 900, Pearl River, N. Y
10965. 1965. $15.

This puhlicatioll describes the 1000
lending European chemical manufac­
turers in 18 countries with the following
informa tion: name and address, own­
ership, plant locations and products,
local subsidinries and affiliates, foreign
.,ubsidiaries and affiliates, principal ex­
ecutives, annual sales, and number of
('mployees.

Dictionary of Nuclear Physics and
Nuclear Chemistry. Hans Rau.
editm·. Second edition, revised. 351
pages. Reinhold Publishing Corp.,
430 Park Ave .. New York, N. Y.
IOO;?2. 1965. $8.75.

This volume contains approximately
eight thousand English/German nnd
German/English technical and scientific
!.('rm£o;: pertaining to uranium mining,
rcactor design and construction, nuclenr
fission, nuclear ehemistry, and iso­
tope research. Particular consideration
has been devoted to nuclear-physical
and nuclear-chemical symbols and llib­
hrE'yjations.

Nuclear Techniques in Analytical
Chemistry. Alfred J. Moses. vii +
11,2 pages. MacMillan Co., 60 Fifth
.4,'r.. Ne1c York, N. Y. 1965. $6.5(j.

This monograph contains ten ehap-
rers ;lOd six appendices which discms
the lise of radio techniques in analytical
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HEATED MICRO GAS CELL FOR GC-IR

INSTRUMENTS, INC.

532 South Rose Street
Anaheim, California 92805

CARLE

The Carle Heated Micro
Gas Cell is a small-volume
(2.5 cc) long-path flow cell
that can be used in several
ways. Used in series with a
conventional detector it is
well-suited to scanning slow
peaks or fast monitoring
pre-selected wave lengths
for functional group detec­
tion. It also functions well
with minimum sample in
static studies. Self-con­
tained heater adjusts to
250°C while cell maintains
thermal isolation from any
IR spectrophotometer. For
complete details contact:

The new Carle Solution
Fraction Collector meters
carbon tetrachloride or
other infrared solvents into
the chromatograph's efflu­
ent stream, mixing the sol­
vent and separated frac­
tions prior to their conden­
sation in small refrigerated
glass traps. Solutions of
fractions are transferred
directly from the traps to
the small (one microliter)
centrifuge cell by spinning
in a standard 50cc centri­
fuge cup. The centrifuge
cell's one microliter volume
fits entirely within the infra­
red beam, insuring maxi­
mum economy of trace
fractions. Fractions in solu­
tion are much simpler to
handle because of greater
bulk and the method is
equally applicable to vola­
tile or high-boiling com­
pounds. The new apparatus
and associated technique
eliminate fogging and aero­
sol formation while effici­
ently collecting and identify­
ing fractions in amounts as
low as a few micrograms.

GC-IR SOLUTION FRACTION COLLECTOR
chemistry. A brief review of the
fundamental concepts and definitions of
radiochemistry as well as a summary of
r"diation characteristics are presented.
The principles, procedures, and "pplica.­
tions of activation analysis are dis­
("u;sed in three chapters (40 pagcs).

Equipment designed for the safe han­
dling of isotopes as well a.s instrument.a­
tion for the preparation and detection
of labeled traccrs is described. Specific
procedures are given for the determil1<1­
tiun of uranium and thorium.

.\ chart of the nuclides, aeli"ation
data, counting standards, monographs
on the radiochemistry of the clements,
,md abbreviations conetitutc t1w con­
tents of the appendices.

In summary, a wide rangp 01 topit~

is covered in this "'ell documented
monograph.

The following can be obtained from
the _4merican Society for Testing and
.1[oterials, 1916 Race St .. Philadelphia,
Po. 19103.

Part 30, 1965 Book of ASTM Stand­
ards on Genera' Testing Methods;
Fatigue; Statistical Methods; Ap.
pearance Tests; Temperature
Measurement; Effect of Tempera.
ture on the Properties of Metals.
866 pages. Hard cover. $14.; to
_4STM members, $9.80.

This "olume contains 98 standa.rel,; of
which 329'0 are new, revised, or changed
ill status since the 1964 edit.ion. Tests
for ductility, compression, conditioning
;lIld \\-eathcring, dcn~it.'·. p!;l;,:tir pl'oprr­
rie$. hardness, imp:lct, hnear rherm,ll
l<\:pansion, microscopy, rhrnlogicn!
properties, shear and torsion ..'illbsic\"e,
rrllsioll 1 and thickness :1rr pn';.:rllkd.

.\pparatus for testing :111<1 other
,·h:lpters are included.

Part 31, 1965 Book of ASTM Stand­
ards on Metallography; Non­
destructive Testing; Radioisotopes I

and Radiation EHects; Industrial
Chemicals; Emission, Absorption, I

and Mass Spectroscopy. 740
pages. Hard cover. $18.; to ASTM
members, $9.10.

Thi~ volume contains 6';"' standards of
whie-It :250/0 are new, revised, or changed
ill .'t"tus since publication of the 10R4
(·dirion.

ASTM 1964 Gillett Memorial Lecture
"Materials Trends and Significant

Testing" by f.latholi E. Promi,,';t'l.
.:" pages. 81.50; to ASTM mpmbers.
·';1.05.

This lecture presents trends ill ma­
terials research and development, using
specific metallic and nonmet'lllic areas
and probable applications as example<,
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U. S. Government
Publications

problcm~ uf testing ror assessing beha,'­
ior characteristics and for quality con­
trol, and some related tests, dome'tic
and international test programs, result..;
and interpretation".

Analytical Chemistry Division An­
nual Progress Report for Period
Ending November 15, 1964. 13.,
pa.ges. [inion Carbide for the A EC.
Order (JRYL-3750N. $5.

Indexes to the Oak Ridge National
Laboratory Master Analytical Man­
ual. Revision 2. Hclen P. Ran,,,
and .liOl .'i. Klein. editors, v + 1;·5
l'''Ocs. United States Atomic Ellerru
('omnll,"jsio1t. Dil:ision of TecJulicG'
Illfonl/Cllion, Oak Ridge Nationo
Laboratnrll. Oak Ridge, Tenn. 1.9(;.,
·\'1.i:i.

NEW BOOKS

The fol/!Jwing publications are availabl(
from the Clearinghouse for Federal
ScientiflC and Tech"icaJ. Infomwt;"".
u. ~. Department of Commer,.c.
Springfield. Va. 2'2151.

A Report Guide to Gamma Radio­
graphic Literature, AD 612 04.3.Y.
84. A Report Guide to Thermal
Testing Literature, AD 612 04.J.Y.
82. A Report Guide to Liquid
Penetrant Literature, AD 612 044.Y.
83. A Report Guide to Literature
in the Fields of Fluoroscopy and
Remote Viewing Techniques. An
6]2 046X. 82. A Report Guide to
Autoradiographic and Microradio·
Literature, AD 612 047N, $2. Arlll!!
,'VIatc.riols Technology Divi.,ioll.
Watertou·". Jlass. Aug. ]964

The main objective of these compil,,­
lion; i- to provide simple and fa.,t ,,("­
cess t(, informa.tion on testing and to
pro,·idt, ,ufficient information in the
form of ab;t.racts ano! word descriptor.
to m:,kl' thl' li,tings useful.

The details of the design and con­
struction of a prototype con 1rolle,[­
potential d.c. polarograph-volta111ml'ter
are pre;entl'd. The device was bllilt for

I ll~e wi! h short droptime SmaleI' verti­
cal-orifice dropping-mercury elect rodt··
and ..;oJid \\'orking electrodes, AlslJ co'··
ercd in t·he report are the constrnctioll
of high srnsitivity coulometric tit.r;llor~.

a ~:1.fet,· circuit for the multiplier pho­
tOlnll,. of the :--[odel VII Aame 81'e,·0·0­
phOrOnH'!f'1'. Ann\ytical studies of mol·
ten :-:,llt ti~'st('rns, the effects of radiation
on allnlyrir,11 mrthurls, and the chemjc':l)
nnnl.'·,l;:j" of nt!\','1n('C'd reactor fupL..; lI'l'

include, I.

Zr
Zn
y
V
U
W
Ti

So
11
Te
1a
Sf
Na
Ag
Si
Se

t Rh Ru Sm •

Cat. No. 391000-IEC 8·20
High-Speed Refrigerated

Centrifuge. complete,
without rotors

The 8·20 offers programmed, one-knob
outomation. No comparable centrifuge
does!

The 8·20 offers a .. X 250 ml copacity in a
swinging bucket head. No comparable
centrifuge doesl

Plus a smooth-walled stainless steel chamber,
low noise level and virtually no maInte­
nance!

Write 'oday for complete dato.

What you need in Hollow Cathode Lamps
for Atomic Absorption is higher spectral
intensity, dependability, widest selection
of elements, longer life, and rapid ser­
vice. Aztec offers all these qualities. All
Aztec H.C. Lamps have quartz windows;
lamps are available based and unbased.
Prices are lower than for competitive
products. Now You really can afford "new
lamps for old." All lamps are tested and
manufactured to rigid specifications of
internationally-famous scientists. Off­
the-shelf availability assures same-day
shipment. Catalog and Price List sent
promptly on request. Also, ask us about
our complete line of Osram Discharge
Lamps, and AA Spectrometry Equipment.

AZTEC INSTRUMENTS. INC.

2 Silverbrook Road, Westport, Connecticut

LET'S GET "ELEMENTARY"!

WAY

ANO

NOW

Na/K

Ca/Mg

Na/K/Li

PLUS

MORE

ON

THE

Send For List of Our Fiscal Year­
End Inventory Close-Out Specials!

THE NEW
@B-20
HIGH SPEED
REFRIGERATED
CENTRIFUGE
Delies Comparison!

The 8-20 offers more than anything on the
marketl
The 8-20 offers 46,300 g. No comparable
centrifuge does!
The 8-20 offers closer temperature control
and more head stability because of its new
Turbo-Cover, which directs a whirling vorteJl.
of oi, pteiSure to stabilize the new belt·
driven, flexible shaft. No other centrifuge
has it!

Mg NL NO ;i~ h IIrl

See Buyers' Guide for all products/sales offices.
Circle No. 105 on Readers' Service Card
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AI
Sb
As -@I!~l-----
Ba
Be
Bi
B
Cd
Ca
Ce
Cr
Co
Cu
Gd
Sa
Ge
Au
Hf
In
Ir
• Fe La Ph U

®
/~ RTANDAs~p?cv~~IENTIFIC

808 BROADWAY 601 RODIER DRIVE 332 HARBOR WAY
NEW YORK N Y 1000, GLENOALE CALIF 91201 SO SAN FRANCISCO CALIF 94080

L:::: 1I11-- LABORATORY APPARATUS • REAGENTS AND CHEMICALS

Circle No. 84 on Readers' Service Card



The EASTMAN CHROMAG RAM System for thin-layer chromatography

consists of EASTMAN CHROMAGRAM Sheet and EASTMAN CHROMAGRAM

Developing Apparatus. It makes TLC - once messy

and cumbersome - fast, neat, and uncomplicated. Gone are the bulk

and expense of coating equipment and the problems of breakage and

siliceous dust. You take EASTMAN CHROMAGRAM Sheet out of a box,

spot it,

/

, ~""""~~

--~
"(, ~

place it in the EASTMAN CHROMAGRAM Developing

Apparatus, and separation begins.

EASTMAro; CHROMAGRAM Sheet comes in two types: Type
K301R with fluorescent indicator and Type K301 R2 without
fluorescent indicator. Both types are inert poly(ethylene
terephthalate) with an adsorbent layer of polyvinyl-alcohol­
bound silica gel 100 microns thick; over-all thickness is
0.3mm. The 20cm x 20cm sheets are packed 20 to the box.
They are easily cut to desired sizes and shapes-you need
stock only lhe one size.

EASTMAN CHROMAGRAM Developing Apparallls com­
prises two identical 23cm-square plates made with bosses,

ridgc:s, and flats that work togdh~r; a solvent trough, an
easel, and a pair of spring clips. The apparatus involves no
presaturation or lining with solvent-soaked filler paper. It
takes little bench space, and that only when in actual use.

You can obtain EASTMAN CHROMAGRAM Sheet and Ap­
paratus from your regular supplier of EASTMAN Organic
Chemicals. Also available directly from Distillatiun Prudllcts
I,"lltstries. Rochester, N.Y. 14603, at $35.50 for the appara­
tus and 523.20 per box of sheet (prices are subject to change
without notice and do not include transponation).

··CHROMAGRAM" l~ atrademarX.
PmntsapplieltlOl Distillation Products Industties is a division of Eastman Kodak Company I0.; I

Circle No. 31 an Readers' Service Card
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Three Differ,ent
Atomic Absorption

Instruments

"

FOR MULTI·ELEMENT ANALYSIS

The first direct reading polychroma­
tor in the atomic absorption field. A
precision analytical instrument for
high speed quantitative analysis of
very low concentrations of metallic
elements in agricultural. biomedi­
calor industrial samples.

• performs up to 600 analyses per
hour

• combines both atomic absorp­
tion and flame emission spec­
trometry

• sound-muffled HETCO' Burner
• choice of readout systems
• all solid state electronics
• determines up to 12 elements si·

multaneously

Model 82-600

FOR MAXIMUM VERSATILITY

Designed to handle difficult trace
metal analysis problems. this
Jarrell-Ash unit is the most versa­
tile atomic absorption spectrometer
available today. Based on the fa­
mous Model 82-000 Ebert Spec­
trometer. the system contains a
unique mUlti-pass optical system
and provides facilities for altering
system components and adding
new developments. Easy spectrum
scanning with electrical wavelength
drive!

• performs up to 120 analyses per
hour

• combines both' atomic absorp­
tion and flame emission spec­
trometry

• sound-muffled HETCO' Burner
(pre-mix burner also available)
standard meter readout or op­
tional direct plug-in recorder
readout
lowest possible detection limits
choice of interchangeable burn­
ers, gratings, photomultiplier
and hollow cathode tubes

• siX-lamp Hollow Cathode Turret
82-500 series

'~-.,-'=-",","_•.. "

FOR ROUTINE ANALYSIS

This Atomic Absorption! Flame
Spectrometer has been 'designed
specifically for routine analysis
where dependability,. ~implicity of
operation. compactness and price
are of prime importance:..-Many de­
sirable features of the more costly
instrument have !leen incorporated
into this budget· price atomic ab­
sorption spectrometer'.

• performs up to 120 analy_ per
hour

• combines both atomic absorp­
tion and flame emission spec­
rrometry '.

• sound-muffled HETCO' Burner
• standard meter readout or op­

tional plug-in recorder readout
pre-aligned optics

• reliable all solid state electronics
• requires less· than 3 .sq. feet of

bench space
• simple to operate - minimum

number of controls

Model 82-700

Need more convincing? Write for complete technical information about the instrument that interests you. Copies of new
16mm color sound movie "Atomic Absorption Spectrometry" now available. Write: Jarrell-Ash, Film Library.

• :."~1

'HETCO is the name of a new High Efficiency Total Consumption Burner by Jarrell-Ash

Ja.rrell
--Ash ANALYTICAL INSTRUM ENTATI 0N.SPECTROSCOPY' GAS CHROMATOGRAPHY· X-RAY OIFFRACTION • MASS SPECTROMETRY

JARRELL· ASH COMPANY· 510 Lincoln Street. Waltham. Massachusetts 02154
JARRELL-ASH (Europe) S. A., Rue de la Jaluse 6, Le Locle. Switzerland
NIPPON JARRELL·ASH CO.• LTD., Kyoto, Japan

See Buyers' Guide for all Ilroducts/sales offices.
Circle No. 121 on Readers' Service Card
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Model 11 Rapid Scan Chromatograph-Spectrograph

Model 16 GC-IR Analyzer Modification Kit

The Gas Chromatograph efficiently breaks
down a mixture into its components but
does not easily identify them - a job best
done by the infrared spectrophotometer.
When used together, the two techniques
make an analytical combination of great all
around usefulness.

Combining GC and IR - by no means an
easy task - is a specialty of Wilks Scien·
tific. Out of two years intensive research
have come three different instrumental ap· .
proaches, each of considerable versatility
and each designed to meet the circum·
stances of a particular laboratory.

The Model 11 Rapid Scan Chromatograph·
Spectrograph is a specially built infrared
spectrometer utilizing reflecting tube optics
and capable of high speed spectral record·
ing of GC fractions as they appear in the
carrier gas as well as normal speed spectral
recording of isolated fractions. Many modes
of operation are possible, giving the instru·
ment great flexibility. Sensitivity is in the
neighborhood of 0.05 microliter.

The Model 16 GC·IR Analyzer is a modifica·
tion kit that will fit on several different in­
frared spectrophotometers which also
makes use of the reflecting tube optical sys­
tem. On high performance instruments
equipped with scale expansion as little as
0.01 microliter is sufficient for identifica­
tion.

The MIR-15 Remote GC-IR Analyzer com·
bines thermo·e/ectric cooling and internal

G C SEPARATES, INFRARED IDENTIFIES
TOGETHER THEV MAKE A POVVERFUL TEAM

collect - analyze

reflection spectroscopy to trap a GC fraction
in a form that permits direct infrared analy­
sis. This device is an attachment that fits
most standard infrared spectrophotometers
without modification and does not require
that the chromatograph and spectrometer
be close together. About 0.5 microliter is
sufficient to provide a qualitative infrared
spectrum.

We will be pleased to help you determine
which of these instrumental approaches will
be best suited to your laboratory. Write for
details.

MIR-15 Remote GC-IR Analyzer Attachment \NILKS SCIENTIFIC
CORPORATION

SOUTH NORWALK. CONNECTICUT
Circle Nos. 154, 155, 156 on Readers' SerYice Car'

VOL 37, NO.9, AUGUST 1965 • 65 A



LOW-COST GAS CHROMATOGRAPH •••

There's one big difference between F & M's Series 700 Laboratory

Gas Chromatograph and other low-cost instruments: per·

formance. No matter how tough the sample, the 700 easily

handles it with results that often surpass those obtained with some of the high­

priced chromatographs.• These four chromatograms give you an idea of how the

Series 700 tames a wide range of tough samples.• Sample 1: A relatively complex,

hard-to-separate mixture of gases was handled with ease by the 700, with excellent qualitative and quantitative

results.• Sample 2: With its electron capture detector operating at only 1/500 of full sensitivity, the F & M 700

easily dHected 1 ppm of these pesticides, with almost perfect peak shapes.• Sample 3: This detailed "fingerprint"

identification of a complex epoxy resin was produced by the 700 in conjunction with a Model 80 Pyrolysis Unit

operating at 900°C, with excellent baseline stability .• Sample 4: Viscous, tough-to-handle plasticizers were easily

separated by the 700, with rapid column temperature programming between 140 and 300°C; note the near-perfection

of peak shapes.• Why does the F & M 700 perform sO much better than other low-cost gas chromatographs? Because

···TAMES TOUGH
SAMPLES

In the final analysis, it's F & M

the budget permits.• Write for Bulletin 7000 ... or call your F & M repre­

sentative. F & M Scientific Corporation, Route 41 and Starr Road, Avon­

dale, Pennsylvania; phone (215) 268-2281. In Europe: F & M Scientific

Europa N.V.. Basisweg lSloterdijk) Amsterdam, The Netherlands.
Circle No. 35 on Readers' Service Card

its designers nev8r cOluprOlnised perforn1ance standards in crder to keep the price down; instead, automatic features

for analytical convenience were left out but this was done in such a way that

even these can later be added to the basic instrument as the need arises and
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Quick-Change Osmometry

Same osmometer-plus! Now, within
the same hour, you can use it for meas­
urements at both 35°C and 135°C. Far
cry from the 24-hour shut-down that
once attended standard temperature
conversion!

The key to quicker temperature
switching lies in Hallikainen's Model
1361 Automatic Osmometer, now rede·
signed to add new capability to an es~

tablished top performer.
The new standard Model 1361 incor­

porates cartridge heaters and insula­
tion required for high-temperature 05­

lnometry. To convert from low temper­
ature to high temperature work. all you
need do is install an accessory thermo­
statted sample funnel and a spare cell,
with membrane and solvent in place.
Quick equilibration comes from pre­
cooking the spare cell in a Hallikainen
Tube Heater. Or equivalent.

The new Model 1361 retains all the
impressive performance features of its
predecessor, including: Direct-reading
digital readouts of osmotic pressure
within 5 to 10 minutes of sample injec*
tion; measurement accuracy on the or­
der of O.OJ cm over a to cm range (for
a full range of 5.000 to 500,000 MW):
a trim, bench-hugging 121/ x 15" X 13"
cabinet, with built·in chart recorder.

We're not suggesting that you quick.
change osmometers. But we feel Model
1361 warrants comparison with any­
thing you now own or are thinking
about buying. Why not send for the
product brochure today?

750 National Ct.. Richmond, Calif. 94804
Circle No. 124 on Readers' Service Card

Respondent'" living outside North Americ;l.
South America. and ,Tapan are invited to addreJ"s
their inquirie~ to: Hallikainen Instruments Ltd.,
Blackwall l.Hnc. Greenwich. London SElO,
Enghtnd.
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whateveryourwork
MOSSBAUER STUDIES, NUCLEAR MAGNETIC RESONANCE. PULSED NEUTRON STUDIES

MASS SPECTROMETRY· ALPHA, BETA, GAMMA SPECTROSCOPY' ACTIVATION ANALYSIS

ouranalyzersadapt

THE NEW RIDL 34-27 SERIES

SCIENTIFIC ANALYZER SYSTEM

Expands to keep up with your instrument needs.
Grows as your investigations change and your
requirements for experimental data increase. Spe­
cific 34-27 Series configurations are now available
for the applications listed above and others. For
further information, consuit your Nuclear-Chicago
saies engineer or write for your copy of 34-27
Series detaiied specifications.

EXPANSIBLE PROJECT-MATCHED INSTRUMENTS~

~
RIDL
RADIATION INSTRUMENT
DEVELOPMENT LABORATORY
A DIVISION OF NUCLEAR-CHICAGO CORPORATION

4521 West North Ave., Melrose Park. 111. 60160

In Europe: Danker Curtiusstraat 7
Amsterdam W, The Netherlands

Scientists and engineers interested in challenging career opportunities are invited to contact our personnel director.

NUC:R.5.223

Circle ND. 10 an Ruders' Service Card
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NESTER/FAUST glass products rzeu's

Annular Tellon® SPinning
Band Distillation column*

Rotary Spray Evaporator
Speed evaporation of solvents and
aqueous solutions with this high speed
evaporator. Water evaporation at rates
UP to 32cc per minute.
Circle No. 186 on Readers' Service Card

'Patents oendlng
• R"!Qlslered tradem,v- E. J C::.JP~": :!t: N.·"'.".,-, l.C:J.

For complete specification and descrip­
tion of each instrument,write fori iterature
today: Glass Products Division, NesterI
Faust Manufacturing Corporation,
2401 Dgletown Road, Newark, Delaware.

Molecular Still
The Nester/Faust molecular stdl allows
you to separate materials that are un·
stable at their boiling point. It is de­
signed to prevent polymerization or
thermal degradation, and recycle un·
distilled material without interruption
or breaking vacuum.
Circle No. 187 on Readers' Service Card

t=E~~8~
See This Equipment at ACS Booths 614-616

Ultra Violet Light Source
An inexpensive, quartz U.V. source for
photochemical reactions. It is a low
pressure. immersion type which op­
erates at 50 watts input with 60%
spectral output efficiency.
Circle No. 1B4 on Readers' Service Card

McCarter Sublimer
Our unique vacuum sublimer combines
rapid sublimation with easy sublimate
removal and protection at the delicate
crystals prior to removal.
Circle No. 185 on Readers' Senice Card

\1

Now make separations that approach
the purity of gas chromatography with
much higher through-puts. Nester/
Faust's new spinning band still employs
a Teflon band in an annular configura·
tion for high plate efficiency, low hold­
up and low pressure drop to produce
previously unattainable rectification.
This spiral band design gives high
vapor liquid contact. As an example:
a 5mm x 24" annular still separated
heptane from methylcyclohexane with
a product purity of 99.52%. Similar
results have been attained when distill.
ing a mixture of cis and trans decalin.
Cirtle No. 183 on Readers' Service Card
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Resist the temptation
DO not bathe in Aquet and ChrOmerge.

They cut grease like a knife, get everything sparkling clean in seconds.
Use them on laboratory glassware and utensils.

AQUET. New biodegradable Aquet is a laboratory detergent that biologically decomposes after drain into sewage.

Free from certain skin allergy effects. Comes complete with handy dispenser.

CHROMERGE. Obsoletes old, cumbersome methods of cleaning all types of labware.

You simply add a 25 ml. bottle of CHROMERGE to a standard 9 lb. container of concentrated sulphuric acid,

shake well ... and you have a super-effective chromic-sulphuric acid solution.

Write for bulletin and prices.

[(§il (iHEINER
,~~!~~~?T~~~

20-22 N. Moore St., Dept. 521, New York 13, N. Y.

We would be delighted to have you visit us at the NIH show Our booth number is 32.
Cucl~ No. 42 on Readers' Service Card
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NORWALK· CONNECTICUT 06852
See Buyers' Guide for all products/sales offices.

Circle No. 161 on Readers' Service Card
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Micro Attachment

THE WELCH SCIENTIFIC COMPANY
General Offices: 7306 N. Linder Avenue, Skokie, Illinois 60078
Eastern Office: 331 E. 38th Street, New York, New York 10016
Western Divisions: 840 Cherry Street, San Carlos, California 94070

13428 Wyandotte, North Hollywood, California 91605

MICRO-MACRO MIXER/HOMOGENIZER
for Analytical Chemistry - High·precision engineering and design know·how
bring you the rugged SORVALL Omni~MlXer for homogenizing. blendmg. mixing and
disintegrating a wide range of materials in capacities from 0.5 ml to 2.000 ml
lapproxl. Basic Macro Unit accepts a variety of stainless sleel mixing chambers.
certain centrifuge tubes and bottles with special adapters. inexpensive Mason
Jars. and the Micro·Homogenizer Attachment loptionali. All stainless steel cham·
bers are seamless, fluted, and have "mirror-like" inner finish, Chambers, Covers,
and Rotor·Knife Blade Assemblies are removable as units for loading and unload·
ing. - are quickly disassembled for autoclaving. Chambers may be lowered easily
into temperature·control baths. The SORVALL Omni·Mlxer has conven:ent top drive
with new Electronic Speed Control for maximizing torque at all speeds. For Rotor·
Knife Blade assemblies. Teflon bearings are available and may be fitted in the
field by the operalor on all late·model Omni·Mixers. Speeds, to 16.000 rpm and
above With Macro Units; to 50,000 rpm with Micro Unit. Ask for Bulletin AC-BOM

.ban SorvaD. Inc.

Set a new standard for performance

'Ieet specifications of ;\lational Bureau of Standards ... (ombines the high effi­
ciency. convenient controls and rugged construction desirable for professional
service ... at a price a student can afford. Wide range of models and accessories
for various gases.
I-ligh efficiency .. , heat output of 5000 B.T.U.'s per hOllr conforms to Federal
Specification NNN-I:3-795.
Full control, , . or gas hya leak tight ncoprem: O·ring sealed needle valve. Air
curural is easy. just rotate stack. Heav)- base resi:-'Is tipping.
Economical ... costs no more than other Bunsen burners. Built for long life
and hard lISC. Made of heavy brass tubing. a rugged zinc die-cast hase. and nickel
plated to resist (orrosiol1.

write for new Bulletin for details

WELCH
SCIENTIFIC

New ... from Welch

1

.1 t.fI DUO~CONE
~ 1 BUNSEN

~.,., BURNERS
~/
~

L.T. Hallett, Editor

.
: the.

EDITOR'S
column

A RI'CENT HEPORT by the surveys
and investigations staff, Sub­

committee on the Department of
Agriculture, Committee on Appro­
priations of the Hou,e of Reprp,Pllt­
ati"e" reveals that there arp ,till
controversies concerning the tolcr­
ance levels for pesticide re"ichl("
established by thc Food and Drllg
Administration.

In the period 1955 to 1962, til('

FDA established tolerances ranging
from 0.1 p.p.m. to 100 p.p.lll. for
various pesticides in and on dift','r­
ent crops. For some of the pe,ri­
cides t,he anal~,ti('al method, u,ed at
the time could not m,'a'urr' 01' ('\('11
detect (with legal confidplwP I re,i­
dues belo'" O. J p.p.1l1. Jn ,',I a "Ii,h­
ing a tolerance, if a r<',idu,' "',1.- Ilot
aboye the O. J 11.1'.111. Ip"e!' a lOIN­
ance of zero Wa, fiwc! in,tead of O. J
p.p.m. Thi,. ill pf1('et, r!<·,f!n('c! th('
range from 0 to 0.1 I'.p.m. '" Iwillg
regarded as 7.el"O. Mall" ""i"nti'tR
thought that thi, "",,, a Illi,tnke,
nnd that a ddinite fiP;IIl'" ,llOllld be
established for a t,ol"ranct'.

In the pa,t Ihree ~'par, tl1<'r('
has heen a rOlhiderablc adnmce­
mcnt in the sc'nsitivity and sophi"ti­
cation of instruments used for meas­
uring pesticide re,idues. These ad­
vancenwnts mak(' pos,ibJr' the de­
teption of residu,'_ n, 10\\' n, 0.001
p.p.ln. ill ~ome H.n;'H:-i. A~ a J'e,-.;ult
the FDA derided in 1963 t hnt
whereas pre"jou,ly the range of 0
to 0.1 p.p.m. had been rep;arded ''''
zero, the range of 0 to 0.01 p.p.m.
would now be regarded as ZCI"O.

Therefore, pesticide residues in the
range of 0.01 to 0.1 p.p.m. which
were preYiously legal suddenly 110- I
came illegal.

This action has resulted in man~'

problems, according to the Report,
since presumably at the time a pe­
tition was previously approved b~'

the FDA, p('sticidp residues in th·



Build your own inert piping system
Now you can build a piping system for gases and liquids that is essentially inert and gas-tight.
The secret is Hamilton's miniature Valve. It is constructed of Teflon and Kel-F, and housed
in a sturdy metal body. A variety of luer-type fittings connect easily without wrenches or lab
grease. It is available as a 2-way, 3-way or 4-way valve. And it's compact and lightweight. Add
to that. .. Teflon tubi ng ... in various lengths ... with Kel-F hubs ... and you have a sim pie, efficient
piping system that's gas-tight and inert. You'll save time in set-ups and changes. You'll save
bench and storage space. And you'll be able to try piping variations never before possible.
Write today for catalog and prices.

For a copy of our catalog,
simply clip the coupon,

attach to company letterhead,
and mail.
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To: HAMILTON COMPANY· P.O. Box 307-B, Whittier, Celif.

Exclusive European Agent: Micromesure N.V., P.O. Box 205, The Hague

Name Title _

See Buyers' Guide for all products/sales offices.
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Request Buffetin AC3.1 014

$150.00

$175.00

Model SL·2 Stainless
Steel Sealed Cell: This
low priced cell is as­
sembled on the front
plate to permit easy
alignment with the hy·
podermicports.Will fit
Beckman and Perkin.
Elmer instruments.

Model G-2 GasCell: Sturdy
economical cell for Beck·
man and Perkin-Elmer in­
struments. Advantage: low
price of replacement win·
dows.

for electrophoresis
applications

Model DM·, Stainless
Steel Demountable
Cell: This cell fea­
tures low cost re­
placeable windows­
for Beckman or Per­
kin-Elrnerinstruments.

Regulated Power Supply #3-1014A

Contain Many Features
Found Only In

Higher Priced Models

Unregulated Model
• Voltage range to 1000VDC maximum
• Current range to 200 ma maximum
• low ripple factor
• Only slight voltage and current changes over

large load variations
• Polarity Reversing Switch

Model #3·1008: Range 0·500·
VDC and 0·200 rna .

Model #3.1009: Range 0-1000­
YDC and 0-200 rna .

124 COlT STREET
IRVINGTON, N. J. 07111
(2011 373·4242

BUCHLER INSTRUMENTS, INC.
1327 16th Street, Fort Lee, New Jersey 07025

long Path Cell: De­
signed for dilute or
weakly absorbing so­
lutions. Path lengths
-lOmm, 25mm, SOmm
and l00mm. Construc­
tion-Brass or stain­
less steel body, pyrex.
and teflon gaskets.
For use in Beckman
and Perkin-Elmer in­
struments.

Circle Na. 14 on Readers' Servin Card

Model 8-3 Sealed liq·
uid Cell: Designed for
easy assembly and
disassembly. Spacers
are made of Teflon.
Path lengths: 0.015
mm, O.025mm, 0.05 mm.
O.lmm and Imm.Brass
body with knurledalu­
minum nut. For use in
Beckman and Perkin­
Elmer instruments.

Regulated Model
• Constant Voltage to 1000VDC (± I %)

maximum
• Constant Current to 200 ma (± 1.5%)

maximum
• Ripple current/voltage of 1%
• Solid Stote Circuitry
• Short Circuit and Overload Protection
• Polarity Reversing Switch
• line Transient Immunity

. only $486.00

BUCHLER O. C. POWER SUPPLIES

See Buyers' Cuide far all products/sales offices.
Circle No. 112 lin Readers' Service Card
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INFRA-RED CELLS ~"1
· .. infra-red optical crystals on 48 hour delivery. ' f,'
Fast cell reconditioning service. Custom routine £~
infra·red analytical service. Consistently high quality, ~:•••~.
low prices, these are a few reasons why the leaders ~
look to I.C.L. Write for catalog and prices.o INTERNATIONAL

.E~
CRYSTAL LABORATORIES

EDITOR'S COLUMN

rangc of 0 to 0.1 p.p.m. posed no
hazard to man. It is not that resi­
dues are more toxic than before,
but that new developments in an­
alytical instrumentation have made
possible detection of rcsidues that
werc considered insignificant pre­
viously. For examplc, the amount
of DDT in milk was detcctable at
the 0.1 p.p.m. level in 1955, but by
1963 it was detectable at the 0.001
p.p.m. level.

The continued interest of chem­
ists in the problems of pesticides
vis-a-vis human tolerance levels is
evidenced by thc large number of
papers presented before the Pesti­
cide Subdivision of the Division of
Agricultural and Food Chcmistry
at the 149th ACS National Meeting.
The PESTICIDE RESIDUES review
[ANAL. CHEM. 37, 131R (April
1965] points up an important fact:

. Thcre is an urgent need for
general procedures that can identif~'

and measure a large numbcr of
chemicals at one time. They must
hc highly sensitive and accurate,
since it is essential that all monitor­
ing of our environment be at a level
considerably belo,,- any "tolerance"
or otherwise critical level, so that
trends can be mOI'C readily recog­
nized and assessed for significance."

A great concern for the standardi­
zation of analytical methods for
pesticide residues has been ex­
pressed on a worldwidc level. At
the meeting of the Pesticides Section
of the International Union of Pure
and Applied Chemistry held in
Rome in October of 1964, it '\"as
stated that methods for pesticirle
residues are requircd that are not
only specific for the pcsticide, its
metabolites, or degradation prod­
uct", hut also specific for applica­
tion in the food concerned.

The 6th Pesticides Congress spon­
sored by the IUPAC will be held in
Vienna in 1967, and will include a
broad program that im'ol '"Os the
chemistry of insecticides.

All of the preceding revcals the
exceedingly important role that an­
alytical chemistry plays and "'ill
continue to play in the establish­
ment of health and "afcty "tandards.



Chromatogram of Oowex-l column eluted
with Formic Acid shows section with AMP
peaks only. Record made with Gilford Model
2000 equipped with Gilford Flow·Through
Cuvettes and Automatic Blank Compensator.

Salmon Sperm DNA profile illustrates linear
registration of both temperature and absorb­
ance changes on the same chart scale. Gilford
Model 2000 equipped with Gilford linear
Thermosensor which measures temperature
changes in cuvette chamber.

Conventional Absorbance Mea­
surements also easier, more
accurate. Digital readout: 0.00
to 3.000 O. O. Sensitivity, dark
current controls and shutter
eliminated. Line operated.

This highly productive spectrophotometric system
has the essential flexibility to keep pace with
changing directions in research. Based upon a
unique photometric system with an output linear
with absorbance over a wide range, the Model 2000
system offers exceptional sensitivity and stability
together with low noise level and high accuracy.
The inherent capacity of the photometric element
is greatly extended by automation of the sample
handling device to provide precise positioning of
up to four sample cells with programmed timing. !:i
Additions of flow cells, a temperature recording ~
channel, automatic baseline compensation and ~
wavelength programming facilities further en­
hance the usefulness of the Model 2000. Request
brochure and quotation.

Reproduction of continuous linear recording
of -assay of G·6-P Oehydrogenese illustrates
one of the many types of enzyme kinetic
recordings obtainable virtually automatically
with the Model 2000 or Series 200 Modular
Gilford System.

Scanning for protein using the sucrose den·
sity gradient method. A 10 mm pathlength
Gilford Flow-Through Cuvette was employed
with the Gilford Spectrophotometric Record­
ing System to produce the record shown.

10 l~ 20

Ill>'l·"m..ms

15

INSTRUMENT
LABORATORIES
INCORPORATED
OBERLIN. OHIO

Factory Trained Technical
Consultants Provide Direct
Representation Throughout

The U. S. A.

Circle No. 118 on Readers' Service Card
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L!
latest

laboratory
development...

(or, we don't know anyone who has lab cabinets
more carefully researched than these)

We went a diUerent way with
these. None of our people
made any final decision on
what you want or need In
lab cabinets. They just built
some on the best Information
they could get. And then
they sent these prototype
cabinets to one of the world's
largest private industrial
research labs.

They used our first cabinets
for a year. What you see
in the pictures here shows
some of what they and we
found out. There are also
a good many improvements
you cannot see, unless
you write for catalogs or ask
us to show you samples.

Things we can show here:
A. Flush fronts, fully shielded, and
modular design to fit your space

B. Removable, adjustable shelves

C. Fast, micrometer-accurate lev­
eling screws

D. Nylon case rollers and drawer
rollers on lull bearing steel studs

E. Full 191;"" depth drawers - one­
piece body-no crevices

F. Full choice 01 counter top ma­
terials and accessory equipment

G. Interchangeable door and
drawer positions, Including 1/2
doors, % drawers and two Va drawers

Want to see the other leatures
you can't see here? Just use the
coupon.

Dept. AC-1588. Youngstown, OhiO 44505

I":. Modern, Versatile, Economical

We'd like to see what you and people in our business developed!

o Send literature on new 0 Have a representative call
Republic Lab Cabinets

Name Tltle _

Company _

City State Zlp _

Circle No. 77 on Readers' Service Card
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by EDWARD VOPAT

Manager, Advertising & Industrial Design
Analytical Instrument Division
VARIAN ASSOCIATES

"Eighty pages of VARIAN advertising in Analytical Chemistry.

"... and other Research loumals of
the American Chemical Society dur­
ing 1965. Our sales records show
that the consistent and informative
advertising of our lines of N:\1R
and EPR spectrometers and our
line of recorders is noticed and
well received by scientists.
"Because we wish to reach
specifically those scientists

ANALYTICAL CHEMISTRY

who direct or conduct experiments,
we rely heavily on Analytical

Chemistry and the other Research
lOl/mals of the' ACS as vehicles

for much of our advertising.
And because our markets are
world-wide, the international

reputation of the ACS journals
mak"s it possible for Varian to

con'r its total market potential."

and the other Research lOl/mals of the American Chemical Society

Advertising Management: REINHOLD PUBLlsm"c CORPORATlON,~ 430 Park Ave., New Yark 10022
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News about instruments, apparatus and reagent chemicals that make
your work quicker, surer. safer and easier.

Let us send you more data. Just
check the literature you want and
mail this page, with your name and
address, to Fisher Scientific Com­
pany. 100 Fisher Building, Pitts­
burgh. Pennsylvania 15219. F-471

Fisher's Speedy New
Ultrasonic Cleaner
Probes into Crannies
You Can't Even See.
Ultrasound waves penetrate the tini­
est crevices with the speed and
vigor of a gossip's whisper. In the
new Model HT-] .9-HW Ultrasonic
Cleaner. these waves pry loose stub­
born deposits in places you can't get
at any other way-inside syringe
needles, lambda pipets, capillaries,
fritted lilters, tight-fitting joints and
bearings. They're gentle to fragile ap­
paratus yet powerful enough to clean
anything you can put in the I.9-gal.
tank. The HT-1.9-HW features a
high-efficiency lead zirconate titanate
transducer with 400 watts peak out­
put and is thermostatically controlled
up to 190°F. At $560, this compact
Ultrasonic Cleaner is a sound invest­
ment ... and we have literature to
prove it. (cl D

cling to metal, wood, concrete, ce­
ramic, paper and leather. They cover
walls, floors, cabinets, countertops
or what-have-you with a protective
coating that most acids, solvents, al­
kalis, detergents, oils, heat and mois­
ture can't hurt. Apply Fisher Epoxy
Paints with brush, roller or spray and
count on a glossy linish an hour later
that won't chip, crack or peel. Fisher
Epoxy Paints are handsomer than
octopuses-yellow, beige, green, red,
gray, black or clear. Prices, depend­
ing on color chosen: $3.65 to $3.80
per qt.; $12.50 to $]3.50 per gal.
Get our factual brochure, sans any
reference to Mollusca. (b l D

It plays detective whenever you turn the switch to "Test." If the needle
registers between pH 12.5 and 13.5, your problem lies with the electrodes,
sample or buffer. If the needle falls somewhere else, the Accumet 210 is at

fault, for which we blush. But this
won't happen often. Quick to warm
up and extremely stable, the Ac­
cumet 2] 0 reads pH with an accu­
racy better than ±:0.05 unit and a re­
producibility of ±:0.02 unit. The 7-in.
mirrored scale, from which the pH
can be read to the nearest 0.02 unit
over the full pH 0-14 range, also has
two millivolt ranges: 0 to ±:700 mv
and 0 to ±: 1400. The Accumet 2 10
is portable, operating on batteries or
on regular AC power. It can also be
adapted to micro titrations. Our Ac­
cumet 210 bulletin details more of
the features not found in other pH
meters in its price range. Price of the
basic instrument is $330. (a) 0

Fisher's New AccumefM 210 is only pH Meter
That Tells You When Readings are Wrong.

August, 1965

FISHER PRODUCT REPORT
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o FISHER SCIENTIFIC
World's Largest Manufacturer· Distributor of Laboratory Appliances & Reagent Chemicals

Complete stocks in all these locations: Atlanta· Boston· Chicago· Cleveland· Houston. New York
Philadelphia· Pittsburgh • St. Louis· Union, N. J.• Washington· Edmonton • Montreal • Toronto

See Buyers' Guide for all products/sales offices.
Circle No. 40a, 40b, 40c on Readers' Service Card
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All of these features make this the most advanced Liquid Scintillation Counter.
Ask your local Beckman Sales Engineer, or write for Data File Number LSC·165.

Circle No. 1e2 on R~adels' Service Card Beckman' INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION
FUllERTON, CAlIFOfl:NIA· 92634

"":::Rt;ATlOtIAL S\,.'BSIDIARI(S: en. E.... A. SWITZE:R!.M.O; MUNICH, GERMANY; GLENROTHES. SCOTLAND; PARIS, FRAt,eE; TOKYO, JAPAN; CAPETOWN, sourH AFRICA



LABORATORY OF THE MONTH

Pomona College Has Advanced
Undergraduate Teaching Facilities

The editors feel that recent trends in
the design of academic laboratories
should be of interest to analytical
chemists. In a recent feature [Anal.
Chern. 37 (7), 93A (1965)] a new
laboratory designed primarily for
graduate research was presented.
This month the outstanding facilities
of a college which is engaged exclu­
sively in undergraduate teaching and
research are depicted.

I N FEBRUARY OF THIS YEAR the Chem­
istry Department at Pomona College

moved into the third tll1d newest wing
of the Seaver Science Center, named for
the late Dr. Frank R. Seaver, president
of Hydril Compan,' and a trustee and
alumnus of Pomona College. Pomona
College was founded in 1887-it is a
private coeducational undergraduate
college of a rts and scicnces located near
Los Angeles. It has a full time faculty
of 105 and a student body of 1100.

One of the measures of quality of the
new Seaver Chemistry Lab is the unusu­
ally high le\'el of inst~umentation in use
at all stages of an instructional program
which places heavy emphasis on the re-

sea rch aspects of teaching. Even in the
frei'hman ycar, ,,-here all of the clemen­
ta.r~- in~trl1('tion in Quuntitati,-e analy~is

is given, the students use spectropho­
tometers, pH meters, and automatic
balances.

~ophomor(,5 routinely t1:3C a recording
infrarcd "pertrophotometer in their or­
ganic course along with gas chromato­
graphs and a polarimeter, in a lab that
pro"idcs en.ch student wit h ns much
sta.inless steel hood space :1:3 regu1:lr
bench space. The desks thcll1seh'es are
.-:tocked with individual magnetic stir­
ring hot plates a, well as sets of regular
nnd miero standard taper glassware.
Melting point units are conveniently
10r:l(",1 ll1rol1gl1out the lab. In the ad­
\·:lll{'rd nrg:lnic laboratory carh student
h:l" :It his dispo,a] stainless steel hoods
that arc 9 ft. high and 12 ft. long.
These hoods enclose stainless steel racks
for mounting equipment, electrical out­
lets with independently variable volt­
age, piped nitrogen, vacuum, and other
cOI1\"enlional utilities; they have both
high- and low-speed ventilation and
large sliding panels of temperer! sa-fety
glass. '.'In additional safety glass shield

separates the front. hali of the hood
from the back hali. The advanced stu­
dent abo uses an osmometer and any of
the larger pieces of research equipment.

The students in biochemistry courses
u~e a preparati\·e ultracentrifuge, and
<\I1alytical ultracentrifuge, an amino
acid analyzer, a ratio recording spectro~

photometer, " high voltage electrophor­
e~is apparatus, and a refrigerated scin­
tillation counter.

In addition to the nsual instructional
equipment and \"acuum racks, the stu­
den ts in physical and advanced analyti­
cal chemistry take ad\"antage of record­
ing infrared nnrlultraviolet spectropho­
tometers, an i\:.\ITI instrument, a· mass
spectrometer, and a neutron generator
with pneumatic rlual transfer system
a.nd associated scintillation counter and
400 channel analyzer. With the excep­
tion of the neutron generator, the group
of last-named instruments is housed in
a complex of 10 rooms, one instrument
to a room (each of which is provided
with special H~mlog-filtered" air with
close humidit,' control). A research
grade electron microscope is another of
the instruments housed in one of these

Seaver Chemistry laboratory at Pomona College is one of three wings of the Seaver Science Center which cost over
$6,500,000; the chemistry wing has 56,400 square feet of usable floor space
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Mass Spectrometer is routinely used by students in
research and advanced analytical course work

Neutron Generator is housed in basement vault with
5-foot thick reinforced concre:e walls and ceiling

LABORATORY OF THE MONTH

NMR equipment is used in both course work and re­
search by students of physical and advanced analytical
chemistry

Physical and analytical laboratory, show­
ing a central island with associated
custom-made stainless steel constant
temperature water baths



Research electron microscope is avail­
able to undergraduate students for
various teaching and research projects

special rooms. The walls and roof of
the neutron generator room arc of re­
inforced concrete, 5 ft. thick: I he rOOI11
is located in a$so('i~tion \\"it h t\\'o low­
leycl rnrliation Inh;;; and :l counting
room.

Of course these instruments are not
simply teaching instruments, for they
are also il1\-oh-ed in the research pro­
grams carried on jointly by the faculty,
lhc studcnts, and post-doctoral fellows.
There are no graduate students or grad­
ll:1 te (oOU rscs.

Abo in support of this reserrrch rrl'­
pro;lrh [I rc two high-prc.:::.surc cubicles
(7 fl. by 7 ft. by 7 ft.) eonstructed with
wall, of half-inch steel, six inches of
:-::and, and fwo inches of woorl, and
equipped with special venting and re­
male control equipment for earrying
out. reactions in :lutoclaves at up to 60,­
000 p.sj. Algae-growing facilities are
pro"ided, a" well as cold temperature
rooms held at +4 0 C., -200 C., and
-800 C.

Adjoining facilities are available with
x-ray fluorescence equipment, an elec­
tron microprobe, and equipment for
studies of ultra-soft x-rays, electron
spin resonance, and ferromagnetic do­
mains.

Researchers and students have at
their dispo.orrl one Bendix G-15 and two
Clary DE-60 computers, and in the
summer of 1965 an IB:\I System 360
Computer (Type 40) will be installed
in the ch('mj~try wing.

7

6

3

1
2

4
5

Circle No. 13 on Readers' Service Card

Heats and Cools-almost dou­
ble the range of the average
visibility bath.
Accuracy - constant tempera­
ture at any level from -lO"C
to +65°C ±.OI°C-ideaJ
where precise temperature con­
trol is required.
large Capacity-coils fit snug
against the bottom, the entire
volume of the jar is usable.
Glass jar permits fast observa­
tion.
Compact - only 20 1h" wide
27 YZ" high. Saves space. Fits
on any lab table or desk.
Self-contained - heating con·
trois, cooling compressor. all
parts are housed in this com·
pact unit.
low Maintenance - Waco lo·
Temp has been proved trouble­
free by laboratories from coast
to coast.
low Price - $440.00.
Specify: No. 882 Waco La-Temp
Refrigerated Bath, complete
with Pyrex jar 12" in diameter,
for 115 volt 50/60 cycle AC
Other sizes and accessories

~rf;~abi~r ~a~g laOt~r BnU~I~~is~
for complete in'ormation.

Order direct or write for descriptive folder.

LABORATORY SUPPLIES AND EOUIPMENT

WILKENS-ANDERSON CO.
4525 w DIVISION 5T CHICAGO 51. ILL

Analytical ultracentrifuge is used in biochemical course and research work
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New
Century Flowmeter
Accurate, versatile,
contamination-free flow
measurement. For laboratory and
pilot plant from Lab-Crest.

Fluid Touches only Teflon*
and Glass
With a Century kit in your lab, you're ready to
meter any fluid. Corrosion-proof valves, tubes, and
fittings are impervious to chemical attack; won't
contaminate organic solvents.

Stand It, Clamp It, Mount It
You can use Century on its free-standing base, on a
support stand, built into a panel, or directly piped
without its protective case. Kit includes all hardware.

Fine-Control Needle Valve
Eight-turn Teflon needle valve insures accurate re­
producibility of flow-rate setting. Four quick­
change tubes and six floats cover ranges from 1.3
to 23,400 cc/min air; 0.017 to 703 cc/min water.

Tri-Flat Accuracy
Tubes are F&P's patented Tri-Flat design, with in­
tegral guides that insure absolute float centering and
known flow area at all points of float travel.

For full details on the one flowmeter kit that
can handle all your research and pilot-plant
flow measurements, write Lab-Crest
Scientific Division, Fischer & Porter
Company, 1585 County Line Road,
Warminster, Pennsylvania 18974.
·T.M. E. I. du Pont de Nemours & Co. (lnc.)

t&;
(;
CfNJURY I,

FISCHER & PORTER COMPANY

c%f:Owt~SC IENTI F IC DIVISION
Warminster, Pa. 18974, Phone 215-675-6000

A Complete line of laboratory and Scientific Glassware. Special Glass Fabrication * Glass Process Pipe and Drain line

Circle No. 37 on Readers' Service Card
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SAVES FILM, JUST STORE AND ANALYZE
ACCEPTS COMBINATIONS OF 17 PLUG-IN UNITS

SAVES SPACE, ONLY 7 INCHES RACK HEIGHT
OPERATES SIMPLY AND RELIABLY

Display shows ability of the Tvpe RM564 to store sing le­
shot events. Waveforms represent displacement of
leaf springs dueto imparted shocks qlv8n them dUring
test. Split-Screen Facility-with IndelJendent storage
and erase of upper and lower half of the crt~permits

easy comparison of test \","'avCfOrl,lS to 2. reference
display.

Type RM564 Storage Oscilloscope

Type 2867 Time-Base Unit

Type 3A3 Dual-Trace Diftercr.:i2..1 Ampii"if'l" Unit

Ce.bi:let Model also available
15 athel

Oscilloscope
IJ.:::;

S1'J35

210

790

950

CALL YOUR FIELD ENGINEER FOR A DEMONSTRATION - 8-PAGE SPECIFICATION BOOKLET AVAILABLE

/

P.O. BOX 500 • BEAVERTON. OREGON 97005 • Phone: (Area Code 503) 644-0161' Telex: 036-691

Tektronix, Inc. TWX: 503-291-6805 . Cable: TEKTRONIX,', OVERSEAS DISTRIBUTORS IN OVER 30 CO~NTRIES
TEKTRONIX FIELD OFFICES in principal cities in United States. Consult Telephone DIrectory

Tektronix Australia Pty., Ltd., Melbourne; Sydney· TeXtronix Canada Ltd., Montreal; Toronto
TeXtronix International A.G., ZUQ, Switzerland. Tektronix Ltd., Guernsey, C. I . • Tektronix U. K. Ltd., Harpenden, Herts

Circle No. 163 on Readers' Service Card
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If you use a manual
UV spectrophotometer you may need
the added help of this curve.

The analyst can read every scale, reach every
control, and make any scan notations without moving
into awkward positions.

You get double-beam accuracy with linear absorbance
or transmittance presentations irom 185 mIL to the near
infrared 3,500 mIL range. The FAR-UV version extends
to 150 mIL. Yet, the price of the Beckman DK-2A starts at
only $8,850. Accessories are available for almost
every analytical need, including fluorescence, flame
photometry, and reflectance studies.

To learn more about how this recording
spectrophotometer can supplement your present
analyses contact your local Beckman Sales
Engineer, or write for Data File LUV-455,

It makes even the best analyst more productive
and more efficient. Here are six ways a recording
UV spectrophotometer helps you immediately.

It performs kinetic studies; it cuts analysis time for
research and quality control assignments because it's
automatic; it assures correct wavelength selection
because the entire range is recorded; it readily detects
interfering substances and impurities; it simplifies
identification and qualitative analyses; and it provides
a permanent record of every analysis.

The DK®·2A is just such an instrument.

The ratio-recording DK-2A is stable, accurate and easy
to operate. With only one detector it eliminates
continual and complicated readjustments. There's no
detector matching. A constant 100% line is assured.

The DK-2A's flat-bed recorder gives you a convenient,
horizontal view of the entire scan-as it is recorded.

Beckman INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS
INSTRUMENTS DIVISION
FUllERTON, CALIFORNiA. 92634

INTERNATIONAL SUBSIOIARIES: GENEVA, SWITZERLAND; MUNICH, GERMANY.

GL£NROTHES, SCOTLANO; PARIS, FRANCE; TOKYO, JAPAN; CAPETOWN, SOUTH AFRICA
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Know your
NORElCO
Diffraction Accessories
Can you match the numbers to the sketches?

CD POWDER CAMERAS ® CRYSTAL ORIENTATION CAMERA ® FLAT PLATE CAMERA

@ MICRO CAMERA ® PRECISION SYMMETRICAL BACK REFLECTION CAMERA

® SPECIMEN CENTERING DEVICE (}) FINE FOCUS TUBES ® HIGH INTENSITY TUBE

® FOCUSING MONOCHROMATOR @ AUTO·FOCUS SPECIMEN HOLDER

@ POLE FIGURE DEVICE @ WEISSENBERG DETECTOR ATIACHMENT

Score lOO? If not, to help you identify this X·ray
analytical equipment send this coupon for your
FREE Norelco Pocket Guide - outlining the
applications of these diffraction accessories.

Company Name _

~ Position _

World's Highest Standards in Quality Instrumentation

PHILIPS
ELECTRONIC

INSTRUMENTS

Norelco
dtffr.ction

IIccesllOritI.

1965

Please send your Free
NORELCO DIFFRACTION ACCESSORIES

1965 Pocket Handbook

Name _

Division of Philips Electronics and Pharmaceutical Industries Corp.
750 South Fulton Avenue. Mount Vernon, New York 10550

Street_

City State Zip No. _

See E!uJers' Gu:de for all prGlIucts!sales offices.
Circle No. 152 on Readers' Service Card
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A completely new concept in a 0.3 meter plane grating
scanning monochromator with Corrected Optics*
and Snap-In type gratings (Pat. Pend.) to operate in the
Vacuum UV-Visible-Vacuum IR.

Another First for

MODEL 218-0.3 Meter Plane Grating Scanning Monochromator

Range 1050A-16 microns

• "Snap-in" type gratings-over 30 different selections designed for
your particular job function.
No holders needed-instantly focused ready to operate.

• Unique optical system provides exceptional work space between slits
without extra reflections.*. Special aspheric optical surfaces used to obtain maximum results.

• 1st order resolution better than 0.25A.

• Converts from atmospheric to vacuum operation.

• High Speed.
• Operates in any position and attitude.

• Quality designed for service-free. heavy-duty. continuous operation.

• Immediate delivery-budget priced.

• Complete line of accessories.

MODEL 225
One Meter Normal InCidence
SCilnning Monochromator
McPherson Type
Range 300- 6,000A

MODEL 240

MODEL 235
Half MeIer Scanrllng Monochromator
Seya-Namloka
Range 300 6.000A

MODEL 216
One Meter Combination Spectrograpil
and Scanning Monochromator
Czerny- Turner
Range 2000---40.000A

For complete information on this new addition to the wide range of McPherson
monochroma tors, or special instruments custom built to your specifications, write
or catl

Tecfl/llcal Sales and Service Offices in La CanaOJ. Cafdornic Hillsdale. II/lnrJrs, Acl"n. Mas'Jchusetts

London. Melbourne. Pans. Tel AVIV. Tokvo

See Buyers' Guide for all products/sales offices.
Circle No. 141 on Readers' Service Card

TEL: 617-263-7733

COR P.
530 MAIN ST .. ACTON, MASS. 01720

INSTRUMENT
These instruments represent a partial
list of the standard spectrometers
manufactured by McPherson.

MODEL 250
Three Meter High Resolutlo~

Monochrom<ltor

Range 1.000 -6.000A
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INSTRUMENTATION

Where Did I Hear That Before? by Ralph H.
Muller

W
~E have little hope for exonera­

tion if we once more plead for
mercy in attempting to keep abreast
of advances in instrumentation. \Ve
ta.ke some relief in noting that .. with
the rush of publications, there is a lot
oi duplication and, more often than
Olle would wish, one encounters a de­
,-elopment which at once prompts the
remark-"where did I hear that be­
fore'?" The topics which we discus.s ill
this column, have cost liS considerable
homework Rather than merely cite
author, journal, volume, and page, we
hayc racked our brain to see what
'vas ne\y, what \vas going Oll, and \vha t
one might do if the situation were ana­
h-wd a little more (horoughly_

For example, K F. Howarth [Rev.
.'ci. I",tl" 36, No.5, 607 (196:3)] in
discllssing the "Incandescent Lamp ao:::
a Control System Element" finds that
there is a 50/0 region in the light flux
1"8. lamp voltage which is nearly lin­
ear. As a matter of fact, the relation­
ship is exponential o\"er the whole
range. Some 25 years ago, we required
our graduate students to scan an in­
candescent lamp with a phototubc and
yacuum tube voltmeter nnd to plo1
the log of thc photoculTcnt :l,~airl:":l

thc log of the lamp "oltago_ The rl'­
jafionship is strictly linc:l!', indicating
that the luminous flux m.1\· he rebtrd
to the lamp voltage by! ='(11'''_ Typi­
cal dah ("Experimental Electronics,"'
~[lillf'r, Garman, and Droz. "Prentice
I-TaiL 1942, 1'_ 71) indicate a yalue of
11 = 4.05. It is not surpri,sing that
incandescent lamp manufnctllJ'prs, a,"
Cc1r!,- as 1914, made very careful stud­
ies of lamp characteristics as n func­
tion of operating voltage. In mo,;;;t elec­
trical engineering handbooks, onp can
find the information, usually expressed

3S ratios-i_e_,~ =(t,) '. '-,dnl's of

Ihe exponent k - for pr~perties x such
.'15 lumens VB. volts, watts l'S. yolts,
lumens per watt Vi). volts, and Limp life
vs. volt.s arc gin'n as .'111 approximate
guide. Actually, the exact yalue of k
rl1115t br cleterminrd for m'en" incli­
\-iclual L-lmp. Thp 3,\"cragr Yal~le of k
(lumens L'8. yolts) for gas filled tung­
sten lamp_' is 3.6_ For untreaterl car­
bon filaments, the yalue of 1: can be
as high as 6.9.

Howarth has described an clabnmte
arrangement for maintaining constant
flux from a lamp. A photomultiplier
controls a magnetic amplifier tn fped

back CUlTcnt to the lamp. The ar­
rangemrI1L attains 0.250/0 constancy all
day at room temperature for line ,-olt­
age variations of 2.5% or less. In COI1­

uast
J

a comparntin;ly simple arrange­
ment r;ExperinlClltal Electronics," p.
112) produced residual variations of
voltage across a lOO-watt lamp of 0_01 %
fur line voltage variations of 4%.

In this method, a pentode detected
voltage "ariations in comparison \vith
a voltage reference (Yoltage regulator
tube). The output of the pentode con­
trolled two power tubes in shunt ,yith
a ballast re_,i_,tor in serie_, with the
lamp. For long periods of operation.
this scheme' ignore.;;: ,'] ~econd order
effect. As Howarth has pointed out,
lamp bulbs blacken ,yith age. The
effect is accompanied b~' a reduction
in filament diameter, ,,"hich, in turn,
il1crea~('..;; its brilliance. l:"nfortunatcl~',

the38 t,YO ('ffeets do not eal1cr] e:1.('11
other.

In our opinion, the dl'~ign of ;lll in­
expensi\'c light 30lHce of very high con­
slancy has not been attained_ With
present day resources. it should be pos­
."ible to maintain constant lanlp voltage
(0 within 1 part in :30,000 or beiter­
~ccond order corrections .;;;llOuld br
done photoelectric,,!I,' or possibly by
optical mean.-.:, Thrrr i:-: .~till ;1 need
1'01' light :3011rr(-',-- of high rrmstancy
e\"en t hough most optical iu.struments
:lyoid t hr prohlcill by dual betlJn (I]"

rapid illll'I'C'omprrri..;on techniques.
The British, God bless 'em, are still

ini rigucd with the use of D'Arson,"al
mO\"~ments flS torque measuring e1e­
llH'l1t3. ~Inny yenr.s ago, Ol1e of them
,hawed (hat a force applied to the
pointer of n. milliammeter cnn be com­
pensated and determined by applying a
ml'asured current to the meter_ What
I.ee Calm bl1S done with thi_s principle
ill hi..- :;:rrirs of indicating and recording
d,'ctrohlll:tnces has been a deli"ht to
behold_ The method h.", eo~ntkss
"pplirations but mO.'t of us are too
hn.sv doing more and more thermo~

gra~"imetri~ ana]~yse5 t.o get around
'0 the problem_ From the Uni"er,ity
of Cambridge, "It R. Head and N R
';"rre" [J_ Sci_ Ins!,-. 42, 3~9 (1965)]
('omes a description of a 1..O\v Speed
Anemometer. It \yas df'3igned to m('[\.;;;­
11m air velocities in an npp.'1ratm: l..l.'3ed

to determine the rate of climb of Yen'
small flying imects. The pointc'r ~f
a milliammeter is fitted 'Yith a small
vane (O.OOl-inch "I'!e!incx pol\'cst"r

film) The impinging air deflects the
pointer from its equilibrium position
to \vhich it can be restored by sending
a Illeasured current through the meter.
The authors point out that the ar­
rangement can be made self-balancing.
They also suggest that the relationship
hetween restoring current I and the
air 'Tlocit,· V could be made more
linear b:y 'using a vane consisting of
small fibers about which How is sub­
stantiall~" yiscous. \Ye know nothing
about aerodynmnics but their statement
abollt lI1aki'ng the cun"c more linear
puzzled liS because it "'a3 delightfully
cun"aceOU:3 throughout. Inasmuch as
we ha,-e complained recently about
curws in the literature which have no
recognizable mathematical ancestry and
in admiration of the-ir fine work, we
tried to find out "\vhat goes on.""
After tracing their curyc, enlarging it,
and picking off points, we found tha t a
log-log plot of V vs. 1 is linear, indicat­
ing that the air velocity is proportional
to the 0.575 power of the restoring
current. This looked ncar enough to
(be 0.:3 power or the square root of !_
Indeed, a plot of V2 vs_ ! predicts their
rIata to within 2% in tbe form V2 =
1-84 ! where V is in feet per second and
I in milliamperes. It then occurred to
liS that their ingenious instrmnent was
beha"ing in the best traditions of ele­
mentary physics becau::::c a gas of given
maSS (clensit:") moving with a velocit:r
l' has kinetic energy of I /:2n1 F:2. It
i,;,; interesting to note that the scheme
could be used to analyze gas mixtures
hrcause, if impelled at a known and
"onstant \"Clocity, the torque produced
"'ould be proportional to the mean
rIcnsity There will be no nCl,,1 for

of U:3 to rush into production on
It was done commcrciall\' about

~O years ago. The A.E.G. TIanarex
gas analvzer used two small turbine
b!:l.des r~tating in opposite directions.
nne was dri"cn by a constant speed
111otor or reference gas, tbe other by
1he gas mixture to be anal~·zcd. The
ians did not rotate freely, bllt "'ere
l'oupled with a delicate linkage crnryin;!
a pointer- The latter indicaterI on a
_'cale the differential torque and wa,
(,;1libratcd ill prr cent ron.'-:rittlPnt-i.f' ..
CO::! in air., ?\iH3 in :1ir or moisture ill
:lir. An cxtrnded dC'.-:cription is to be
found in tl1P IIChrmir-Ingenleur, 4
tei! Physikaliseh-Chemische Analyse im
J3etricbc,n Akndemisc.hr Vf'rl.'1~:;:gesell­

schaft, M.TUL Leil,"i", 1933
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Complete Ultra Micro blood
pH system with constant
temperature bath and
DELTA-matic expanded
scale pH/mY meter.

MODEL 123-51 - for pH/Pco,

Complete Ultra Micro sys­
tem with constant temper­
ature bath, and DUO-matic
expanded scale pH/Pea,
meter for "acid-base" im­
balance studies.

MODEL 113·51 - for pH/Pco,jPo,

Complete Ultra Micro sys­
tem with constant temper­
ature bath, and pH, Pea"
Po, meter. Three precise
determinations in three
minutes.

FOR ABSOLUTE CONTROL OF DROP SIZED SAMPLES

With the new IL Ultra-micro pH Electrode, you can now easily
measure blood pH from a sample as small as 10 ,ul ... pH
and Pco, from 50 ,ul ... and pH, Pco" Po, from a total sample
of less than 100 pJ. It's a simplified sample handling system
designed to fit any blood collecting routine . . . syringe,
capillary, vacuum tube, etc.

IL's patented roller assembly gives you positive control of
the sample ... no more bubbles ... no more wasted or lost
samples. Blood may be drawn directly into the measuring
capillary and you get reliable results each and every time.

Whether you want to measure one ... two ... or all three
parameters, IL has the system to fit your present needs; or
you can start with a basic pH unit and add on other para­
meters as future need develops.

For further information call or write your nearest IL
authorized dealer and let him show you why IL pH and Blood
Gas Analyzers are the instruments of choice in leading clinical
and research centers all over the world.

ANNOUNCING
THE NEW
~ ULTRA-MICRO
pH ELECTRODE

DISTRIBUTED IN U.S. BY

ALOE SCIENTIFIC AND SCIENTIFIC PRODUCTS

~~z_I_N_S_T_R_U_M_E_N_T_A_T_I_O_N_L_A_B_O_R_A_T_O_R_Y_,_IN_C_._I

9 GALEN STREET· WATERTOWN, MASS. 02172

TelEPHONE 16171 926-1700 • •ST. lOUIS EVANSTON, Ill.

See Buyers' Guide for all products/sales offices.
Circle No. 120 on Readers' Service Card
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Carbon-filled rubber
surrenders to new Infrared Sampling Technique
Intractable materials like carbon-filled rubber when tamed by
this new Barnes sampling technique are a push-over for your in­
frared spectrophotometer. It's fast. It's simple. It's reproducible.

All it takes is the new Barnes push-button Pyrolyzer ($425
complete). And one Barnes ATR attachment ($525 if you don't
already have one). In three minutes, plus the time it takes your
spectrophotometer to record a spectrum, you've got a finger­
print of carbon-filled rubber or any other similarly intractable
material.

How is it done? We blush to tell you. It's that simple. Just
place a small sample in the pyrolysis chamber of the Pyrolyzer.
Cap the chamber with an ATR crystal. Evacuate the chamber

by means of a water aspirator or conventional vacuum pump.
Set the built-in automatic timer (0 - 15 seconds). Push the
heat-selector button (450°C, 900°C or 1300°C). Presto. The
sample is volatilized. In a few more seconds it condenses on
the surface of the ATR crystal. So far we've used about 90
seconds. Removing the ATR crystal and mounting it in the ATR
attachment consumes another minute. Nothing to do now but
watch the spectrophotometer trace a spectrum that by any
other means would have taken hours to produce.

The Barnes Pyrolyzer is good for a lot of other things besides
carbon-filled rubber. For example, it includes a chamber for
transmission analysis of vapor phase pyrolyzates. Also supplied
is a condensate chamber fitted with a demountable salt window­
disk - again for direct transmission.

Whether used with ATR or not, the Barnes Pyrolyzer extends
significantly the usefulness of your spectrophotometer. Cer­
tainly worth investigating. We'll supply complete data file,
including spectra, on request.
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Why settle for this.
400 DATA POINTS

• •

200 DATA POINTS

when Enhancetron 1024 gives you this
1024 DATA POINTS

Unequalled resa/urian-that's the big difference be­
tween Enhancetron 1024 and other signal averaging
computers. In fact. with its 1024 data points Enhance­
tron offers almost three times the signal definition of
more expensive competitive units. It gives you a precise
picture of every peak and valley in the most complex
wave forms.

The benefits of En!'ancetron 1024 are even more ap­
parent in simultaneous dual input operation. Each signal
is digitized at 512 data points (without time sharing)­
still a clearly defined signal Compare this with other
computers (see photos) that srarr with 400 data points,
then divide them for multiple input use.

I'\\D NUCLEAR DATA INC
102 West Golf Road, Palatine, Illinois 60067

512 DATA POINTS

Special digitizing process: So effective is Enhancetron
1024, it extracts signals from random electrical noises
10 to 40 times greater in magnitude than the signal of
interest. Through a patented digitizing process, repetitive
signals are added in direct proportion to the number of
samples taken, while noise adds in proportion to the
square root of samples taken. Result: a clear signal of
interest that literally grows out of the nOise for display
on your external oscilloscope.

Get complete data on the resolution, speed and ef­
ficiency of Enchancetron 1024. Write for your copy of
Bulletin 1024.

eire!r: N'J, 58 on ReaderS· SefVIce Card
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Nothing is faster or simpler to use than the totally new Beckman IR-l02 Spectrophotometer for scanning GC fractions

or studying reaction rates. It eliminates sample handling and trapping.IR-l02 speed and simplicity result from its all-new

monochromator and detector design. This design incorporates a circular variable interference filter developed and

manufactured to Beckman specifications by Optical Coating Laboratory, Inc., Santa Rosa, California.

For further information about the new IR-102, contact your local Beckman Sales Engineer. Or write for Data File L1R-365.

Beckman' INSTRUMENTS, INC.

SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION

FULLERTON, CAlifORNIA· 92634

INTERNATIONAL SUBSIOIARIES: GENEVA, SWITZERLAND; MUNICH, GERMANY; GLENROTItES. SCOTlAND; PARIS, fRANCE; lOI(YO. JAPAN; c:.,:,:rQW:l, :;O;;T1i "FRI::;\
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fast response, low resistance

COMBINATION
pH ELECTRODES

...

• For samples from 0.2 ml
to a tankful

• Stem 1!4-inch diameter

• Ideal for titrations*-
fast response-compact size

COMBI NATION ELECTRODES, Thomas. Con­
sisting of a glass electrode and a silver-silver chloride
reference electrode sealed into a single body. Bulb
wall thickness and strength provide a sturdier
electrode than heretofore available.

The single Yi-inch stem can be used with samples
of small volume as well as with larger quantities,
and is more convenient for transfer by hand from
sample to sample than bringing the sample to
electrodes in a fixed position.

The glass electrode inner element is shielded from
electrostatic effects and stray electrical fields by the
KCI solution of the reference electrode. Port is
provided for KCI refill. Liquid junction is made by
a sintered oxide plug sealed into the side of the
lower stem Y...inch above tip.

The stable, fast response of this low resistance
glass electrode and the short fixed distance between
it and the reference electrode junction make the
Thomas Combination Electrode particularly valu­
able in avoiding endpoint overshooting in electro­
metric titrations.' The compactness of the design
permits use of small vessels and leaves more room
for stirrers and buret tips.

Electrodes are each 6 inches long. Upper section
is Y..-inch diameter for use in standard electrode
holders. Stem is Yi-inch diameter over the lower
4-inch length. Can be used with samples as small as
0.2 ml in narrow tubes.

Connector plug of the glass electrode fits into the
jacks of most existing pH Meters, either directly
or through available adapters.

4858·L15. Combination Electrode, Thomas,
as above, 6 inches long, range pH 0 to 11, tem­
perature range 0 to 70·C, with 30-inch shielded
lead... 29.50
4858-L60. DiUo, range pH 0 to 14. 38.00

I

'See H. V. ~falmstadl and E. H. Piepmeier, Analytical ellemislry, \101 . .77, ,Yo. I (January, 1965), p. 34

Detailed descriptive buttetin, consisting of pp 464-468
of our 1965 catalog, sent upon request

H. THOMAS COMPANY

I Scientific Apparatus and Reagents
V_HE STREET AT 3RD • P. o. BOX 779 • PHILADELPHIA 6. PA., U. S. A.
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Education and Management

OVER the past fifty years, education, particularly scientific, has be­
come an important factor in managerial success. Previously, wealth

and good connections weighed heavily on the side of the young man who
rose to the top.

A recent survey sponsored by Scientific American and conducted by
Market Statistics, Inc., has explored the educational backgrounds of
1000 top officers-presidents, chairmen, or executive vice presidents-{)f
the 600 largest nonfinancial corporations. Some of these mature men
in evaluating their training expressed their regret that their education
did not give wider exposure to the arts and humanities. Conversely,
men who were educated in the arts expressed a desire for more under­
standing of technical matters.

As we reach the levels of management, success depends increasingly
on understanding and human relationships. Corporations today mu.st
make money, but they must also be part of the community. Scientific
competence does not necessarily lead to an understanding of the as­
pirations of human beings. It is unfortunate that we have had to pro­
duce a generation of lopsided managerial scientists who, by their own
evaluation, feel hampered in the performance of their jobs by their lack
of appreciation of humanities. Many of these men will remedy their
own deficiencies because they have the ability to correct their weak~

nesses as they rise to the top. It would seem that at top managerial
levels the well-rounded individual can contribute most effectively to his
profession, company, and community.

Science and things of the spirit should complement each other. Our
large schools are recognizing this and our young scientists are accepting
the humanities as worthy of study.
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A Stepwise Regression Program for Quantitative
Interpretation of Mass Spectra

D. D. TUNNICLIFF and P. A. WADSWORTH

Shell Development Co., Emeryville, Calif.

l> A computer program that gives
both qualitative and quantitative re­
sults for the sample without requiring
prior detailed knowledge as to the
composition has been developed for
mass spectrometric analyses. The pro­
gram is based on a mathematical
method of choosing from among a
large library of spectra a suitable
small group of spectra such that the
sum of the individual spectra after
multiplying by the proper concentra­
tion factors gives the best least­
squares fit to the sample spectrum.
The library may contain as many as
150 reference spectra with data for
110 masses for each spectrum.

SIMULTANEOUS DETERMINATION of
several components by mass spec­

trometry is usually based on selecting
the most significant peak(s) for each
compound expected in the sample and
then solving the set of simultaneous
equations that defines the relations
between peak intensities and concentra­
tions. This method is simple and gives
good results when the qualitative
composition of the sample is known.
However, if the sample contains one or
more unexpected components, the re­
sults for some components may be
considerably in error. Such errors may
be detected by a difference between the
observed and predicted intensity at a
peak not used in the simultaneous equa­
tions or by a difference between the
sum of the computed partial pressures
and the observed sample pressure. A
large negative value for the con­
centration of one or more components is
also evidence of an error. If there is
any evidence of such errors, the calcula­
tions can be repeated using a different
set of components.

Efficient use of the above approach
requires considerable previous knowl­
edge about the qualitative composition
of the sample. Samples containing
unexpected components, at the worst,
may give undetected erroneous results
or, at the best, may require additional
calculation with a corresponding delay
in obtaining the results. In addition,
the use of this method of calculation
requires considerable skill and judgment
in choosing the best set of masses for the
analysis of a particular sample, in
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evaluating the results of the calculation,
and in deciding what procedure to take
if there is evidence of an error.

A new computer program that avoids
most of these difficulties has been
developed. This program makes use of
a large library of reference spectra of
individual pure compounds. Up to
150 spectra may be included in
the library. If the spectra of all com­
ponents in the sample are present in
the spectral library, the program auto­
matically determines both the qualita­
tive and quantitative composition of the
sample without requiring any advance
information as to the sample composi­
tion. Since the calculations are based
on a least-squares fit to the observed
intensities for as many as 110 masses,
no preselection of the most significant
mass for each component is required.
In fact, the inclusion of the additional
data both improves the discrimination
between compounds with similar spectra
and aids in detecting errors in the data.

This new program is based on a
modification of a stepwise regression
program written by Efroymson (1).
The regression procedure is a mathe­
matical method of choosing from the
library of reference spectra a small
group of spectra which, when each is
multiplied by a suitable concentration
factor, will give the best fit to the sample
spectrum as determined by a least­
squares criterion. During the regression
the calculations proceed in a stepwise
fashion. At each step, an additional
spectrum is selected to give the greatest
improvement in the variance of the fit of
the. predicted spectrum to the sample
spectrum. The concentration factors
for all spectra previously chosen are
recomputed at each step. A spectrum
chosen previously may be rejected at a
later step if the change in variance
caused by removing this spectrum is less
than a preset value. This stepwise
procedure continues until either the
ratio of the concentration to the
standard error for the next spectrum to
be chosen is less than a preset value;
the ratio of the computed to expected
standard error between the observed
and computed spectra is less than a
preset value; or the change for two
consecutive steps of the ratio of the
computed to expected standard error
is less than a preset value.

General Description of the Pro­
gram. The library of reference spec­
tra is loaded ahead of time on mag­
netic tape using a separate program.
The data are ordered in such a
manner as to facilitate exclusion
from the calculations of those com­
pounds that could not be present
because of the lack of any significant
intensity at the higher mass range'.
Also included on the magnetic tape
are a list of the masses to be used and
instructions for reporting the results.

Occasionally, the spectrum of two or
more compounds of interest will be so
similar that it is preferable to report
only the sum of the concentrations.
Two alternate procedures are provided
for such compounds. If the spectra are
very much alike, the best approach is to
prepare a composite spectrum based on'
the usual relative concentrations of each
component. This composite spectrum
is then included in the library of
reference spectra. However, if the
spectra are sufficiently different to
permit even an approximate calculation
of the individual components, it is pref­
erable to include the spectrum of each
individual compound in the library of
reference spectra and to add the com­
puted concentrations before reporting.
When applicable, the second method
will give more accurate results if the
relative concentrations of the com­
pounds being grouped together varies
widely.

The computer input consists of the
program deck, a small set of instruction
cards, and the spectral data for each
sample. Usually these data are first
recorded on punched-paper tape using a
MASCOT and later converted to
punched cards using an IBM 47 tape­
to-card punch. Alternatively, these
punched cards containing the data are
prepared using a Contact Telereader.

The calculations proceed sample-by­
sample, the results being reported for
one sample before calculations are
started on the next sample. The first
phase consists of reading and editing
the sample spectral data, picking out
the intensity data corresponding to the
selected list of masses, applying the
appropriate galvanometer sensitivity
factors, and correcting for background.
The maximum mass with a significant
intensity is found, and the list of com-
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on a water-free or air-free basis, if
desired.

Computer Costs. As mentioned
previously, the computing time is
dependent upon the number of ref­
erence spectra considered in the re­
gression. Figure 1 shows the com­
puter time required on an IBM 7040
as a function of the number of spectra
which may enter the regression. An
IBM 7094 has been found to be about
4.8 times faster for these calculations.

Discussion. This program, with
minor modifications, has been used
successfully for about 2 years for
the daily calculatkm of routine mass
spectrometric analyses. Also, it has
been tested using data for several
hypothetical samples. The data for
these samples were computed using
the calibration data and the desired
concentration of each component,
and then random errors were added to
each computed intensity such that the
standard deviation between the true
and modified intensities is 1% of the
value. Tables I to III show the results
obtained for the analysis of hypothetical
samples A, B, and C. The different
computed values represent results cal­
culated for a different distribution of
random errors in the sample data. All
of these results were obtained using a
library of 129 reference spectra with no
subgroup designation.

The errors in the qualitative composi­
tion observed in Table III for some of
the calculations are a result of marked
similarity between combinations of one
set of spectra and combinations of other
spectra. Similarity between just two
spectra is easily detected by examining
the coefficients in the correlation matrix.
These coefficients may range from 0.0
to 1.0 depending on the degree of
similarity of the two spectra. If very
nearly 1.0, then one of the two spectra
should be eliminated. If the set of
reference spectra should contain two
identical spectra, then the first one of
the two considered will be the one
chosen. However, if two spectra
differ only slightly, then the one chosen
will be the spectrum which gives the

Figure 1. Relation between number of spectra and
computer time required

figures of the ratio of the computed
concentration to the standard error
and the size of the first non-zero digit.
The last term reduces the number of
significant figures if a poor fit to the
sample data is obtained. This may be
due either to an error in the input data
or to the presence of a compound in the
sample whose spectrum was not in­
cluded in the library of reference
spectra. The values for Ao and AI
listed above give an accuracy of ap­
proximately 1-5 units in the last re­
ported figure as based on the computed
standard errOr.

Options and Special Features.
Considerable flexibility in the cal­
culations is available through the use
of several options. Some of these
are described below.

Since the amount of computer time
required is dependent upon the number
of compounds to be considered, there is
an economic benefit in making use of
any prior knowledge as to the qualita­
tive composition of the sample. This
can be done by defining subgroups of
spectra which are used for the calcula­
tions. However, if the ratio of the
standard error to the expected error in
the fit exceeds a preset value, then the
calculations are automatically re­
peated using a second group option
(usually the entire set of spectra).
Since these subgroups are defined by
merely listing the serial number of the
desired spectra, they are readily rede­
fined as required.

As many different magnetic tapes
with different sets of reference spectra
may be prepared as desired and then
any two of these may be mounted on the
computer at the same time. Either
tape may be specified for the calcula­
tions for a given sample. One tape may
contain spectral data for a large set of
commonly encountered compounds, the
other tape msy contain data for a set
of compounds of only temporary
interest.

Any selected list of compounds can be
omitted from the final report and the
results for the balance normalized to
100%. This permits reporting results

number of significant
figures in the reported
concentration (after
truncation)

computed concentration
computed standard error
computed concentration

with decimal point
adjusted so that there
is only one digit to
the left of the decimal
point

= ratio of computed stand-
ard error in the fit
between the observed
and predicted spectra
to the expected error
assuming 1% error in
all intensities

Ao, A" A, = adjustable constants
(current values are
1.6, 0.2, and 1.5, re­
spectively).

(
CON )

NSF = Ao + LOG" ERROR -
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pounds to be considered for the re­
gression is reduced accordingly. A
weighting factor is applied to both the
calibration data and the observed
intensity for each mass. Except for
low intensities this weighting factor
is proportional to the reciprocal of the
observed intensity. This assumes that
the probable error in each intensity
measurement is a constant percentage
of the intensity.

The next phase consists of forming
the regression matrix and proceeding
through the regression. After finishing
the regression, any components with
negative concentrations are removed
since they do not represent a real
solution. The regression is entered
again anf! finally any new compounds
with negative concentrations are re­
moved.

The last phase of the program con­
sists of preparing the output. The
first part of the output is a table of the
observed and predicted (calculated
from the computed concentrations)
intensities for each mass. Another
section is a table of the computed con­
centrations and standard errors for
each component before normalizing and
editing but after taking the sums for
those compounds which are to be re­
ported together.

Compounds with concentrations less
than a preset value are eliminated, the
results normalized to total 100 per cent
and a final report is prepared in
duplicate. The reported results are all
rounded off according to the following
equation

The first three terms take into account
the effect. on the number of significant
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Table I. Results for Hypothetical Sample A

Compound Actual, % Found, %

n-Butan~ 400 40.1 39.7 40.5 40.2 40.2
Isobutane 150 14.8 15.5 14.6 14.9 15.1
Nitrogen 15.0 15.1 15.0 14.6 14.9 15.0
Carbon monoxide 200 20.1 19.6 20.2 200 19.8
Acetone 10.0 98 10 1 10.1 10.0 9.9
Acetaldehyde } 0.2Ethylene oxide

Table II. Results for Hypothetical Sample B

Compound Actual, % Found, %

n-Pentane 5.0 50 5.0 4.9 50 4.9
Isopentane 15.0 151 15.1 15.2 15.3 15.2
n-Butane 5.0 52 5.1 5.1 5.0 4.9
Isobutane 13.0 12.9 12.9 12.7 12.6 13.3
Butenes 22.0 21. 7 22.4 22.2 21.9 21.9

Isobutene,
12.0%

lrans-2-Butene,
5.0%

cis-2-Butene,
5.0%

Propane 20.0 19.8 20.0 200 20.0 20.1
Nitrogen 8.0 8.5 7.7 7.9 82 77
Carbon monoxide 12.0 11.8 11.8 12.0 120 12.2

Table III. Results for Hypothetical Sample C

Actual,
Found, %Compound %

Ethene 10.0 10.0 10.7 9.2 100 10.1
Ethane 5.0 5.1 5.0 5.1 4.9 5.1
Propene 3.0 2.9 1.8 2.4 2.3 2.5
Propane 2.0 1.9 2.0 1.9 2.1 20
Butenes 5.0 52 5.4 5.5 4.7 45

I-Butene, 2.0%
trans-2-Butene,

3.0%
n-Butane 15.0 15.0 15.0 15.4 14.5 15.0
Isobutane 10.0 9.8 89 9.2 11.2 10.4
Pentenes 5.0 4.9 4.6 5.0 3.3 5.1

3-Methyl-l-butene
n-Pentane 50 4.9 47 5.5 46
Isopentane 20.0 20.3 20.5 19.7 20.8 20.6
n-Hexane 5.0 5.0 50 5.1 5.0 49
Cyclohexalle 3.0 2.9 2.3 3.1 1.8 3.1
Methylcyclopentane 2.0 2.1 1.6 2.0
Methylcyclohexane 10.0 10.0 10.0 10.0 10.0 10.0
Propadiene +

02methylacetylene
1-Pentene +

ethylcyclopropane 1.3
I-Hexene 3.1 5.2
Hexenes (branched) 0.9 0.5
Furan 0.1 0.1
Methyl ethyl ketone 1.8
Carbon tetrafluoride 0.2
Acrolein 1.1
Carbon monoxide 05
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computed results for sample D were
excellent. The largest error consisted
of finding 0.8% 1-pentene which was not
actually present.

The results for sample E were not sa
good. Most of the errors could be
attributed to finding several of the
compounds listed for sample D and these
errors in the qualitative composition led
to errors in the quantitative composi­
tion. Some of these errors were as
large as 5%. The small differences
between the four different sets of data
for sample E had a considerable effect
on both the qualitative and quantitative
results. However, considering the fact
that these particular mixtures were the
worst possible combinations and that
manual calculations would be virtuallJ
impossible, the results were surprisingly
good.

Although the program endeavors to
find the set of spectra which gives the
best fit to the observed spectrum, there
can be several nearly equivalent solu­
tions in such cases. Since no purely
mathematical solution can find the
correct answer to such a problem, the
true results can be obtained only by
supplying additional information to the
computer. This may be done by using
the subgroup option to restrict the list

smallest variance even though the
difference may be very small. In this
case, very small differences in the
experimental data can influence the
choice.

The possibility that the composite
spectrum of one group of spectra is very
similar to the composite spectrum of
another group of different· spectra is
very difficult to detect. The effect of
this condition on the calculations was
investigated through the use of a
separate program which predicted that

the composite spectrum of sample D
and sample E as given in Table IV
would be very similar. The computed
intensities of these two mixtures agreed
to about 5% at all the major peaks with
a few slightly larger differences in peaks
of lower intensity. Four different
distributions of random errors were
added to the computed spectrum of
each sample and then these data were
used as input to the regression program
which used the entire library of 129
spectra for the calculations. The

Table IV.

27.05%
0.96

10.75
419
8.20
009
2.06
063
450
6.75

1048
2.82
3.27
241
0.62

14.55
0.09
0.50
0.11

20.37%
9.70
2.54
5.29
4.38
0.03
1.60
1.84
0.76
4.39
2.15
8.05
5.77
651

1940
210
007
1.73
1.68
1.64

Composition of Hypothetical
Samples D and E

Sample D
n-Pentane
3-Methyl-1-butene
Isobutane
Isobutene
Ethane
Nitrogen
Isopropyl alcohol
Isobutyl alcohol
Diethyl ether
Acetone
Diethyl ketone
Acetaldehyde
Propylene oxide
Methyl formate
2-Methylpentane
3-Methylpentane
1-Hexene
Cyclopentane
Methylamine

Sample E
Isopentane
n-Butane
I-Butene
Propane
Ethene
Ethyl alcohol
Allyl alcohol
n-Propyl alcohol
tert-Butyl alcohol
n-Butyl alcohol
Sec-Butyl alcohol
Methyl ethyl ketone
Propionaldehyde
Methyl acetate
n-Hexane
1-Pentene
3-Methyl-1-pentene
Acetic acid
Nitric oxide
2,2-Dimethylpropane



Table V. Steps in Regression
Actual, Found, %

Compound % Step 1 Step 2 Step 3 Step 4 Step 5
n-Butane 40.0 64.5 62.8 53.5 40.2 40.1
Isobutane 15.0 14.1 14.8
Nitrogen 15.0 15.1
Carbon monoxide 20.0 23.6 22.0 23.0 20.1
Acetone 10.0 13.0 12.2 9.8
Variance, % 33.9 246 17.6 11.2 1.0

of spectra considered and thus eliminate
impossible components. Another ap­
proach is to use a provision which forces
any selected group of spectra-pref­
erably the major components-to enter
the regression at the beginning of the
calculations and then allow the re­
gression to find the remaining com­
ponents.

Table V shows the stepwise operation
of the regression procedure for the first
sample from Table 1. The variance
starts at a high value and the computed
results are considerably in error. How­
ever, as additional spectra are chosen for
the regression, the variance becomes
smaller and the computed concentra­
tions approach the true value.

Another possible approach for the
calculation of mass spectrometric data
would be a direct least-squares solution
of the set of equations formed by in­
cluding all possible compounds. How­
ever, in practice this method is not as
satisfactory as the stepwise regression
method. In the least-squares method,
the inclusion of compounds which are
not present will decrease the value of the
determinant and thus increase the
probable error in the computed results
for compounds actually present. How­
ever, with the regression procedure the
probable error is based on the value of
the determinant for only the com-

pounds found and not for the compounds
considered. Another disadvantage of
the least-squares method is that the
number of compounds considered can­
not exceed the number of masses for
which intensity data are available.
In the regression procedure, it is only
the number of compounds found which
cannot exceed the number of masses.
The only limitation on the number of
compounds considered is the amount of
storage space available in the computer
and the amount of computer time avail­
able. The provision in this program
for 150 reference spectra on each
magnetic tape is believed to be quite
adequate.

The program described in this report
is written mostly in Fortran IV for
operation under the IBSYS System.
A few subroutines written in machine­
language are also required. The authors

can supply on request a more extensive
report which describes the operation
of the program with complete listings of
the source decks.
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Reactor Neutron Activation Analysis
by the Single Comparator Method

FRANCESCO GIRARDI, GIAMPAOLO GUZZI, and JULES PAULY

Servizia Chimica Nucleare, Centro Comune di Ricerche Euratom, Ispra, Varese, Italy

~ A method of activation analysis,
based on the irradiation and counting
of a single comparator {cobalt} in­
stead of standards prepared from
known weights of the elements to be
determined, hos been critically eval­
uated. The influence of the variation
of experimental parameters such as
reactor neutron spectrum, neutron flux,
and yield .of -y-ray spectrometers,
has been studied. In a series of
trial runs the accuracy and precision
were found similar to those of the
relative method. The method can
find most useful applications in auto­
mated analysis, or when a large
number of elements are determined
in one sample..

N EUTRoN activation analysis by the
-relative method, until now used

nearly exclusively, requires preparation
and counting of a comparator for each

element to be determined. These
operations are time-consuming and can
introduce sources of error, particularly
when automated systems of activation
analysis are used.

Recently the possibility of eliminating
the comparators by using a direct or ab­
solute method was considered (10).
The results obtained using 1'-ray spec­
trometry to measure induced radioac­
tivity show that this procedure cannot
yet compete in accuracy with the relative
method. This has been attributed to
the uncertainties which still exist in the
knowledge of nuclear constants re­
quired for the calculations, especially
cross sections and 1'-ray abundances of
radionuclides.

Although the accuracy was poor, the
precision of results was generally similar
to that of the relative method. This
suggests that results of the same quality
as those given by the relative method
are possible, if the factor depending on

nuclear constants is not derived by
calculation, but determined experi­
mentally by irradiating known weights
of the element under study with a
neutron flux monitor. Then the un­
known sample would be irradiated with
a similar flux monitor, which would be
used as a single comparator for different
elements.

The two major difficulties of the
absolute method-the necessity of
measuring "total" photopeak surfaces
and evaluating the effective activation
rates of the elements as a function of the
neutron energy spectrum available­
would also be avoided, as the experi­
mental parameters of activation and
counting are not important, if they are
kept constant. The accuracy of the
method is strictly dependent on the
validity of this assumption.

The single comparator method is often
applied in activation analysis, when the
activating flux (neutrons or gamma or
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~ = A? M* (
S*D*W* {j*/j*NE*a* 2)

W = k ::* S;~* W* (3)

where the asterisks refer to the neutron
flux monitor.

By substituting ~ taken from Equa­
tion 2 in Equation 1, we have:

Procedure. SAMPLE PREPARATION.
For the assessment of k values, known
quantities of spectroscopically pure
reagents, generally from Johnson,
Matthey and Co., Ltd., were sealed
in silica vials. Solid samples, aqueous
solutions, and homogenized solid mix­
tures with magnesium oxide were
used, depending on the neutron ab­
sorption behavior of the element
studied.

The samples for the analysis were
sealed in similar silica vials.

The single comparator is a wire of a
cobalt alloy (I % Co, 9% Mg, and

90% AI). The homogeneity of the
wire was tested by neutron activation
and the concentration of cobalt meas­
ured by both neutron activation and a
colorimetric procedure. The wire is
cut in constant lengths containing
0.211 ± 0.002 mg. of cobalt. Silica
vials and comparator are packed to­
gether in aluminum foil and irradiated.

IRRADIATION. The irradiations were
performed in the Ispra I reactor. The
neutron flux and the fractional epither­
mal contribution of the irradiation posi­
tions are reported in Figure 1. The
irradiated samples are received from
the reactor together with the exact
irradiation timing. The integrated re­
actor power is also reported for long
irradiations.

The reactor operates at a constant
power of 5 Mw. for 12-day cycles.
The power level is varied only on agree­
ment of all the reactor users.

RADIOACTIVITY MEASUREMENTS.
After the irradiation the silica vials
are opened and counting sources pre­
pared from the irradiated specimens.
The elements irradiated for the assess­
ment of the k values are usually dis­
solved in slightly acid solutions con­
taining carriers and only a fraction is
taken for activity measurements. The
counting sources are in the form of thin
layers of 25-mm. diameter placed 13 mm.
from the top of a 3 X 3 inch NaI(Tl)
detector (J0) . The cobalt wires are
left to decay for at least one day to
eliminate the interfering short-lived
radioisotopes produced from impurities
in the alloy; then they are counted.

All the activity measurements are
made with a or-ray spectrometer which
has been described (10). The photo­
peak counting rate is evaluated graph­
ically (17) or mathematically by a
procedure derived from the method
proposed by Covell (6) and modified
for use with the IBM 7090 computer
(3).

The irradiations and countings for the
assessment of k are often done together
with the analysis by the relative method.
In this case a new standard is irradiated
each time, together with the unknown
sample and the cobalt wire. The ratio
of the photopeak activity of unknown
and standard is used for analysis by the
relative method; the ratio of the activ­
ity of standard and single comparator is
used to determine k. The experimental
parameters (irradiation and decay times,
amount of standard, chemical form,
dilution, etc.) are changed whenever
possible to minimize systematic errors.
When the values of k determined lead to
a statistically acceptable average, the
standards are no longer irradiated and
the weight of the element is calculated
from the ratio of the photopeak counting
rates of unknown and single comparator.

To be certain that no mistake has
been made in the experimental deter­
minations of k values, the theoretical
values of k are also calculated from
Equation 4 (when nuclear constants are
known) and compared with the experi-

(4)

tJ*/j*NE*a*
-~

tJ/jNEa

M

k=

where

If k is calculated by means of Equa­
tion 4 after evaluating the individual
nuclear constants appearing in Equation
4 on the basis of literature data, the
analysis is done by an absolute method
identical to that described previously
(10). k can also be obtained experi­
mentally from Equation 3 by irradiating
a known amount of element and of the
single comparator chosen and measuring
their photopeak counting rates and
saturation and decay factors.

Once the k value has been determined,
the unknown sample can be irradiated
with a known weight of the single com­
parator and Equation 3 used, if it is
assumed that k is constant--that is, that
no variations occurred in the quantities
appearing in Equation 4 between the
moment of the determination of k and
the actual analysis.

The accuracy of the results depends
on the accuracy of the determination of
the quantities appearing in Equation 3,
and the constancy of the k values.

The determination of A., Ap *, and
W* is also necessary for analysis by the
relative method and, if the half life of the
radioisotope measured is short, ratio
D*/D must also be determined. The
single comparator method introduces as
additional sources of errors only those
related to the measurement of SD,
S*D*, and k. The first two factors
depend only on irradiation and decay
times and are generally easily deter­
mined with good precision. The other
sources of error are related to the meas­
urement of k and its constancy with
time.

Principle of Method. The weight,
W, of an irradiated element is related
to the photopeak counting rate, A.,
of the radioisotope measured by the
relation:

EXPERIMENTAL

where
M = atomic weight of the irradiated

element
= isotopic abundance of the target

nuclide
tJ = effective activation cross section

for the neutron energy spec­
trum used

N Avogadro number
E = efficiency of the detector for

the or-ray measured
a = or-ray abundance in decay

scheme
~ = neutron flux
S saturation factor,
S 1 - r'T, depending on it'radi-

ation time T and decay
constant A

D = decay factor, D = e-,t, where
t is decay time

When the neutron flux is measured by
irradiating a known weight of an ele­
ment (neutron flux monitor) and meas­
uring the induced radioactivity by or-ray
spectrometry, the same relation holds:

W=~ M ()
~SD ~NEa 1

charged particles) is produced by
particle accelerators, as the small
volume available and the high flux
gradient pose severe limitations on the
choice of comparators.

In reactor neutron activation it was
used only occasionally, when many
elements were determined simul­
taneously (9) or when samples and
standards could not be irradiated
together (1). A somewhat similar
method utilizes elements present in
known quantities in the matrix itself as
internal standard (15, 18) with the
advantage of correcting flux perturba­
tions within the matrix. Continuous
flux monitoring by means of suitable
radiation detectors placed near the ir­
radiation positions has also been used
in an automated system (19). Com­
puter coupling assured the automatic
correction of the flux variations during
the irradiation.

In none of this work has the method
been critically evaluated. The im­
portant advantages that could be gained
by the use of a single comparator
method for routine determination of a
high number of elements have induced
us to study its accuracy, precision, and
limits of applicability as a first step to an
automated computer-coupled activation
analysis system. In this work all the
activity measurements were made by
or-ray spectrometry and the treatment
was limited to applications of this
technique.
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Table I. Theoretical and Experimental k Values
')'~ray

k values
1'-ray

k valuesenergy, energy,
Element Isotope m.e.v. Theor. Exptl. Element Isotope m.e.v. Theor. Exptl.

Arsenic AS78 0.56 14 10.55 Nickel Ni" 0.37 14730
Barium Ba139 0.16 228.5 208 1.12 10,790

1.49 9,000
Chlorine Cl" 1.64 879 749 Scandium 8C46 089 0.965 0.7452.15 860 885 1. 12 1.205 097
Chromium Or61 0.32 167.5 120 Silver AgllOm 0.65 }
Cobalt C060 1.17 1 1 067 23.3 20.4

1.33 1.11 1.103 0.70

0.81 }
Copper CUS4 0.51 15.42 14.95 0.88 37.3 31

0.93
Gallium Ga72 0.83 } 20 17.2 Sodium Na24 1.37 32.3 310.89
Hafnium Hf ls1 0.48 16.2 13.2 2.75 60.2 62.8

Rubidium Rb" 1.08 845 1,465
Iron Fe69 1.10 16,960 13,150

1.29 26,000 20,200 Tin Sn 1l7m 0.16 21,800 18,000
Manganese Mnli6 0.85 1.98 1.815 Zinc Zn" 1.11 377 152

Table III. Determination of Chlorine
in lake Water

a Comparators prepared from aqueous'
solution containing known concentration
of Ga(NO,),·8H,O for gallium and
CuSO.· 5H,O for copper.

a For each determination comparators
were prepared by taking different weights
of the same initial aqueous solution con­
taining a known concentration of NH4Cl.
Sample and comparator activities have
been measured at three different instants,
then the initial activity has been deduced
from the decay curves.

Single
comparator

method

IV. Determination of Gallium
and Copper in Aluminum

Results, p.p.m.

Results, p.p.m.
--- Single
Relative comparator
method method

1. 94 1. 94
1. 66 1. 70
1. 92 1. 83
1. 92 1. 92

Av. 1. 86 1. 87
Std. dev. of avo 0.07 0.055

2

1 1 83.2 81.3
2 2 82.8 83.6
3 3 803 81.8

Av. 82.10 82.23
Std. dey. of avo 1.29 070

COPPER

1 10 35.7 33.8
2 20 31 7 32.1
4 20 31. 8 32.4

Av.33.07 32.77
Std. dev. of avo 1.32 0.53

Irra- Com­
diation paratora

1 1
2
3
4

Irra- Com- Relative
diation paratora method

GALLIUM

Table

k Values of Elements. Table I
shows the k values obtained experi­
mentally for 17 elements. The cal­
culated values (Equation 4) are re­
ported for comparison, when possible.
They are generally higher than the
experimental, but systematic dif­
ferences between the photopeak sur­
face measured experimentally and
those theoretically obtained should be
considered. If cobalt is used as single
comparator, the measured surface of the
1.17-m.e.v. photopeak of Co" is about
17% lower than the true value of the
surface, because of peaks overlapping
and coincidence losses, when the evalua­
tion is made with the graphical or math­
ematical methods used by us.

These differences should be taken into
account when comparing the experi­
mental and theoretical k values of all the
elements (except cobalt), although they
have no effect in practical analysis, if the
photopeak surfaces are always measured
in the same way.

The k values reported in Table I are
valid for only one counting geometry
and this fact limits the applicability of
the method when a large range of con­
centrations exists in the samples to be
analyzed. Modern advances in nuclear
instrumentation have considerably de­
creased this limitation, with the com­
mercial availability of detectors and
analyzers which can tolerate rather high
counting rates.

The low source-detector geometries
can be correlated to high source-detector
geometries by means of correction fac­
tors which can be calculated theoreti-

controls on the constancy of the k values
are done. Additional periodical con­
trols on the constancy of neutron energy
spectrum and the performances of the
counting equipment are routinely done.

RESULTS AND DISCUSSION

Table II. Determination of Chromium
in Iron Samples'

Per cent Cr
Single
com-

Irra- Relative parator
diation Comparator method method

mental values. This procedure is possi­
ble, as the activity measurements are
made with a gamma detector whose effi­
ciency V8. -y-ray energy is known (10).
In case of disagreement the origin of the
discrepancy is briefly studied, but the
experimental value of k is preferred, if
the discrepancy remains unexplained.

When the analyses are carried on over
extended periods of time, occasional

Sample with 0.18% Cr
K,Cr,O, 0.172 0.178

solid
2 Cr metal 0.182 0.177
3 K,Cr,O, 0.208 0.176

solid 0.262 0.230
4 Cr metal 0.172 0.170

0.162 0.166
0.155 0.158

5 Cr metal 0.135 0.153
0.150 0.167
0.208 0.220

Av. 0.181 0.179
Std. dev. of avo 0.011 0.008

Sample with 0.879% Cr
K,Cr,O, 0.838 0.880

solid
2 Cr metal 0.84 0.815

0.885 0.845
3 K,Cr,O, 1.010 0.875

solid 0.940 0.940
4 Cr metal 0.890 0.875

0.760 0.780
0.810 0.820

5 Cr metal 0.770 0.870
0.800 0.845
0.810 0.860

Av. 0.851 0.855
Std. dev. of avo 0.023 0.012

• Samples from Bureau of Analysed
Samples, Ltd.
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Table V. Values of <1,/<1.
Isotope CTr/Uo Isotopes (Tr/Uo Isotopes (Tr/O'o Isotopes (J'r/Uo

Na23 0.457 Zn64 1.425 ln lls 18.1 Re l86 9.66
AI" 0.76 Zn68 1.72 In 1l5 12.75 Re187 4.43
p31 0.438 Ga69 1.84 Sb l21 23.8 Irlllt 365
CI'" 0.402 Gan 3.00 Sb 123 53.9 AU l97 15.9
Sc" 0.48 AS76 875 1''' 25.5 Ir193 10.55
V61 0.49 Br79 12.9 Pr l41 1.045 Hg 202 0.55
Mn" 088 y" 0.716 8m l52 12.5 TI'" 11. 75
Fe" 057 Nb" 3.52 EU l63 2.26 TI'" 5.0
C069 1.58 RhlO3 4.32 Hfl" 2.18 Th232 9.05
Cuss 0.975 AgIO? 2.74 Tals1 31.11 U", 2.53
Cu" 1.22 Ag I09 10.3 W I86 10.45 u,,· 101.0

(I; Ur/qO, for chlorine experimentally obtained.
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(11)
W
W.

In terms of cadmium ratio, Equation 11
becomes:

W I (~ )W.=CdR ;::-1 +1 (12)

- u, is a constant for any given
u.

nuclide. Table V shows the values of

C1,- for 44 isotopes, calculated from
u.
thermal activation cross sections re­
ported by Hughes, Harvey, and
Magurno (12, 13) and resonance in­
tegrals reported by Brume and Jirlow
(5) and Macklin and Pomerance (14) ex­
cept for chlorine, which was experimen­
tally determined.

Figure I shows the variation of W IW.
V8. I. and V8. CdR for a few selected

values of C1,- when cobalt is used as
fT.

single comparator in the range of neu­
tron fluxes from an almost pure thermal
flux (0.1% epithermal component) to a
pure epithermal flux. Values of W IW.
of individual elements are also reported
for only one value of I.. The other
values can be obtained by interpolating
the curves of the graph. The figure
shows also the fractional epithermal flux
at the different irradiation positions of
the Ispra I reactor.

The limits of applicability of the
method are clearly shown in relation to
the variations of the neutron energy
spectrum. When the irradiation posi­
tions are well thermalized, variations of
the epithermal contribution have negli­
gible effect on most elements. This is
the case for the Ispra I reactor. All
three irradiation positions correspond to
cadmium ratio for cobalt greater than 50
(I. values lower than 1.5%). Most of
the elements enumerated in Table I can
be irradiated in any of the three irradi­
ation positions without important error.
Only for silver and arsenic a correction
must be applied, if the irradiations are
made in positions different from that
used for the determination of the k value
(pneumatic tube position).

When the epithermal component of
the reactor flux increases, the number of
elements to which the method can be
applied decreases. The elements which
can still be determined are those having

C1,- values within a certain range from
U o

that of the single comparator, the ampli­
tude of the range depending on the
variations ofI. around the average value
for the position and the precision re­
quested from the analysis.

(9)

(10)

1) + I (5)fTo (1
0'" i,

O'r~r + uQ 4to
crT *<»,. + 0'0*4>0

eTa *q.Q + crT *<»"
(f1'*~r

(8)

or ratio of the activity induced in an
uncovered flux monitor (cobalt in our
case) to the activity induced when a
cadmium shield is interposed to absorb
thermal neutrons. We have:

fT.'
I. = fT,' (CdR _ I) + u.' (6)

The effective activation cross sections
of the elements are given by:

u = uo~ + u,--.p,- (7)
.po + 01>, 01>0 + 01>,

CdR =

where I. =.po .p, is the fraction of

the epithermal neutrons in the spectrum,
fT.' is the thermal activation cross sec­
tion for the neutron flux monitor, and
q T * is its effective cross section for reac­
tor neutrons above the cadmium cutoff,
or resonance integral.

From Equation 5 it is possible to
derive:

We can then write from Equations 8 and
9:

where" and 13 are constants.
In a flux of pure thermal neutrons

u = u. and W becomes:

The weight of elements determined in
activation analysis is proportional to the
ratio of the photopeak activities of ele­
ment and flux monitor, and then to the
ratio of their effective activation cross
section. We have:

Equation 10 can be written in terms of
the fractional epithermal contribution,
I., of the total flux; we then have:

cally or determined experimentally. In
the high geometry in which the k values
are determined, coincidence summing for
isotopes which decay with emission of
-y-ray cascades is not negligible. Care
should then be taken in applying correc­
tion factors to these isotopes, as the
change in the shape of the spectra, when
a low geometry is used, might introduce
errors.

Analytical Results. In Tables II,
III, and IV some results obtained
with the single comparator method are
compared with those obtained with
the relative method on three ana­
lytical problems: determination of
chromium in iron samples, chlorine
in lake water, and gallium and copper
in aluminum.

Each set of analyses was done in a
limited period of time (about 2 weeks)
and the k values were calculated by
averaging the individual values obtained
with the comparators.

In the results reported no systematic
error between the values obtained by the
two methods is evident, but the k values
were obtained at the same time in which
the analyses were done, thus minimizing
the effect of possible long-term varia­
tions.

Effect of Variation of Reactor
Neutron Spectrum. Any change in
the reactor neutron spectrum changes
the effective activation cross section
of the element to be determined and
of the single comparator (u andu' in
Equation 4). If the change affects the
two nuclides differently, the ratio of the
cross sections and the AIA' ratio vary.
A systematic error is induced with the
single comparator method if such a
change occurs between the assessment of
the k values and the analysis.

The error induced by a modification of
the neutron energy distribution is dis­
cussed on the basis of the simplifying
assumption that all the neutrons above
thermal energy behave like a single
group.

The relative importance of the epi­
thermal flux, .p" and the thermal neu­
tron flux, .po, in the irradiation position
used, can be experimentally determined
by measuring the cadmium ratio (CdR)
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Figure 1. Variatian of determined weights vs. fractional epithermal flux and cadmium ratio for different ratios between
resonance integral and thermal activation cross section

Single comparator. Cobalt

Relative Counting Rates of Photopea ks of La 140

Energies, m.e.v., of photopeaks of La140

0,33 0.49 0.82 +0.93

0.76 1.42 0,89
0.71 1.46 0,91

modifications take place in the reactor
core.

The Ispra I reactor which is used for
neutron irradiations by our laboratory is
a heavy water moderated reactor. The
epithermal flux never exceeds 1.5% of
the thermal flux in the irradiation posi­
tions in the graphite reflector (4) which
are used for activation analysis by the
single comparator method. Cadmium

The applicability of the method can
be increased by an appropriate choice of
the neutron flux monitor, in relation to
the "quality" of the neutrons available
and 'the nature of the problem under
study.

There are, for example, some elements
(Ta, Sb, I, In, Br, Sm, Tl, W, Ir, Ag, Re,

Th, and, As) having ':c values between
".

8 and 26, for which gold is a better single
comparator than cobalt. Figure 2
shows the W / W. values for the same ele­
ments of Figure 1 when gold is used in­
stead of cobalt as a single comparator,
showing clearly the effect of the change of
comparator.

Fluctuations of f, for the irradiation
positions used depend on parameters
which are typical of the different reactor
installations, such as stability of the
reactor core configuration, influence of
perturbing experiences near the irradi­
ation positions, etc., which should be
controlled carefully before confidence is
placed on the single comparator method.
Periodical controls of f. are evidently
necessary in any case, particularly when

Table VI.

Date of detn.
1962

March 13
May 21

1963
July 10
Sept. 10
Nov. 19

1964
Feb. 4
March 18

Av.
Std. dev. of single detn.
Std. dev. of avo

ratios measured over periods of a few
months never showed variations higher
than 10%.

Figures 1 and 2 show that the single
comparator method can be applied to
almost any element with negligible
errors. If cobalt is used as comparator,

even for uranium for which ':c is
",

greatest, a variation of ± 10% of the

1.6

1
1

0.70 1.35 0,86
0.73 1.44 0.86
0.73 1.44 0.95

0.76 1.405 0.86
0.76 1.34 0.93

0.736 1.409 0.894

0.0204 0.0464 0,0369
0.0077 0.0176 0.0139
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fractional epithermal flux corresponds
with an error of ±4.5% of the weight
determined. For all the other elements
this error will be smaller, less than 1%,
and can be neglected therefore in most

problems if the ~ ratio is smaller
u.

than 12.
Errors Due to Counting Procedure.

In the single comparator method the
experimental quantity determined is
the ratio of two photopeak activities,
as in the relative method, with the
only difference that the or-ray energies of
the two photopeaks are generally differ­
ent. If the efficiency curve for different
or-ray energies does not vary, the two
methods are identical for the counting
problems concerned.

A variation of the curve of efficiency
vs. or-ray energy is very unlikely. It is
nevertheless periodically controlled by
counting a source with widely different
or-ray energies, La"o. In Table VI the
results obtained over a period of 24
months show no evident trend.

Periodical controls of the counting
equipment are important to keep high

standards of quality in activation analy­
sis, whatever method is used: relative,
absolute, or by a single comparator.
Variations of the counting rates can
occur due to an unnoticed change in the
counting geometry, or abnormal func­
tioning of the timing unit or dead time
correction unit. Variation in the re­
solving power of both detector and
spectrometer can also affect tlie meas­
urements of the photopeak surfaces.

Periodical control procedures to keep
track of the performances of gamma
spectrometers are reported in the litera­
ture (7, 8). We count a standard Co"
source at least once a day. Figure 3
shows the counting rates of the 1.17­
m.e.v. gamma peak measured over a 9­
month period.

Periodical checks are also done occa­
sionally at different times of the day to
control the absence of short-term drifts
due to temperature excursion, which is
not negligible in our particular setup.

The exactitude of the dead time cor­
rection is controlled periodically by
measuring the stability of the counting
rate of the 1.12-m.e.v., peak of Zn"when

a very active source of Cr01 (O.32-m.e.v.
or-ray) is brought step by step near the
detector.

Influence of Variations of Neutron
Flux during Irradiation. Since the
half life of the radioisotopes to be
measured is different from that of the
5.3 years of the Co'o comparator, an
error can be introduced from a neutron
flux variation during the activation.
Its value can be estimated by com­
paring the activity, A" which is
formed during the irradiation time, T, in
a variable flux and the activity, A"
formed at a constant average flux, 4>,
which is the quantity indicated by the
Co" monitor. We have then

A, = uNA iT<I>(r) . e-X(T-r) dr (13)

A, = uN 4> (1 - e-'T) (14)

The relative error is given by

Ae-'TiT <I>(r)e'rdr

4>(1 - e 'T) - 1

(15)
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Figure 4. Fluctuations of k values for radioisotopes during periodical control
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last measurement. The new standard
deviations are then calculated.

If the k value obtained with the con­
trol irradiation is largely outside the
limits of the standard deviation, other
irradiations are immediately repeated to
determine eventual causes of errors.

Figure 4 shows the variations during
periodical controls of the Ie values of CI",
Cu'" Rb", and Ag'lOm. The variations

ISTANDARD
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' OF THE SINGLE

MEASUREMENT

31.1

A EXPERJ~ENTAL' CONTROL
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tained. The standard deviations for
the single measurement and for the
average are then calculated. When a
control of the k value is made, only one
irradiation is done and the k value is
determined. If its value falls within the
limits of the standard deviation for the
single measurement of the previously
determined Ie, the value is accepted and
a new average is derived including the

:::Lj i fIt""
-10% tL.....- _

:':::f I
32.6

- 5-/.

Equation 15 can be applied to the case
in which a sudden change of the flux
from <I>(l - L'.) to <1>(1 + L'.) occurs at
time T ~ T /2. It is easy to show that
Equation 15 becomes:

• = L'.tanh (hT/4)

It is then possible to show that if the
sample is irradiated for a time of the
order of one half life of the isotope
formed or smaller, as is usually done to
avoid the formation of long-lived inter­
fering activities, the error is fairly small.
Thus if the neutron flux varies by 20%,
the error for T = t1l2 is only 2%.

Matrix Effects. Self-shielding of
neutrons within the matrix could be
a source of error if the neutron-absorb­
ing behavior of the sample analyzed
is different from that of the specimens
used for the assessment of the k
factors. Various dilutions were used
in these operations to make certain
that the k factor determined is the
one for infinitely thin specimens.

Direct use of these k values is possible
only in the case of nonabsorbing ma­
trices, which is our more general applica­
tion. In other cases matrix effects
should be treated in the same way as
with the relative method-for example,
by calculating the absorption coefficient
from the knowledge of the matrix
composition (J 6). With the single
comparator method the empirical ap­
proach of inserting the monitor wire
within the sample, as done by Anders
(2), can lead in some cases to a satis­
factory solution of the matrix problem,
which cannot be reached so simply with
the relative method.

Experimental Control of Constancy
of k. There is no evident reason
why k should vary with time, with
the limitation produced by the varia­
tion of the reactor neutron spectrum.

A periodical control of the k values is
nevertheless necessary for the elements
determined most frequently as an over­
all check of the correct performances of
the entire analytical line.

The procedure adopted is the follow­
ing: The Ie value is first determined by
doing a certain number of irradiations
within a limited period of time, and
averaging the individual k values ob-
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since the k value was determined for the
first time are within the standard devia­
tion of the average.

APPLICATIONS

The preference of a single comparator
method over the more used relative
method is mainly a matter of experi­
mental facilities available and problems
under study. Evidently if only a
reactor with a high epithermal flux and
nonsteady operation is available, the
method cannot be used simply. A large
variety of elements to be determined in a
small series of samples may not warrant
the preliminary assessment of k values
and continuous control of the constancy
of the experimental parameters.

The method is, on the contrary,
ideally suited for large scale activation
analysis by means of steady and well
thermalized reactors. Under these con­
ditions the method is as precise and
accurate as the relative method and
simplification of the analytical technique
leads to a higher number of analyses per
unit time, possible use of nonspecialized
personnel for many operations, and pos­
sibility of establishing a standard rou­
tine procedure in which the chance of

accidental errors is minimized. The
coupling of this method with the evalua­
tion of photopeak activity and calcula­
tion of weights by means of an electronic
computer (the IBM 7090 in our case)
(J1), further enhances the possibility of
a routine service on a semiautomated
basis. This method has been used satis­
factorily for routine analysis in our
laboratory for more than a year. Appli­
cations include nondestructive determi­
nation of trace elements giving short­
lived isotopes (Mn, Cl, Na, and Cu in
terphenyls, Mn in biological materials)
and destructive analysis of trace ele­
ments giving both short-lived and long­
lived isotopes (Rb, Cs, Sr,Fe, Co, Zn, U,
Th, Sc, Cr, Hg, etc., mainly in biological
specimens) .
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Determination of Oxalate In Beer by Cerate
Oxidimetry and the Application of
Isotopically-Derived Correction Factor
GILBERT H. KOCH

Deportment of Chemistry, University of Wisconsin-Milwaukee, Milwaukee, Wis.

F. M. STRONG

Deportment of Biochemistry, University of Wisconsin, Madison, Wis.

I> The oxalate content of most beers
is below 20 mg. per liter ond usually
below 15 mg. The oxalate can be
more readily and completely precipi­
tated as calcium oxalate after a
known amount of pure sodium oxalate
is added to the beer sample. The
precipitated ca lcium oxalate is deter­
mined by cerate titration in 1N
perchloric acid. By use of oxalic-C 14

acid, the best conditions for the
precipitation of calcium oxalate have
been established. From the radio­
activity of the beer filtrates and the
amount of precipitated oxalate found
by cerate oxidimetry, a correction
factor has been calculated for un­
precipitated oxalate. The oxalate
content of all beers, whether high or
low in oxalate, can now be determined
with an accuracy of ± 0.5 mg. per
liter.
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THE ROLE of oxalate in relation to
some of the problems encountered

in the brewery has been reviewed by
Burger and Becker (5) and by Brenner
(3,4). The formation of calcium oxalate
crystals in packaged beer contributes to
haze, while the presence of micro­
crystalline nuclei of calcium oxalate pro­
motes gushing and overfoaming.
Hence, the oxalate content of beer has
been of interest to the brewing industry
for a long time.

The usual oxalate level, ca. 7-20 mg.
per liter, is too low to be determined
quantitatively by the conventional
method of precipitation of calcium oxa­
late. In the method of Bau (1), which
has been commonly used in the brewing
industry, the beer sample, after the
addition of calcium acetate, is allowed
to stand for 40 hours in the refrigerator
at approximately 4° C. Brenner (3)

has shown by an isotope dilution tech­
nique that 19-60% of the oxalate failed
to precipitate under these conditions
from seven 4-liter beer samples, and
20--48% from eleven 30o-m!. beer
samples. Filtration of the precipitate
and the determination of the recovered
calcium oxalate by ashing or by titra­
tion with dilute permanganate present
numerous problems to the most careful
analyst. Finally, the correction factor
(5) suggested to compensate for the
oxalate remaining in the beer filtrate
and wash water, based on the solubility
of calcium oxalate in water, is meaning­
less and arbitrary since the solubility
in beer is different from that in water
and is further modified by excess of
calcium ions from the precipitant.

The present method incorporates
conditions for the precipitation of cal­
cium oxalate which were established by



the use of oxalic-C14 acid. In addition,
improved filtration and washing tech­
niques are used. From the radioactivity
of the beer filtrate and the determination
of precipitated calcium oxalate by cerate
oxidimetry, a correction factor for un­
precipitated oxalate has been calculated.

EXPERIMENTAL

Apparatus. For tbe filtration of
calcium oxalate a filter tube with a
30-mm., porosity B, glass filter disk
(Ace Glass, Inc., Vineland, N. J.,
catalog No. 8566) was most suitable.
A slurry of medium-size asbestos
fibers was added to the filter tube to
give a I-mm. asbestos pad which must
be sucked down tightly with a vacuum
filtration apparatus. A I-liter filter
flask is necessary to accommodate the
25- X 200-mm. test tubes used later in
the procedure.

A Baird-Atomic Model 123 Abacus
scaler with an EWH-I08 Geiger-Muller
tube (Atomic Accessories, Inc., Valley
Stream, N. Y.) was used for counting
the radioactivity. All samples for
counting were plated on Ill, X l/,-inch
stainless-steel planchets with concentric­
ring bottoms.

Class A volumetric pipets were used
and the cerate titrations were done with
a class A microburet, graduated in
O.02-m!. subdivisions.

Reagents. A 2-mg./m!. solution of
primary standard sodium oxalate from
Thorn Smith (Royal Oak, Mich.)
was used for addition to the beer
samples and for standardization of the
cerate solution. Cerate ammonium
nitrate and nitro-ferroin indicator
were from G. F. Smith Chemical Co.
A 0.02N cerate solution in IN HCIO,
was prepared according to the procedure
of Diehl and Smith (6). This was
standardized by adding 10 m!. of 2N
HCIO, to 10 m!. of the Na,C,O, solution;
diluting with 50 m!. of IN HCIO" and
titrating with the cerate solution as
described under Recommended Pro­
cedure below.

The oxalic-C14 acid was supplied by
the New England Nuclear Corp. and
had a specific activity of 1.25 mc. per
mmole. Solutions of the acid in dis­
tilled water were prepared as needed at a
concentration of 0.36 mg. (5 I"c.) per
3 m!. The gelatin used for plating the
radioactive calcium oxalate was a bac­
teriological grade. Other chemicals
were of reagent grade.

Wash water saturated with calcium
oxalate (7) was prepared by suspending
pure calcium oxalate powder in several
liters of distilled water, in a suitable
container for siphoning, and allowing
the mixture to equilibrate for at least
one day. After the calcium oxalate
had settled, the wash water was filtered
by suction through a sintered-glass
filter tuhe containing an asbestos pad as
described above. A siphoning arrange­
ment was connected from the water
reservoir to. the filter tube. The cal­
cium oxalate remaining in the reservoir
was resuspended with distilled water for

an additional supply of wash water.
A cerate titration of a portion of the
filtered wash water showed that it was
saturated with calcium oxalate after 24
hours of equilibration with the solid
phase.

Procedure. A. RECOMMENDED
METHOD FOR DETERMINATION OF
OXALATE IN BEER. Ten milliliters
(20.0 mg.) of primary standard Na,­
C,O, solution is pipetted into 300 m!.
of decarbonated beer contained in a
400-m!. beaker, and 5 m!. of 10% (w';v.)
Ca(OAc),·H,O is slowly added with
stirring. The beaker is covered with
Parafilm and refrigerated for 4 days at
4° C. The calcium oxalate is then
filtered off and the beaker, funnel, and
precipitate are washed with calcium­
oxalate-saturated wash water. The
beer filtrate is discarded, a 25- X 200­
mm. test tube is inserted into the filter
flask, and the filter tube is replaced with
its outlet in the mouth of the test tube.
The calcium oxalate is then dissolved
with hot IN HCIO, (wash bottle) by
rinsing the beaker and filter tube and
slurrying the asbestos in the filter tube.
This procedure is repeated a number of
times until about 50 m!. of solution has
been collected. The contents of the
test tube are transferred to a 150-m!.
beaker, 3 drops of 0.0025M nitro­
ferroin indicator is added, and the
mixture is titrated with 0.02N cerate
until the solution remains decolorized
for at least 30 seconds. The asbestos
in the filter tube is reslurried with dis­
tilled water, sucked down firmly, thor­
oughly washed, and is then ready for
reuse.

Apparent milligrams of C,O, -, per liter
of beer = (T - S) X N X 44. X 1000

m!. beer

where T = m!. of cerate for beer
sample containing 20 mg.
of added Na2C20,

S = m!. of cerate equivalent to
20 mg. of Na,C,O,

N = cerate normality

The amount of oxalate determined by
the cerate oxidimetry is referred to as
"apparent oxalate" since it does not
include the unprecipitated oxalate ions
remaining in the beer filtrate. For
most beers the unprecipitated fraction
represents a very substantial portion of
the total oxalate. According to the
radioisotope studies described below,
this fraction amounts to 2.6 mg. of
C,O,-, per liter of beer when the
precipitation is carried out as specified
above. Therefore:

Corrected milligrams of C,O,-, per
liter of beer = 2.6 + apparent oxalate

B. EFFECT OF ADDED SODIUM
OXALATE AND REFRIGERATION T,ME.
To conserve oxalic-C14 acid and to
expedite the handling of a large number
of samples in the experimental proce­
dures below, the beer sample volume
was reduced from the customary 300 m!.
to 120 m!. The quantities of reagents
were reduced proportionately and 150­
m!. beakers were used.

A commercial beer known to be low
in oxalate (Beer I) was used to inves­
tigate the completeness of calcium
oxalate precipitation at four levels of
added oxalate--equivalent to 0.54, 2.0,
4.0, and 8.0 mg. of Na2C,O, per 120
m!. of beer--after refrigeration periods
of 2, 3, 4, 6, and 9 days-i.e., 20 samples
in all.

To each of five samples was added 3
m!. of the oxalic-C14 acid solution and
the solutions were thoroughly mixed.
This set of samples represented the
lowest level of added oxalate-i.e.,
0.54 mg. (as Na,C,O,) per 120 m!.
Two milliliters of 10% Ca(OAc),-H,O
was then mixed into each of these
samples and three I-m!. aliquots of each
were immediately pipetted into plan­
chets. No precipitation of calcium
oxalate had occurred at this time.
After 2 days of air-drying, the planchets
were counted as described below. The
observed counts, minus the background
count, represented the initial radio­
activity of all 20 samples.

To each of the remaining 15 samples,
3 m!. of oxalic-C14 acid solution. was
added with stirring and the 15 were
divided into three sets of five each.
To each sample was then added 2 m!. of
a sodium oxalate solution of such con­
centration that the amount of Na,C,O,
introduced was 1.46 mg. in the first set,
3.46 mg. in the second, and 7.46 mg. in
the third. Then 2 m!. of 10% Ca­
(OAc),- H20 was added with stirring to
each solution and all 20 beakers were
covered with Parafilm and refrigerated
at 4° C.

Four samples, one at each level of
added oxalate, were filtered after each
of the refrigeration periods indicated
above. The first 100 m!. of filtrate
was discarded, and the last portion was
collected in a 25- X 200-mm. test tube.
Three I-m!. portions of each beer
filtrate were plated on planchets for
counting of residual radioactivity. The
planchets, after air-cirying, were counted
for 10 minutes with 950 volts applied
to the G-M tube. The planchet to
Geiger tube distance was about 10 mm.,
and the counting efficiency of the scaler
and G-M tube were frequently checked
with a C14 reference source. A back­
ground count was made with a planchet
containing the residue from 1 m!. of
beer. No correction was made for
coincidence loss because the counts were
relatively low. The percentage of the
initial radioactivity remaining in each
beer filtrate was then calculated.

A second commercial beer (Beer II)
was treated in the same manner with the
exception that 24 samples were set up
in order to include a I-day refrigeration
period.

C. CORRECTION FACTOR FOR UN­
PRECIPITATED OXALATE. From the
data obtained in part B, the condi­
tions selected as optimum for the
precipitation of calcium oxalate in
beer were first, the addition of 8 mg.
of Na2C20, per 120 m!. of heer (or 20
mg. per 300 m!.) and second, 4 days of
refrigeration.

To determine the value of the correc­
tion factor, five different commercial
beers were analyzed. The precipitated
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, Refrigeration time 4 days; added N",C,O" 20 mg./300 m!. beer.
b Letters designate different commercial beers and numbers indicate separate analyses.

All analyses were in duplicate except for A-3 and D-4 which were single determinations.
c Determined by recommended procedure, part A, and including added NaZC20".

Values expressed in terms of C204 -2.

d (Precipitated oxalate X 100) + (100 % radioactivity in filtrate).
, Unprecipitated oxalate.

Table I. Radioactivity of Beer Filtrates and Correction
Factor for Unprecipitated Oxalate'

Calcd.
Precipitated Per cent total Correction

Beer oxalatec radioactivity oxalated factor"
sample' mg./300 m!' in filtrate mg./300 m!' mg./300 m!.

A-I 14.57 5.48 15.41 0.84
A-2 14.71 5.32 15.54 0.83
A-3 13.83 4.82 14.53 0.70
B-1 14.68 5.78 15.58 0.9.0
B-2 14.75 536 15.5,9 0.84
C-l 14.85 5.81 15.77 0.92
C-2 15.09 4.37 15.78 0.69
C-3 15.03 4.04 15.66 0.63
D-l 15.24 5.52 16.13 089
D-2 15.25 4.89 16.03 0.78
D-3 15.66 3.86 16.29 063
D-4 15.27 4.19 15.94 0.67
E-1 16.47 5.24 17.38 0.91
E-2 16.76 3.82 17.43 0.67
E-3 16.42 4.48 17.19 0.77

Av. 0.78

a Conditions as in Table I, -footnote a.
All values are averages of duplicate deter­
minations. Beer samples designated as
in Table T, footnote b.

35,-----------,

mg.) of Na,C,O. solution were pipetted
into a 50-m!. volumetric flask. To
precipitate the oxalate, 6 m!' of CaCb
solution (0.4 mg. Ca +2 per m!.) was
added and the reference mixture was
refrigerated. When the above calcium
oxalate precipitates were dissolved and
plated, 2.75 m!' of IN HCIO. was added
to the reference mixture and the solution
was made to volume with 0.2N HClO,.
Two 15-m!. aliquots were transferred
to 25-m!. volumetric flasks and 1%
gelatin solutions were prepared and
plated as described above. The plan­
chets from the beer and reference
samples were counted for 5 minutes as
previously described and the per cent
activity in the calcium oxalate precipi­
tate from each beer was calculated.
]'10 correction was made for coincidence
loss.

Figure 1. Radioactivity remaining in
beer filtrate as function of refrigeration
time

I and II are commercial beers. Beer I, C/D-.;
beer II, O •. 0. 0.36 mg. (Slle.) ofoxalic-CI4
acid added to all beer samples before precipl~

totion of calcium oxalate. Total oxalate added
to 120 ml. beer, expressed as N02C2041

I~A and II~A, 0.54 mg.
I-B and II-B, 2.0 mg.
I-e and II-C, 4.0 mg.
I~D and 11-0, 8.0 mg.

RESULTS AND DISCUSSION

The rate and completeness of calcium
oxalate precipitation in a beer sample
after the addition of excess calcium
acetate will depend on the amount of
oxalate ions present and the refrigera­
tion time. Figure 1 shows the results
with two commercial beers after adding
oxalic-C14 acid and unlabeled sodium
oxalate and measuring the radioactivity
of the beer filtrates after varying re­
frigeration periods. The two beers
contained 3.5 and 7.0 mg. per liter of
apparent oxalate. The pronounced and
continued precipitation of calcium oxa­
late in samples I-A and II-A illustrate
the importance of refrigeration time and
the necessity for the addition of sodium
oxalate. These results further empha-

I~:~
!~: ~:~~§: 10 O"'.~~.-..Q. ..~........ - roB

«- 't:)"'6..~Il-B
a: 5 o..~ r6..... i:~

~ ~· o ......".....:~~:g

o 2 4 6 8 10
REFRIGERATION TIME (DAYS)

oxalate was first determined by the
procedure in part A. Three additional
samples of each decarbonated beer
were then treated according to the
radioisotope procedure of part B to
determine the per cent of radioactivity
remaining in the filtrates. From the
precipitated oxalate values and the
per cent radioactivity left in the filtrates,
the total oxalate content of the different
beers and the correction factor for un­
precipitated oxalate were calculated.

D. RADIOACTIVITY IN CALCIUM
OXALATE PRECIPITATES. As a check
on the determination of radioactivity
remaining in the beer filtrates, deter­
minations of the radioactivity in the
calcium oxalate precipitates were
carried out. The precipitates from the
filtrations in part C were washed with
calcium-oxalate-saturated water and
the washings were discarded. The pre­
cipitates were dissolved from their
respective beakers and filter tubes with
about 40 m!' of hot 0.2N HCIO. in the
general manner described in part A.
The oxalate solutions were made to
volume with 0.2N HCIO. in 50-m!.
volumetric flasks, and 15-m!' portions
were transferred to 25-m!. volumetric
flasks. A solution of 2.5% gelatin in
0.5N NaOH was added until the mixture
became just pink to phenolphthalein and
the mixture was then slightly acidified
with 2 drops of 0.2N HCIO.. The
solutions were diluted to 25 m!' with
2.5% gelatin in 0.02N NaOH (2).
The resulting 1% gelatin solutions of the
radioactive oxalate were mixed and
immediately I-m!' portions were plated
in triplicate on planchets.

At the same time that the beer sam­
ples were set up in part C, a reference
sample (containing the same amount of
radioisotope as in each. beer sample)
was prepared as follows: 3 m!' of oxalic­
C14 acid stock solution and 2 m!' (7.46

71
6.8
8.8
9.3

14.6

Total

98.9
96.9
97.0
97.2
98.5
99.1
95.6
97.8
973
94.1
993
94.3
96.4

97T

5.48
5.32
5.78
5.36
5.69
4.37
4.04
5.52
4.89
3.86
524
3.83
4.20

Av.

93.40
91.54
91.22
91.91
92.83
9468
91.60
92.25
92.47
90.26
94.06
90.50
92.24

A-2
B-2
C-2
D-2
E-2

A-I
A-2
B-1
B-2
C-1
C-2
C-3
D-1
D-2
D-3
E-l
E-2
E-3

Beer
sample

Table II. Apparent Oxalate and
Correction Factor

Refrigeration time: 2 days

Milligrams C,O, -, per liter beer
Appar- Correc-

Beer ent tion Corrected
sample oxalate factor oxalatea

Table III. Radioactivity in Co lcium
Oxalate Precipitates and in Beer

Filtrates'
Per cent radioactivity found

CaC,O,
precipi· Beer

tate filtrate

3.9 3.4
3.6 3.4
5.6 3.7
6.1 2.8

11.4 2.8
Av. 3.2

• Appare~t oxalate + 3.2. Beer sam­
ples designated as in Table I, footnote b.
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Table IV. Apparent and Corrected Oxalate Values of Five Beers'
Milliliters standard cerate

Standardiza-
--,,----

tion
Beer Total (20 m8 Net Milligrams C,O.-, per liter

sample titration Na,C, .) titration Apparent Corrected'
A-I 1705 1539 1.66 4.7

17.12 15.39 1.73 49 7 4
A-2 17.73 15.84 1.89 52

17.75 15.84 1. 91 5.3 7.9
B-1 17.18 15.39 1. 79 5.1

17.22 15.39 1.83 5.2 7.8
B-2 17.39 15.43 1. 96 5.6

17.24 15.43 1.81 5.2 8.0
C-l 17.34 15.39 1. 95 5.5

17.46 15.3-9 207 5.9 83
C-2 17 71 15.43 2.28 6.5

17.72 15.43 2.29 6.5 9.1
D-1 17.82 15.39 2.43 6.9

17.90 15.39 2.51 7.1 9.6
D-2 18.40 15.84 2.56 7.1

18.38 15.84 2.54 7.0 9.7
E-l 19.34 1539 3.95 11.2

19.26 15.39 3.87 11.0 13.7
E-2 19.64 1543 4.21 12.0

19.70 15.43 4.27 12.2 14.7
a Conditions as in Table I, footnote a. Beer samples designated as in Table I, footnote

b.
'Apparent mg. C,O.-'jliter plus 2.6.

size the unreliability of the oxalate
values obtained by the conventional
methods (l, 5). It should be noted that
it is the change in slope of the curve in
Figure 1 that is important and not the
actual percentage of radioactivity re­
maining in the filtrate. The percentage
of radioactivity will naturally decrease
as more unlabeled sodium oxalate is
added to the beer samples. The addi­
tion of 2 mg. of sodium oxalate per 120
m!. of beer was not very effective (Figure
1), but the higher levels, particularly 8
mg., caused most of the calcium oxalate
to precipitate in 24 hours. Four days
of refrigeration is preferred to ensure
more reliable results when applying a
common correction factor to oxalate
values from beers that may vary some­
what in composition. Later results with
five different beers showed that the
steeper slope of curve II-D was more
typical than that of curve I-D.

Table I presents the data for the
calculation of the correction factor for
oxalate ions remaining in the beer
filtlate after the precipitation of calcium
oxalate under the conditions specified.
The residues from 1 m!. of beer filtrates
gave an average count of 75 c.p.m.
compared to an average of 1550 c.p.m.
for the initial count of the treated beer
samples. The assumption is made that
the percentage of radioactivity remain­
ing in the filtrate equals the percentage
of the total oxalate not precipitated.
The average correction factor was
0.78. mg. of C,O,-' per 300 mi. of beer
(Table I), or 2.6 mg. per liter. The
standard deviation was 0.11 mg. of
C,O.-, per 300 m!., or 0.35 mg. per liter.
A comparison of the correction factors
for beers A and E (Table I) with the
oxalate content of these two beers
(Table IV) indicates that a common
correction factor can be used regardless
of the oxalate content of the beer.

Duplicate samples of the five beers
were also analyzed exactly as de­
scribed in part C except that the
refrigeration time was reduced to 2 days.
The results are summarized in Table II.
A somewhat higher correction factor
was found.

Table III shows the percentages of
the added radioactivity which was
found in the calcium oxalate pre-

cipitates. The planchets prepared from
the reference samples (100% activity)
and from the recovered calcium oxalates
gave counts in the range of 3000 to 4000
c.p.m. The average total recovery of
radioactivity from the precipitates plus
the beer filtrates was 97.1%. The
determination of the radioactivity from
the precipitates is more complicated
and subject to more errors than in. the
filtrates. For this reason the values
obtained from the beer filtrate radio­
activities were preferred in calculating
the correction factors.

The addition of 20 mg. of Na,C,O,
to 300 m!. of heer prior to the precipita­
tion of the calcium oxalate may seem
to he an unjustifiably large amount of
oxalate ions (13.1 mg.) compared to
the 2 to 5 mg. present in the beer itself.
Nevertheless, as shown in Table IV,
the replicate results of many beer
samples are in close agreement. The
following factors were important for
securing satisfactory results using the
method described. The filter tube with
asbestos pad provided excellent reten­
tion of calcium oxalate and speed of

filtration compared to other filtration
methods tried. The calcium-oxalate­
saturated wash water assured no loss of
calcium oxalate during the washing
procedure. The titration with cerate
in IN HClO, at room temperature using
nitro-ferroin indicator gave easily rec­
ognizable end points.
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Spectrophotometric Determination of Vanadium(V)
with 6-Hyd roxy-l,7-Phenanthroline

J. A. DOUGHERTY and M. G. MELLON

Purdue University, Lafayette, Ind.

A large excess of alcohol is necessary to
shift the reaction to the right. Extrac­
tion of the reddish species into an im­
miscible solvent should facilitate forma­
tion of this species.

To test this possibility the solvents
used included benzene, carbon tetra­
cWoride, chloroform, ethyl acetate,

EFFECT OF SOLVENT. A 0.2% (w./v.)
aqueous solution of the reagent absorbs
strongly from 400 to 460 ml', as shown
in Figure 1. Also shown therein is the
absorption spectrum for the vanadium­
6 - hydroxy - 1,7 - phenanthroline che­
late in 50% I-propanol the solvent, used
in early work.

To find another solvent which would
shift the absorption band of the chelate
to longer wavelengths, and at the same
time yield a system of high absorptivity,
a number of solvents were used. Table
I lists the data for selected water­
miscible solvents. Because of the
characteristics shown here, together
with the ease of handling, I,2-pro­
panediol seemed to be the best. Other
alcohols gave cloudy benzene extracts
which did not clear readily. No reddish
complex was formed with diethylene
glycol monomethyl ether, mannitol,
I,2,3-propanetriol, or tetrahydrofur­
furyl alcoho!.

In studying water-immiscible
solvents, 15.0 mi. of the phthalate
buffer was used, and the solution was
diluted to approximately 50 m!. with
water. After adjusting the pH to 3.5,
the solution was poured into a
separatory funnel and shaken with two
IO-ml. portions of the solvent. When
the layers separated, the solvent was
drained into a 250m!. volumetric flask
and diluted to the mark with more
solvent. The solvents tested included
I-pentanol, 2-pentanol, I-hexanol, 1­
heptanol, 2-octanol, cyclohexanol,
benzyl alcohol, and chloroform. Al­
though one of these compounds could be
used, none has any particular merit.

The possibility of using 1,2-pro­
panediol was then investigated further.
For the formation of the reddish com­
plex between vanadium and 8-quino­
Iinol, Blair, Pantony, and Minkoff (3)
postulated the equilibrium,

Dark acid chelate +
ROH ~ reddish adduct

0.220

0.335

Absorbance
0.140
0310
0.290
0.350

510

480

490
480
490
475

Table I. Data for Water-Miscible
Solvents for Vanadium(V)-6-Hydroxy­

1,7-Phenanthroline Chelate
Wave-

length of
absorp-

tion
maxi­

mUffi,mlJ.Solvent
Diethylene glycol
Dipropylene glycol
1,2-Ethanediol
Ethanol
Ethylene glycol di­

methyl ether
Glycol monobutyl

ethyl
2-Methyl-2-pro-

panol 475 0.300
1,2-Propanediol 490 0.300
I-Propanol 470 0.365
2-Propanol 470 0.350

All solutions were adjusted to pH 3.5
except glycol monobutyl ether, WhICh was
3.0.

standardized by the method of Willard
and Young (11).

The buffer solutions were made 0.20
or OAOM from reagent grade potassium
hydrogen phthalate.

The chloroform was extracted four
times with water to eliminate any
alcohol. All other organic solvents
were reagent grade. The redistilled
benzene was free of thiophene.

The 6-hydroxy-l,7-phenanthroline
was prepared by the method described
previously (6). A 0.2% (w';v.) solu­
tion was prepared by adding enough
5M hydrochloric acid to dissolve the
reagent and diluting to volume with
water.

The Color Reaction. Possible use
of 6-hydroxy-l,7-phenanthroline as
a chromogenic complexant for vana­
dium(V) involved, first of all, a study
of the effects of several variables upon
the complex and its formation.

As a result of preliminary work, the
following tentative experimental system
was selected: 1.00 m!. of vanadium(V)
solution (0.100 mg. V), 5.0 m!. of a 0.2%
solution of 6-hydroxy-I,7-phenanthro­
line, 6.3 m!. of a 0.2M solution of
potassium hydrogen phthalate, all
diluted to 25 m!. with the desired
solvent. The pH of the system, ap"
proximately 3.5 ± 0.2, was adjusted to
3.5 with a solution of hydrochloric acid
or sodium hydroxide.

I> A new spectrophotometric method
for vanadium(V) employs 6-hydroxy­
1,7-phenanthroline as a complexant.
After development in aqueous solution
containing 40% I,2-propanediol, the
colored complex is extracted into
benzene for measurement at 480 mI'.
The system is stable, conforms to
Beer's low, and has a molar absorp­
tivity of 5.8 X 10'. Of the ions
tested, chromium(VI), iroo(III), tungsten
(VI), and oxalate interfere seriously.

EXPERIMENTAL

Apparatus. The major apparatus
consisted of a Cary spectrophotometer
(Model 10-11) and a Beckman Zero­
matic pH meter. The absorption cells
were 1 em.

Reagents. The stock solution of
vanadium, containing 0.100 mg. of va­
nadium per m!., was prepared by dis­
solving 0.2296 gram of ammonium
metavanadate (NH,VO,) in 25 m!. of
4N sulfuric acid and diluting to 1
liter with distilled water. It was

TN A RECENT PAPER (6) 6-hydroxy­
JlI,7-phenanthroline was proposed as
a new chromogenic reagent for the
spectrophotometric determination of
iron(III). As the presence of vanadium
(V) caused serious interference in the
determination of 0.1 mg. of iron, the
present work was undertaken to study
the feasibility of using the reagent for
vanadium.

Because 6 - hydroxy - 1,7 - phenan­
throline is closely related chemically to
8-quinolinol, prior references to the
latter complexant seem relevant (1-4,
7-10). Vanadium(V) forms a water­
insoluble chelate with 8-quinolinol (7)
which, depending upon the method of
preparation, may be dark purple, dark
green, or yellow. At pH 5 to 6 the
product has a very dark purple hue. An
inert solvent, such as chloroform, gives
a dark purple solution. Alcoholic
solutions have reddish hues. Several of
the papers cited deal with the nature of
the chemical reactions involved.

In preliminary tests, Duswalt (5)
observed that 6-hydroxy-I,7-phen­
anthroline reacted with vanadium(V),
in the presence of an alcohol, to yield a
reddish solution. Both water-soluble
and water-insoluble alcohols reacted.
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Figure 2. Absorption spectra of vanadium{V)-6-hydroxy-1 ,
7-phenanthroline chelate: (1) aqueous 1,2-propanediol so­
lution; (2) benzene solution
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1,2-propanediol may vary between 30
and 60.

EFFECT OF TIME. The previous ex­
periments were repeated using 40% 1,2­
propanedio!. After preparation, the
solutions were shaken with 9.0 m!. of
benzene for one minute and allowed to
stand different periods of time before
removal and measurement of the
extracts. No significant increase in
absorbance occurred after 30 minutes.
The benzene layer clears at once, but
the aqueous layer needs about 30
minutes to clear.

In another time study the absorbance
of the extractate from one of these
experiments was substantially constant
for 48 hours.

were diluted to 25 m!. with I-propanol
and the absorbance was measured at 470
m,. against a reagent blank.

In a second series 1,2-propanediol was
used. After adjustment to a specific pH
value, the complex was extracted into
benzene with two 100m!. portions of
benzene, and the. combined extractates
were diluted to 25.0 m!. with benzene.
Absorbances were measured at 480 !Ill'
against a reagent blank.

The data in Figure 3 show that the
optimum pH range for maximum sensi­
tivity for each system is between 2.5 and
3.5.

EFFECT OF AMOUNT OF REAGENT.
The systems used to study the effect of
amount of reagent contained 0.050 mg.
of vanadium, 1.3 m!. of OAM buffer
solution, 4.0 m!. of 1,2-propanediol, and
different amounts of the reagent. All
were adjusted to pH 3.0 and the complex
was extracted into 9.0 m!. of benzene and
diluted to 10.0 m!. with benzene for
measurement. The data obtained for a
range of concentrations showed that a
molar ratio of reagent to vanadium of at
least 30: 1 is required.

EFFECT OF CONCENTRATION OF 1,2­
PROPANEDIOL. Solutions used to study
the effect of concentration of alcohol
contained 0.050 mg. of vanadium, 1.3
ml. of 0.4M buffer solution, 2.0 m!. of
0.2% reagent solution, and different
amounts of 1,2-propanedio!. The pH
was adjusted to 3.0. After extraction
into 9.0 m!. of benzene, and subsequent
dilution of the extractate to 10.0 m!.
with benzene, the absorbance was
measured at 480 mil. The results
showed that the percentage (v./v.) of

." ""ii
~

0
\

--c>-
~ \'"\ ~

0

\
<110

<150

0.60

w
~ 0.4
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'"£ Q30
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'"

pH

Figure 3. Effect of pH on formation of
vanadium{V)-6 - hydroxy - 17- phenan­
throline chelate: (I) in I -propanol;
(2) benzene

02

1,2-dichlorobenzene, and trichloro­
ethylene. Of these, benzene was
selected. It gives a rapid, clean separa­
tion of layers, and it yields a nearly
colorless solution with. the reagent.
Figure 2 shows two absorption spectra.
Curve 1 is for a solution containing
0.050 mg. of vanadium, 2.0 m!. of
reagent solution, 1.3 m!. of OAM buffer
solution, and 5.0 m!. of 1,2-propanediol,
all diluted to 10.0 m!. Curve 2 is for the
same system after extraction of the
reddish complex into benzene.

EFFECT OF pH. A series of solutions
was made, each containing 0.100 mg. of
vanadium, 5.0 m!. of reagent solution,
and 6.3 m!. of 0.2M buffer solution.
After adjustment to the different pH
values shown in Figure 3, the solutions
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Table II. Effect of Various Metal Ions on VanadiumIVI-6­
Hydroxy-1,7-Phenanthroline System

Absorbance of the chelate alone at the conen. of vanadium employed was 0.545

Figure 6. Suggested structure for the
vanadium(V)-6 -hydroxy - 1,7- phenan­
throline chelate

buffer solution, and 4.0 m!. of 1,2­
propanediol were added. After ad­
justing the pH to 3.0, the solution was
extracted with 9.0 m!. of benzene.
When the system cleared, the extractate
was drained into a 1O.0-m!. volumetric
flask, diluted to volume with benzene,
mixed, and the absorbance measured at
480m!'.

Tables II and III list the ions tested
and indicate the amount of each which
may be present without causing an
error of more than 2%.

Barium, lead, copper(III, chromium
(VI), molybdenum(VI) , and nickel
formed precipitates which had to be
filtered off before extraction. Arsenic
(V), barium, magnesium, sodium, potas-­
sium, citrate, sulfate, nitrate, and
chloride may be present up to 100
times the concentration of vanadium.
Chromium(VI), iron(III), tungsten(VI),
or oxalate must not be present.

NATURE OF THE CHELATE. The
method of continuous variations was
employed to determine the ratio in
which 6 - hydroxy - 1,7 - phenanthroline
combines with vanadium(V). Solutions
containing various mole fractions of the
reagent were prepared. The molar
concentration of vanadium plus reagent
was maintained at 2 X 10-'M. The
color was developed by addition of
potassium hydrogen phthalate, 1,2­
propanediol, and adjustment of the pH
to 3.0. After extracting the chelate
into two 100m!. portions of benzene and
diluting the extractates to 25 m!. with
benzene, the absorbance was measured
at480m!'.

The data of Figure 5, which show a
peak at 0.69 mole of reagent, indicate
a ratio of 2: 1 for the combination of
reagent with vanadium. In line with the
structure proposed by Blair, Pantony,
and Minkoff (3) for the vanadium-8­
quinolinol complex, the structure shown
in Figure 6 is suggested for the chelate
of vanadium with 6-hydroxy-1,7-phen­
anthroline.

Amount
permissible
mg./10 m!.

0.2
5
5
0.2
2
o
0.2
o
5
5
0.2
0.2
5
0.2
2
1
o
0.2

Absorbance
480 m!'
0.520
0.550
0.545
0.570
0.540
0.150
0.525
1.385
0.555
0.550
0.525
0.525
0.545
0535
0.580
0590
0.505
0.560

To a series of beakers containing 0,
0.050,0.100,0.150,0.200, and 0.250 mg.
of vanadium, 2.0 m!. of a 0.2% solution
of reagent was added for each 0.050 mg.
of vanadium present. To eacb solution,
6.0 m!. of OAM buffer solution and 5.0
m!. of 1,2-propanediol were added.
After adjusting the pH to 3.0, the red­
dish species was extracted by shaking
with two IO-m!. portions of benzene.
In each case the system was allowed to
clear. The extractates were combined
in a 25-m!. volumetric flask, diluted to
volume with benzene, mixed, and the
absorbance measured at 480 m!' against
a reagent blank. The data, plotted in
Figure 4, show that 6-bydroxy-l,7­
phenanthroline is the more sensitive of
the two reagents, and that each system
conforms to Beer's law. The molar
absorptivity calculated from these data
for the new reagent is 5.8 X 10'.

INTERFERENCES. To investigate the
effect of various possible interfering
species, a solution containing the ion in
question was pipetted into a 10.D-m!.
volumetric flask containing 0.050 mg.
of vanadium. Two milliliters of a 0.2%
solution of the reagent, 1.3 mI. of OAM

Amount
added

mg./IO ml.
0.5
5
5
0.2
2
0.2
0.2
05
5
5
0.5
0.2
5
0.2
5
5
0.2
0.5

1.00.8

Added as
Na,C,H,O,
NaCI
KCIO,
KCN
NaF
NaNO,
Na,C.O.
KH,PO.
Na,SiO,
Na,SO,
Na,C.H.O,

0.6

Added as
AI(NO,I,
Na,HAsO.
BaCI.
Bi(NO,I,
Cd(NO,).
K,Cr,O,
CuSO.
Fe(NO,],
KCI
MgSO.
MnSO.
Na,MoO.
NaCI
NiCl,
Pb(NO,I,
UO,(C,H,O,I,
Na,WO.
ZnSO.

02 0.4o

Table III. Effect of Various Nonmetal Ions on VanadiumIVI-6­
Hydroxy-l,7-Phenanthroline System

Absorbance of the chelate alone at the concn. of vanadium employed was 0.545
Amount Amount
added Abscrbance permissible

mg./IO m!. 480 ml' mg./10 m!.
5 0.535 5
5 0.545 5
5 0.560 3
0.5 0.580 0.2
0.5 0.570 0.2
5 0.550 5
0.2 0.435 0
5 0.520 2
5 0.560 3
5 0.550 5
5 0.525 3

Ion
AI+'
AsO.-'
Ba+2

Bi+3
Cd+'
Cr,o,-'
eu+!
Fe+3
K+
MgH
Mn+2
MoO.-'
Na+
Ni+2

Pb H

UO.+'
WO.-'
Zn+2

Ion
Citrate
CI­
C10,­
CN-
F­
NO,­
Oxalate
PO.-'
SiOS-2

SO,-'
Tartrate

V\
7

0

\/
0

II
0

/
0.2

1.00

0.8

MOLE FRACTION OF
6-HYOROXY-I,7-PHENANTHROLINE

Figure 5. Data for continuous varia­
tion study of the vanadium(V)-6­
hydroxy- 1,7-phenanthroline chelate

CONFORMITY TO BEER'S LAW. To
determine the effect of vanadium con­
centration, the following study was
made. Both 6-hydroxy-I,7-phenanthro­
line and 8-quinolinol were used to com­
pare the sensitivities of the two re­
agents.

ILl
U
Z
~ 0,6
a:
o
lI'>
to 0.4..
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RECOMMENDED PROCEDURE

The following procedure is recom­
mended for determining vanadium(V)
with 6-hydroxy-1,7-phenanthroline.

Sample. Procure a representative
sample and subject it to any necessary
preparative treatment to obtain a
usable solution. If necessary, remove
any interfering ions to bring them
within the tolerance limits listed in
Tables II and III. The solution
should be sufficiently acidic to prevent
precipitation of hydrous oxides or
hydroxides.

Calibration Curve. With a pipet
transfer 0, 0.50, 0.75, 1.00, 1.25, and
1.50 m!. of stock vanadium solution,
containing 0.100 mg. of vanadium
per m!., to a series of 100-m!. beakers.
To each beaker add 7.0 m!. of 0.2%
(w./v.) solution of reagent, 6.0 m!.
of OAM potassium hydrogen phthalate
buffer solution, and 10,0 m!. of 1,2­
propanedio!. Adjust the pH to 3.0 with

a solution of hydrochloric acid or
sodium hydroxide, pour the solution into
a separatory funnel, and extract the
colored complex with two 10-m!.
portions of benzene. Allow the system
to stand until clear each time. Drain
the benzene layers into a 25-m!. volu­
metric flask, dilute to volume with ben­
zene, and mix.

Measure the absorbance of each
solution at 480 m).! against a reagent
blank. Plot a calibration curve with ab­
sorbances as ordinate and wavelengths
as abscissa.

Procedure. To 2.0 m!. of the
prepared solution, containing not more
than 0.15 mg. of vanadium, develop
the color as already described. Ex­
tract the reddish complex in the same
way with benzene, and measure the
absorbance of the extract at 480 mil
against a reagent blank. Determine the
amount of vanadium from the calibra­
tion curve.
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Mass Analysis of Subnanogram Quantities of Iodine

J. A McHUGH and J. C. SHEFFIELD

General Electric Co., Schenectody, N. Y.

~ A. mass spectrometric method em­
ploying an ion source that generates
ions by sputtering has been used in
obtaining the isotopic abundance anal­
ysis from nanogram quantities of iodine.
Negative iodine ions are mass an­
alyzed in a spectrometer composed of
two magnetic sectors followed by an
electrostatic analyzer. The high abun­
dance sensitivity (> 10':1) permits
one to measure minute quantities of p29

in the presence of large amounts of
normal \,27. This method has direct
a pplication in studies utilizing (1"
tracer. The sensitivity of the method
is sufficiently high that 10 -13 gram of a
given iodine isotope can be detected
in a sample.

WITH THE INCREASED INTEREST

in It" as a tracer (1, 3), the need
for simple and sensitive detection
capabilities for iodine has become
evident. The existing activation
analysis technique for It" and 1' '',
although quite sensitive, is a rather
lengthy procedure, and one that re­
quires convenient access to a high flux
reactor.

A mass spectrometric method utilizing
an ion impact solids source (2) has been
used in obtaining the isotopic abundance
analyses of nanogram iodine samples.
Negative iodine ions are generated in

the source through bombardment of an
iodine sample with an energetic positive
gas-ion beam. The secondary negative
ions are accelerated, mass analyzed, and
detected. The lower limit for detection
of any iodine isotope, based on the
observed ion intensities from known
samples, is 1O~13 gram.

EXPERIMENTAL

A detailed description of the .ion­
impact-solids source is being prepared
for publication (2). This source, hence­
forth referred to as Source I, is shown
schematically in Figure 1. The pri­
mary ions are generated by electron
bombardment of Hg vapor in 8 ,. The
ion beam follows the path indicated, and
is focused onto the sample filament 8,.
Typical primary ion currents to 8, are
in the range of 10-' to 10-9 A. The
secondary ions produced from the sam­
ple (in this case 1-) by the primary ion
beam are extracted, focused, and mass
analyzed.

A second source, henceforth referred
to as Source II, has been developed
exclusively for the production of nega­
tive ions. A schematic of Source II is
shown in Figure 2. Positive ions
generated from the gas molecules in the
ionization chamber are drawn out and
bombard the sample at 8. The nega­
tive secondary ions are accelerated and
focused by the lens system. The nega­
tive ions pass through the region where
the positive ions are generated, through

the collimators, and into the mass
analyzer. Source II has the advantage
of being much simpler than Source I,
and thus is preferred for negative ion
production.

The ion detectors employed in the
mass spectrometers were electron multi­
pliers operated with the first dynode at
ground potential and the collector at
positive high voltage (this eliminates the
loss in energy the I - would experience
when impinging on a conventionally
operated electron multiplier). The
pulses are taken off through a high
voltage capacitor, amplified, and fed to
a high speed counting system. In
order to obtain a chart recording of a
spectrum, a count rate meter is used in
conjunction with the high speed
counter. The output of the count rate
meter drives a strip chart recorder.

DISCUSSION

The first attempt at obtaining an
I - beam was with Source I and a l2-inch
radius, 60°.~ector, single-direction fO<'us­
ing mass spectrometer. One microgram
of It" was evaporated onto a flat W
ribbon filament from an aqueous solu­
tion of KI. A large negative I127 ion
beam was observed. In addition low
intensity negative ion beams of other
masses, due mainly to hydrocarbons
and oxygen-containing species, were
observed. Large beams of WO,~ are
observed from the W sample filament.
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ELECTRON BEAM
Figure 1. Schematic diagram of ion impact solids So urce I

A heavy line on the main block indicates a conducting coating. Source
electrodes have been designated as follows: DO - drawing out, Be ­
beam centering, C ~ collimator, fA - electrostatic deflector-analyzer, and
T - the tilt plates

10000

2000

127129
MASS

Figure 3. Mass spectrum of an iodine
sample containing 4 X 10-9 gram of
fission product I'29

Spectrum taken with Source I In single-stage,
12-lnch radius, mass spectrometer

Figure 2. Schematic diagram of Source II

Refer to Figure 1 for electrode designations

selective as the thermal or surface
ionization process, and thus it is possible
to generate ions from many different
materials residing in or on the sample
surface. There is selectivity, though,
in that the electronic structure of sample
atoms, or the atomic composition of
sample molecules determines the ratio
of positive to negative secondary ions
produced. Because of this selection, the
negative secondary ion mass spectra are
freer of contaminant peaks than the
corresponding positive ion spectra.
This is because the major contaminants
encountered are from hydrocarbons
present as residual gases in the spec­
trometer vacuum system. Pure hydro­
carbons produce a greater preponderance
of positive ion species. However,
contaminants containing oxygen or any
highly electronegative species generally
will yield appreciable negative ions.

We have observed what appears to
be an oxygen-containing hydrocarbon
of mass 129. It has been observed in all
analyses to date. Figure 5 shows a
spectrum taken from an analysis of a
sample containing 3 X 10-11 gram of
II"'. The impurity peak is quite large.
The resolution of the spectrometer is
sufficient to detect and make an ac­
curate measurement of the II"': II'"
ratio in the presence of 100 times more
impurity. The contaminant comes
mainly from the vacuum system environ­
ment. This conclusion is reached from
our observations that the ratio of hydro­
carbon-129 to II'" can be changed (and
reduced considerably) by raising the
temperature of the sample and by pro-

of another isotope. This feature is
required if one is to successfully ~se

1129 as a tracer. One can foresee m­
stances when large quantities of normal
1127 will be present in the iodine sample.

The mass spectrometer used in the
remainder of this work possesses two
stages of magnetic analysis arranged in
a C-configuration, followed by a 90°,
12-inch radius, electrostatic sector which
precedes the electron multiplier de­
tector. A schematic layout of the
instrument is shown in Figure 4.
Source II has been installed in this
spectrometer, and the results that
follow will be for this source. Com­
parable results were obtained with
Source 1.

The ability to control sample con­
taminants will ultimately set the limit­
ing sensitivity of this method. The
sputtering process is not as highly

• ~ NEGATIVE ION BEAM
1---- TO MASS ANALYZER

I
p? Z Z 2 2 &1",7 Z 2 2 2 2 I

r-------~-------, -----C(GROUND POTENTIAL)

T~"-""-,,-,,-~,,j,,==,,,,==) /

'Z? Z?'i:~ELECTRON BEAM FOR

BC_ f PRODUCTION OF POSlrlVE IONS
~il1"""""'"

DO a:z::z:z:z:J':2ir;=:::::- POSITIVE ION PRII4ARY BEAM AND=====...t" NEGATIVE SECONDARY ION BEAM
-e.6kv- S--

GAS INLET

The sensitivity of this source for iodine
was demonstrated by analyzing an
iodine sample which contained 4 X 10-9

gram of fission product 1129 • A spectrum
taken from this sample is shown in
Figure 3. For a primary ion current of
5 X 1O-9A. we observed a counting rate
in excess of 10,000 counts per second for
the 1129• Based on this observation one
should be able to achieve a detection
capability of 10-13 gram for the non­
natural-occurring 1129, or for that
matter, any other iodine isotope.

The successful demonstration show­
ing the high efficiency this source has for
iodine warranted installation of this
source in a mass spectrometer which
is capable of measuring large isotope
ratios (> 10' :1). With our source in
such a machine, it becomes possible to
measure small quantities of one isotope
in the presence of quite large quantities
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Figure 5. Spectrum taken from analysis of a sample con­
aining 3 X 10-11 gram 112•
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Figure 6. Spectrum taken for a l-}lg. sample of natural
iodine

encountered with the detection, of very
small iodine samples, <10-12 gram.
One must not lose sight of the fact that
10-'_ to lO- lO-gram iodine samples can
be handled easily and without any
modifications to the spectrometer vac­
uum system. To our knowledge, no
other mass spectrometric method exists
which can handle iodine samples at this
level and with the ease offered by the
ion impact source.

longed bombardment of the sample
with a large primary ion beam. The
contaminants are either vaporized or
sputtered from the surface with this
treatment. Control and elimination of
vacuum system contamination can be
achieved through the use of ultrachigh
vacuum techniques-all metal systems,
metal gaskets, bake-outs, etc.

The abundance sensitivity of the mass
spectrometer is such that large isotope
ratios can be measured without any
interference from the more abundant
isotope. Ratios of adjacent mass iso­
topes exceeding 10': 1 can be measured.
The mass peak produced by an ion im­
pact SOurce tails to the high mass side
because some ions of that mass possess
more energy than the average. The
three-stage spectrometer (magnetic,
magnetic, electrostatic) eliminated the
interference at the adjacent higher
masses caused by this tail. A spectrum
taken for a 1-),g. natural iodine sample
is shown in Figure 6. The 112' beam
intensity was in excess of 10' counts/
second (beams in excess of 10' counts/
second have been obtained for I samples
of· 1 to 5 I'g.) and at the 112• mass
position the intensity was 0.5 count per
second. This intensity at the 129
position corresponds to slightly less
than 10-12 gram of·I''''. Whether this
is 1'''' contamination of the natural
sample, or an impurity of the same mass,
has not yet been ascertained. Ions
like C,C!,-, BrO,-, and H,I12'- could
not be differentiated from P"'. To date,
experiments liesigned to prove that the
small peak at P'" is due to molecular
species have yielded negative results.

Most of our later discussions con­
cerned the detection, and the problems
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Pulse Polarographic Determination
of Nickel and Vanadium

D. D. GILBERT'

California Research Corp., Richmond, Calif.

Pulse
polarographic

0.52,0.40,0.56
2.0,2.4,1.9
2.6,3.0,2.7
13, 14, 13
58,53
49,45

redissolved in 10 m!. of O.lN hydro­
chloric acid. After quantitative trans­
fer to a 25-m!. glass-stoppered cylinder,
water was added to about 20 m!. and
ammonium hydroxide (28 to 30%)
added until the solution was pH 8 to 9
(pH paper). The solution was diluted
to a final volume of 25 m!. with water.
After a 5-minute deaeration, the peak
or "derivative" mode pulse polaro­
gram was obtained.

R~SULTS AND DISCUSSION

Figure 1 is a typical polarogram of a
hydrocarbon sample taken through the
procedure (upper curve). The current
peaks at about -0.78 and -1.20 volts
(VB. Hg pool) are reductions of nickel
and vanadium, respectively. The lower
curve is that obtained with the reagents
used to dissolve and treat the decar­
bonized sample. Over a period of time,
the base lines of the polarograms begin
to slope, and small periodic oscillations
appear in the curves. These two effects
present no problem in determining
nickel or vanadium at 0.08 Itg. per m!.;
but at lower concentrations, both effects
must be minimized before higher instru­
mental sensitivities can be used. This
is readily done by installing a new capil­
lary.

The magnitude of the current at its
peak value, above that of the reagent­
supporting electrolyte background, is
proportional to the concentration of the
nickel or vanadium. Measurements
are made from the tops of the two
curves. The spike between current
measurements is just a discharge of a
portion of the current that was stored
in the measuring circuit before the next
measurement is recorded. Linear cali­
bration curves are obtained for both

0.53,0.48
2.1,2.5
2.8,2.9
13,14

Colorimetrica

Typical Nickel and Vanadium Determinations

Emission
spectroscopic

0.65,0.55
2.3,2.1
1.9
13
59
50

Table I.

2

3

Sample
1

Metal
Ni
V
Ni
V
Ni
V

• Modified procedure of Forrester and Jones (4).

throughout a I-volt d.c. potential sweep.
Current measurements are taken during
the last 20 milliseconds of the applied
40-millisecond pulse. Background cur­
rent from the d.c. ramp is filtered out,
and only the change in current resulting
from the pulse is measured. All data
were obtained with a 7.5-minute, I-volt
sweep. The signal-ta-noise ratio was
enhanced by using a smoothing circuit
with an output voltage that was a
function of the last three drop lives.
A sensitivity was used such that the
recorder deflection was 11 X 10-'
ampere per inch. The over-all sen­
sitivity of the instrument can be
increased by 20-fold. Cells with a
mercury pool anode were thermo­
stated at 250 ± 0.30 C.

Reagents. Nitrogen for deaera­
tion was passed through a two-stage
purification train, the first containing
lead wool and an alkaline 1,2-naphtho­
quinone-4-sulfonic acid solution and
the second a sulfuric acid solution of
chromous sulfate over amalgamated
zinc. The unit is designed to re­
generate chromous ion continuously
in the second scrubber.

Standard solutions were prepared
from Fisher Certified ammonium meta­
vanadate and Matthey nickel sponge.
Distilled water was used after passing
through a mixed bed ion exchanger.

Procedure. Petroleum stocks, con­
taining about 5 to 10 Itg. each of nickel
and vanadium, were first evaporated
on a hot plate and then decarbonized
in a muffle furnace at 6000 C. There
was no evidence of the volatilization
of nickel or vanadium when compared
to previous analyses using a sulfuric­
nitric acid digestion. Volatile nickel
or vanadium compounds may be present
in samples from other sources, in which
case a wet-ashing or acid-digestion de­
composition of the hydrocarbon would
be prefcrable. Residues were treated
with aqua regia, taken to dryness, and

I Present address, Dept. of Chemistry,
Arizona State College, Flagstaff, Ariz.

l> The increased sensitivity for reduc­
ible species obtained by pulse polar­
ography, in contrast to direct-current
polarography, allows microgram
amounts of both nickel and vanadium
to be determined with a single polaro­
gram. Considerable time is saved
over conventional polarographic or two
different colorimetric procedures. The
method has been successfully applied
to petroleum stocks containing 0.5 to
50 p.p.m. of either metal; lower
levels can be determined with larger
sample sizes and higher available
instrumental sensitivity.

EXP~RIMENTAL

Apparatus. The peak or "deriva­
tive" mode of the Southern-Harwell
Mark II Pulse Polarotrace (Southern
Analytical, Ltd., Camberley, Surrey,
England) was used to obtain all
pulse polarograms. In this mode a
single, 40-millisecond, 35-mv. voltage
pulse is superimposed on an increas­
ingly negative d.c. ramp once during
the life of each mercury drop. At the
conclusion of the pulse, the drop is
automatically knocked from the capil­
lary; and there is a I-second delay
with the new drop until the next pulse
is applied. The cycle repeats itself

PULSE polarography has an inher­
ently higher sensitivity for both

reversible and irreversible reductions
and yields better resolution between two
electroactive species than conventional
direct-current polarography (1, 2, 7).
These characteristics have been applied
advantageously to the determination of
nickel and vanadium in petroleum
stocks. The two metals are well known
catalyst poisons, and rapid analytical
methods are continually sought for
them. The high sensitivity of pulse
polarography allows a relatively small
sample to be taken for decomposition,
considerably reducing the elapsed time
over a conventional polarographic anal­
ysis. Since both metals can be deter­
mined from one pulse polarogram, the
analyses can be completed in less than
one half the time necessary for most
colorimetric methods.
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Figure 1. Typical pulse polarographic data

Upper. Sample taken through procedure, 5.7 X lO-8M Ni+2,4.3 X lO-8M V+5
Lower. Electrolyte-reagents blank

nickel and vanadium between 0 and 0.4
"g. of Ni per m!. and 0 and 0.8 I'g. of
V per m!. with maximum currents of 80
and 75 nanoamperes, respectively. The
linear relationship holds for even higher
concentrations of these metals, but they
are of no interest in this work.

Typical results for three different
samples are shown in Table 1. There
is good agreement with colorimetric and
emission spectroscopic analyses. Sam­
ple 3 was analyzed for both nickel and
vanadium, pulse polarographically, in
about 90 minutes using 0.1 gram of
sample. No. 1 required 10 grams of
sample and about 4 hours; solution
volumes can be decreased and instru­
mental sensitivity increased so that less
than 2 grams would be sufficient, re­
ducing the elapsed time to less than 2
hours. No interference has been en­
countered from metals ordinarily pres­
ent in petroleum stocks.

The interpretation of many peak-type
pulse polarograms is rather difficult
because the shapes of the curves are a
function of the electrode process kinetic
parameters (2). The reduction of vana­
dium at the dropping mercury electrode
in an ammoniacal medium is particu­
larly complex (3, 6), and no attempt has

been made in this work to determine the
electrode process. Only one peak is
observed for the vanadium reduction,
in about O.OIM NH,-O.OIM NH,Cl, up
to a concentration of 3 X lO-'M vana­
dium(V) with a linear relation between
peak current and concentration.
Higher concentrations were not studied.
The vanadium pulse polarogram does
not change after the solution is heated.
Evidently, equilibrium between the
various vanadium(V) species is estab­
lished rapidly at these concentrations,
whereas millimolar vanadium(V) solu­
tions must be heated for a short time to
hasten equilibrium before obtaining a
polarogram (6).

The use of a dilute ammonia-am­
monium chloride supporting electrolyte
is beneficial on two counts. First,
there is an increased separation between
the nickel and vanadium peaks, in
contrast to a solution of 1M ammonia
and 1M ammonium chloride (470 mv.
VS. 110 mv.). This is particularly ad­
vantageous should there be a high ratio
of nickel to vanadium, in which case the
vanadium could be easily determined.
Very high ratios of one metal to the
other were not encountered in this work.
The second advantage of the more dilute

supporting electrolyte is the minimiza­
tion of contamination from reagents.
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Tracer Techniques in Sulfur Dioxide­
Air Pollution Studies

Apparatus and Studies of Sulfur Dioxide Colorimetric
and Conductometric Methods

PAUL URONE, JAMES B. EVANS; and CLAUDIA M. NOYES

Department of Chemistry, University of Colorado, Boulder, Colo.

l> Analytical tracer techniques for
studying the role of sulfur dioxide in air
pollution problems were developed.
An apparatus was built which made it
possible to measure directly microgram
quantities of sulfur dioxide tagged
with 5". The tagged sulfur dioxide
was followed fram its original pure
state to its mixture at high dilution in
purified air, to the sampling medium,
and finally to the quantitatian step,
and was measured by proportional
tube counting and scintillation solution
counting techniques. Colorimetric and
conductometric methods for determina­
tion of sulfur dioxide were evaluated
by radiochemical tracer techniques.
Colorimetric standards prepared from
measured quantities of gaseous SO.
gave greater color intensities than
standards prepared from equivalent
amounts of standardized bisulfite solu­
tions. Tracer techniques showed that
conductometric methods became un­
reliable at concentrations below 1
p.p.m., even though purified diluting
air was used, and sampling methods
lost efficiency below 0.1 p.p.m. for
both colorimetric and the conducto­
metric methods. A second bubbler in
series was not able to capture the 5"0,
lost by the first bubbler. This indicates
that series bubblers cannot be used for
evidence of absorbing solution effi­
ciencies. Correlation af colorimetric
and radiochemical analytical tech­
niques can give useful supplementary
information on the reactions of SO,
in controlled atmospheres.

MANY chemical and physical
methods of analysis have been

proposed for studying the role of sulfur
dioxide as one of the more common air
pollutants (2, 4, 5, 8-10). In general,
quantitation of the actual pollutant has
depended upon the comparison of the
over-all chemical resultant of the air
sample with the equivalent reaction
of a carefully controlled laboratory

1 Present address, National Standards
Foundation, Inc., Boulder, Colo.
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"standard." In question are the
efficiencies of the sampling processes and
the effects of concentrating the pollutant
by many orders of magnitude into a
liquid or solid medium in the presence
of equally concentrated cocontaminants.

Radiochemical techniques furnish a
powerful tool for studying these effects,
and sulfur dioxide readily lends itself
to this type of analysis. Radioactive
S"O, is easily handled, has a convenient
half life of 87.1 days, and is a weak beta
emitter with an energy of 0.167 m.e.v.
It is commercially available in high
specific activity, ordinary glassware
contains its radiation, and its air path
is only a few inches. Using vacuum
techniques, it can be readily purified,
measured, and transferred from one
vessel to another.

Because of the weakness of the /3-ray
emitted, the quantitative measurement
of S"O, requires special techniques.
The techniques are similar to those used
for the measurement of C14, and in
practice both internal proportional gas
and liquid scintillation counting have
been successfully used for S" deter­
minations (3, 6).

EXPERIMENTAL

Apparatus. Figure 1 shows the
apparatus used to purify, measure,
and mix sulfur dioxide with any
desired amounts of air in one, two, or
three stages. The mixtures could be
stored in an intermediate or final
stage, or could be sampled at will.
The Microvol (7) permitted the direct
measurement of microgram quantities
of sulfur dioxide with an accuracy of
1% or better. Essentially, it is a Mc­
Leod gauge containing a trap in which
liquid nitrogen is placed. When the
system is under vacuum, a condensable
gas released into the system will collect
on the trap. The mercury is allowed
to rise to the neck of the collection
chamber, and the liquid nitrogen is then
removed by blowing warm air into the
trap. After the condensable gas evapo­
rates, the mercury is allowed to rise
further, compressing the gas into the
calibrated measuring capillaries. Mer-

cury levels for the pressure-volume
measurement were determined with a
telescope mounted on a cathetometer.

A tube containing the radioactive
sulfur dioxide (Nuc!ear-Chicago Corp.,
30 mc. per mmole) was sealed into
position (upper right, Figure 1).
With the system closed but under
vacuum of less than 1 micron, one or
more aliquots were transferred to any
one of several freeze-out points. The
transfers were to the Microvol for
volumetric measurement and then to
the working flask, or to one of the bulbs
for sealing off for scintillation counting,
to the P,O, tube for drying, or to the
proportional tube for counting, etc.
The transfers were quantitative, and
were complete in less than 10 minutes,
providing that air leaks were not
present.

The working flask (Figure 1) was
used to dilute the highly active S"02
with untagged sulfur dioxide, so that
larger quantities of sulfur dioxide could
be used without involving excessive
counting rates. The volume of the
flask was calibrated and found to be
1082.1 ± 0.1 m!' at 25° C. The side
arm for manometrically measuring the
pressure in the flask had a volume of
0.347 m!' per em. After evacuation, the
working flask was charged with approxi­
mately 200 mm. of S02. This was
purified by a freezing and pumping
technique at liquid nitrogen and dry ice
temperatures. Enough aliquots of the
S"O, were then transferred to the flask
to give adequate count rates for the
planned experiments.

Two 20-liter Mylar bags (G. T.
Schjeldahl Co., Northfield, Minn.) were
attached to the gas-air mixing portion
of the apparatus with Teflon connec­
tions. SO,..air mixtures were made
either from aliquots taken directly from
the S'5(), reserve or from the working
flask. The sampling ports were used
for filling additional sampling bags or
containers. The S" activity of the bag
mixtures was checked frequently by
transferring an aliquot from the gas
pipet to the evacuated proportional
tube connected to the sampling port.
Purified air was used to flush the lines
leading to the proportional tube.

A glass injection port sealed with a
silicone rubber septum was built into
the air stream for the injection of hydro-
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carbons or other compounds of interest
by means of a microsyringe.

For simplicity, the diluting air train
is shown in an abbreviated schematic
form. Pressurized air is passed through
a large anhydrous calcium sulfate
column, followed by passage through
indicating silica gel, activated charcoal,
and Molecular Sieve 5A. Two f1ow­
meters were used to measure either
inlet or outlet flow rates for the mixing

.and sampling processes. Each flow­
meter had several replaceable capillary
restrictions, each of which was cali­
brated with a wet-test meter, water,
or mercury displacement from cali­
brated glassware as needed. All con­
nections were fused glass or glass to
glass. All stopcocks were greased with
Apiezon lubricants.

The gas pipet was calibrated, and its
volume was 44.37 m!. at 25° C. With it
a known volume of the bag mixtures
could be repeatedly and reproducibly
taken for consecutive sample studies.
For preparing dynamic flow mixtures,
an aliquot in the pipet was bled into an
air stream at rates ranging from a few
minutes to more than 4 hours by con­
trolling the flow of mercury from the
leveling bulb by means of the stopcock
at the lower end of the pipet. The
mercury head, or level,' was manually
adjusted to keep the same height.
The long capillary neck prevented
turbulent mixing of the air stream with
the contents of the pipet.

The sampling ports were equipped
with standard tapered ball joints for
midget bubblers, the proportional count­
ing tube, or vacuum for flushing out the
system.

Procedures. COLORIMETRIC. Solu­
tions were prepared according to the
West-Gaeke and the Helwig-Gordon
methods (2, 4, 5, 10). For the West­
Gaeke method, the gaseous samples
were collected in 15.0 m!. of the Na,­
HgCL. (TCM) solution in a fritted-glass
midget bubbler. Sampling rates ranged
from 300 to 450 m!. per minute. To
10.0 m!. of the absorbing solution, 1.0
m!. each of the pararosaniline and
formaldehyde solutions were added.

The color was allowed to develop for
30 minutes (to its maximum color) in
a water bath at 25.0° ± 0.1 ° C. The
absorbance was measured at 560 m"
with a Beckman Model DU spectro­
photometer using I-em. cells. The
remainder of the sampling solution was
used for scintillation counting.

For the Helwig-Gordon method, 15.0
ml. of the reagent solution were used for
sampling. Color development was
completed in a water bath at 25.0° C.

CONDUCTOMETRIC. Solutions were
prepared according to Thomas (8).
The sample was collected in 15.0 m!.
of the H,O,-H,SO, absorbing solution
in a midget bubbler as above. Ten
milliliters of this solution were diluted
to 25.0 ml. with more absorbing solution
to give a sufficient volume to cover the
electrodes. The remainder of the un­
diluted absorbing solution was used for
scintillation counting. Conductance
was measured at 25.0° C. with an
Industrial Instruments Model RC-16B1
bridge, using a dip-type cell with 0.1
cell constant.

PROPORTIONAL TUBE COUNTING.
Samples were transferred to the evacu­
ated proportional counting tube (Nancy
Wood Counter Laboratory, Chicago)
at the position shown in Figure 1 or at
one of the sampling ports. Samples
were taken either directly from the
Microvol or from the bag mixtures by
means of the gas pipet. The propor­
tional tube was designed for counting
the S''O, in the air samples without use
of a counting gas. The tube was made
of stainless steel, 16 inches long by l­
inch o.d. I ts internal volume was
approximately 200 ml. The potential
on the tube was carefully controlled at
approximately 2300 volts to give a
constant counting rate with a stand­
ardized reference counting tube. The
counting efficiency increased linearly
with the log of the applied potential.
The potential selected was 50 to 100
volts below the contiriuous discharge
limit and resulted in approximately 80%
counting efficiency. The tube was
evacuated and flushed with clean air
several times before final evacuation and

filling with the sample. If background
counts tended to build up, they were
reduced with evacuation and flushing
or with isotopic exchange using non­
radioactive S02. All samples were
adjusted to barometric pressure (ca.
630 mm. at this altitude) with clean air
if needed.

SCINTILLATION COUNTING. The scin­
tillation solution was made as follows:
75 grams of naphthalene, 7.0 grams of
PPO (2,5-diphenyloxazole), 300 mg.
of dimethyl POPOP [l,4-bis-(4-methyl­
5-,phenyloxazolyl)-benzenel, and 1000
ml. of 1,4-dioxane. The dioxane was
purified by passing it through activated
alumina, and the naphthalene was
recrystallized.

To 18 m!. of scintillator solution in a
counting vial 2 ml. of aqueous sample
(conductometric solution, TCM, or
other) were added. The samples were
counted with a Packard Tri-Carb liquid
scintillation spectrometer, Model 3003.
The counting chamber was kept at 2° C.,
and counting periods were sufficient to
give 10,000 counts or for a minimum of
10 minutes. Counting efficiencies were
72% for S" in TCM solutions and
77% for S" in conductometric solutions.

Foil-lined screw caps react with TCM
solutions and cannot be used. White
plastic snap caps and ordinary glass vials
were found satisfactory. Difficulties
due to freezing or phase separation of
samples were not encountered. With
TCM solutions, the ranp;e of miscibility
with the scintillator solution was be­
tween 10 and 22% by volume of TCM;
with aqueous samples, 0 to 21% was
miscible.

STUDIES OF COLORIMETRIC METHODS OF
ANALYSIS

To prepare for the radiochemical
study, nonradiochemical studies
were made of the pararosaniline­
formaldehyde-sulfur dioxide color reac­
tion in both the Wes1f-Gaeke and
Helwig-Gordon solutions. Bisulfite
solutions were prepared and standard­
ized with iodine-thiosulfate in the usual
manner. Colorimetric absorption
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NO.1

from the leveling bulb was allowed to
displace the SO, mixture in the air
stream. The time for the transfer was
measured with an electric timer. The
volume of air passing through the
bubbler from the beginning to the end
of the displacement period was cal­
culated, and the concentration of the
SO, in the sampled air was found by
multiplying the bag concentration by
the pipet-air stream volume ratio.
All glass lines were carefully flushed
until no radioactivity could be detected
in test samples. Low concentration
samples were run before higher concen­
tration samples to prevent contamina­
tion from adsorption effects. Repro­
ducible results were obtained at all but
the very low concentrations, where
some loss was observed. For these low
concentrations a second midget fritted­
glass bubbler connected in series with
all-glass connections was used.

Table I sUlllmarizes the findings from
colorimetric and scintillation analyses
of the samples prepared in the above
manner. Judging from both the colori­
metric absorbance values and the
scintillation counts, the colorimetric
sampling method becomes relatively
inefficient in concentration ranges below
0.1 p.p.m. Oxidation, or other chemical
interference, of the SO, is ruled out be­
cause of the simultaneous drop in the
color and the scintillation counts.
The tracer technique definitely estab­
lishes a loss due to the sampling method
rather than a chemical interference.

Also indicated is the fact that once a
concentration is too low for efficient
sampling, a second bubbler in series is
unable to capture the lost SO, effectively.
For example, samples 187 and 188
(Table I) were exposed to the same
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Figure 3. Comparison of concentration changes of SO,-air mixtures
in Mylar bags

solution, no color and less than 0.1
c.p.m. per sq. em. were obtained when
the solution was analyzed. When
pieces of the bag were suspended in
scintillation solution and placed in the
counting chamber, as many as 17 c.p.m.
per sq. em. were observed. There may
be some diffusion through the bag
walls, but the preceding facts plus the
fact that new bags cause a more rapid
loss of SO" indicate that at least part of
the sulfur reacts with the bag (J).

Sampling Efficiency. The sam-
pling efficiency of the tetrachloro­
mercurato sampling method for the
colorimetric determination of sulfur
dioxide (4, 10) was checked in the
following manner:

First 10 to 15 liters of air-S350, mix­
tures were prepared by taking a cal­
culated number of aliquots of the sulfur
dioxide from the working flask and
flushing them into the Mylar bag. The
concentration of sulfur dioxide in the
bag was adjusted so that one gas pipet
aliquot (44.37 mI.) of the mixture
contained enough sulfur dioxide to give
an absorbance of approximately 0.200
when sampled and analyzed color­
imetrically. This amounted to having
approximately 75 to 100 p.p.m. of SO, in
the bag.

An aliquot from the bag was quantita­
tively transferred to the gas pipet.
The upper stopcock was closed and the
air lines were flushed with filtered air.
A midget fritted-glass bubbler con­
taining 15.0 ml. of the tetrachloro­
mercurato absorbing solution was con­
nected to one of the sampling port
outlets. The air flow was adjusted
between 300 and 450 ml. per minute and
measured. The upper stopcock of the
gas pipet was opened, and the mercury

Q 'GASEOUS SOt STANOAROS

4 • 81$ULflT£ STANOAROS

'.0
so,. • pg/mL of COLORIMETRIC SOLUTION

Figure 2. Comparison of standard
curves obtained from gaseous SO,
samples and bisulfite standard solu­
tions

curves were prepared by diluting the
standardized bisulfite solutions with
sodium tetrachloromercurato (TCM)
solutions. In addition a standard
colorimetric curve was prepared from
gaseous sulfur dioxide samples measured
with the Microvol and transferred to
tetrachloromercurato (TCM) absorbing
solutions by means of the small gas
transfer bulbs of the vacuum apparatus.

Figure 2 compares the colorimetric
absorption curves obtained by the two
methods. The color reactions for the
gaseous SO, samples have higher ab­
sorption values than those for the bisul­
fite solutions. Apparently, the lower
color intensities are due to loss of sulfite
activity in the dilution process despite
the use of reagent chemicals and fresh
double-distilled water.

Bag Mixtures. Bag mixtures of
sulfur dioxide and air were made
with both nonradioactive and radio­
active sulfur dioxide. The concen­
trations in the bags were followed
for long periods of time using colori­
metric, proportional tube, and scin­
tillation counting techniques. Figure
3 shows the rate of loss of sulfur
dioxide above radioactive decay in
two Mylar bags as measured by the
different techniques used. The rate of
loss for each of the bags is relatively
consistent and amounts to approxi­
mately 2.5% per day. Proportional
tube techniques indicate greater SO,
losses than the colorimetric or scintilla­
tion techniques. It is not known
whether this is real or due to some
change in the proportional gas counting
tube.

When mixtures of air and sulfur
dioxide were made in a new bag there
was an initial rapid loss of sulfur dioxide
which settled down to the rates noted
above. As a consequen~e, all new bags
were treated with an approximately
500-p.p.m. mixture for a few days before
use. At this time it is not known what
happens to the sulfur dioxide that is lost
from the bags. No counts were ob­
tained from air taken from a bag one
month after its last use. When pieces
of a used bag were soaked in TCM
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Table I. Colorimetric and Scintillation Analyses of Comparable Air Samples
Taken at High and low SO, Concentrations

Absorbance
Sample Taken, Calcd., 1st 2nd Scintillation, c.p.m.
Number "g. SO, p.p.m. bubbler bubbler 1st bubbler 2nd bubbler

187 5.5 0.033 0.116 0.000 2176 ± 13 65 ± 6
188 5.5 1.16 0.136 2533 ± 14
189 5.3 0023 0.117 0.000 2183 ± 14 93 ± 7
190 5.3 2.3 0.132 2443 ± 15
191 5.3 0.018 0.109 0.000 2098 ± 13 2 ± 0.5
192 5,3 1.5 0.131 2440 ± 18
193 3.9 0,067 0,098 1636 ± 14
195 3.9 0.72 0.099 1802 ± 14
194 3.9 1.45 0.099 1794 ± 14

Scintillation,
c.p.m.
1203
1219
1207
1037

·0 10 20 30

MICROliRAMS SOl

Figure 4. Standardization curves for
typical batch of conductivity sampling
solution

Table II.

Sample
264
261
262
263

Efficiency of Conductometric Method for Measurement of Atmospheric
Sulfur Dioxide

(16.4-"g. SO, samples at increasing dilution)
Total air SO" Specific

vol., mL p.p.m. conductance

3,430 1.8 2.57 X 10-'
26,700 0.23 2,55 X 10-'
44,700 0.14 2.69 X 10-'
82,600 0,08 2,81 X 10-'

total amount of SO, (5.5"g.), but sample
187 which was diluted with air to 0.033
p.p.m. showed a drop of 15% in absorb­
ance and 14% in scintillation counts.
A second bubbler in series with the first
bubbler captured only 65 of the 357
c.p.m. lost by sample 187.

Helwig and Gordon (2) also used the
formaldehyde-pararosaniline reagent
but omitted the sodium tetrachloro­
mercurate from the sampling solution,
since they found that greater color
response was obtained without it. They
were adapting the colorimetric method
to continuous recording. analysis, which
did not require prolonged stability of
the dissolved sulfur dioxide. Their
method in fact gave a greater color
response, but the color was less stable
and reproducible than that of the West
method.

CONDUCTOMETRIC METHODS

Sulfur dioxide may be determined by
capturing it in an acidified hydrogen
peroxide solution, which oxidizes it to
sulfuric acid, and measuring the con­
ductance of the resulting solution (8).
This method was less satisfactory than
the colorimetric methods. More sulfur
dioxide was required per sample to give
sufficient precision, and reproducibility
was only fair. The method is, of course,
not specific for sulfur dioxide, since any
atmospheric component which dissolves
in the absorbing solution to give ions
will also increase conductivity and
consequently be measured as sulfur
dioxide. It is convenient for automatic
instrumentation, however, and is a
popular method of analysis.

Analytical methods were developed
for the determination of known quanti­
ties of sulfur dioxide in air using a
conductometric method and a cor­
relating scintillation counting method.
Various known volumes of an analyzed

SO,-air mixture stored in one of the My­
lar bags were passed directly and
slowly through a fritted-glass midget
bubbler containing conductometric ab­
sorbing solution. The conductance of
each solution was measured and then the
solution was analyzed by the developed
scintillation method. Figure 4 shows
the results obtained from a typical
batch of conductometric absorbing
solution and a high activity S"O,-air
mixture. A nearly linear relationship
was obtained between the conductivity
of a given solution and the sulfur diox­
ide concentration. The scintillation
method gave a linear relationship and
extrapolated to zero.

Sampling Efficiency. The efficiency
of the absorbing solution for conduc­
tometric analysis was comparable to
that of the tetrachloromercurato solu­
tion of the West method (10). For
samples to be analyzed by scintillation
counting, the conductometric solution
is to be preferred. A greater range of
volumes of the solution can be used, and
there is no interference from the tetra­
chloromercurato ion.

Table II compares the data obtained
from a series of samples wherein a
constant amount (16.5 "g.) of sulfur
dioxide was diluted with increasing
volumes of air. The sampling method
was that described above, except that
a conductometric absorbing solution was
used. The absorbing solution was the
one used for Figure 4 but from a dif­
ferent batch.

Since the amount of sulfur dioxide
was the same in each of the samples
(Table II), the specific conductance
should have remained the same. How­
ever, samples diluted with air to 0.14
and 0.08 p.p.m., respectively, showed
increasing conductivity. The scintilla-

tion counts, on the other hand, showed
little change in efficiency down to 0.14
p.p.m. and a definite loss of sulfur
dioxide when the sample was diluted
to 0.08 p.p.m.

To reflect the loss of sulfur dioxide,
the conductivity of the absorbing solu­
tion should have dropped. Instead it
increased. This indicated that the
conductometric method was subject to
interference by substances other than
sulfur dioxide. Consequently,' under
practical air pollution situations, the
determination of sulfur dioxide by the
conductometric method should be
evaluated with caution because of the
nonspecificity of the method as dem­
onstrated in this case.
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Accelerated Automatic Chromatographic Analysis
of Amino Acids on a Spherical Resin

JAMES V. BENSON, JR., and JAMES A. PATIERSON'

Beckman Instruments, Inc., Palo Alta, Calif.

Table I. Sodium Citrate Buffers

3.28 ± 0.01 4.25 ± 0.02
0.20N 0.20N
784.3 grams 784.3 grams
493 m1. 335 m1.
200 m1. 200 m1.

, Consultant to Beckman Instruments,
Inc.

l> Acceleration of analysis of amino
acids by ion exchange chramatog­
raphy has been facilitated in the
Beckman amino acid analyzer by
the use of a spherical particle resin.
The acidic and neutral amino acids
are analyzed on a 57" by 0.90-cm.
resin column at a buffer volumetric
input of 68 ml./hour (linear flow rate
of 106 cm./hourl. The basic amino
acids are analyzed on a 5.0- by 0.90­
cm. resin column at the same buffer
flow rate. This system reduces Ihe
total onalysis time to 4 hours, 5
minutes; (3 hours, 10 minutes for the
acidic and neutral amino acids and
55 minutes for Ihe basic amino acids).
With the proper analysis sequence,
three analyses can be completed in an
8-hour day.

WE REPORT the performance of a
newly available Styrene-divinyl­

benzene fully sulfonated nominal 8%
cross-linked spherical particle ion ex­
change resin suitable for the chroma­
tography of amino acids in column pro­
cedures patterned after, or similar to,
the method of Spackman, Stein, and
Moore (7). With this resin, and by
modification of the accelerated system of
Spackman (8), used in this work as a
base line, the time of analysis of a pro­
tein hydrolysate was reduced to 4
hours, 5 minutes. With proper analysis
sequence, three analyses can be com­
pleted in an 8-hour day.

The decreased time of analysis was
achieved by an increased flow rate
through a 0.9- by 57-em. resin column;
at a volumetric input of 68 ml./hour
(equivalent to a linear flow rate of 106
cm./hour) the acidic and neutral amino

ANALYSIS OF AMINO ACIDS AND RESULTS

Figure 1 illustrates the resolution of
a standard calibration mixture of basic,
acidic, and neutral amino acids ob­
tained at a buffer flow rate of 68 mI.;
hour. Both analyses were carried out
at 55° C. The back pressure on the
long column was 130 p.s.i. and on the
short column, 50 p.s.i.

The sample (0.5 m1.) placed on each
column contained 0.25 !Lmole of each
amino acid. Recorder chart speed was
6 inches per hour with 1 dot/2 seconds
printing speed. To prevent the re­
corder dots from cluttering on the chro­
matogram, the alternate 570-m!L Helipot
potentiometer was adjusted so that the
pen printed on the left side of the chart.
For the analysis on the short column
(basic amino acids) at the flow rates
indicated above, the total analysis time
was 55 minutes. The total analysis
time for the long column (acidic and
neutral amino acids) was 3 hours, 10
minutes. The buffer change was made
at 85 minutes to take effect just before
valine. The hexosamines, glucosamine,
and galactosamine were present in the
sample to indicate their lack of inter­
ference with the amino acid elution

pack the long column and the pH 5.28,
O.35N buffer was used for the short
column. Brij-35 and thiodiglycol were
not present in these column packing
buffers. Before pouring the column,
about 10 m!' of buffer was forced, with
air pressure, through the disk in the
bottom of the column to remove any
trapped air. About 1 em. of liquid was
left above the disk. The bottom of
the column was capped. The resin
slurry was stirred just before pouring
and the column was filled. After 5
minutes the bottom cap was removed,
and the column effluent line was con­
nected. A buffer flow rate of 68 m1./
hour was used to pack the column.

When the resin bed had packed,
excess buffer was aspirated and the
column was again filled with the resin
slurry, taking care that the previously
packed section was not disturbed.
Several additional packings were neces­
sary to fill the long column. The long
column was packed to a height of 57
em. The short column was packed
to a height of 5.0 cm.

Each column was regenerated with
0.2N NaOH after which they were
equilibrated with the appropriate buffer.

80m!'
4m!'
40 liters

5.28 ± 0.02
0.35N
1372 .6 grams
260 m!.

80 m!.
4m!'
40 liters

acids were analyzed at the same flow
rate on a 0.9- by 5.0-cm. resin column
in 55 minutes. The 69-cm. column was
packed with Beckman custom research
resin, mean diameter 22 ± 6 microns,
and the 23-cm. column was packed with
similar resin of 15 ± 6 microns diam­
eter. Column size employed and
narrow particle diameter range helped
keep pressures below 250 p.s.i., con­
sistent with standard Beckman equip­
ment, and resulted in improved resolu­
tion compared to our base line.

EXPERIMENTAL

Apparatus. A standard Beckman
Model 120B amino acid analyzer was
used.

Resin and Reagents. Beckman
Custom Research Resin. For anal­
ysis of acidic and neutral amino
acids, Type AA-15 with spherical
particles having a mean diameter of
22 ± 6 microns was used. For anal­
ysis of basic amino acids, Type
AA-27 with spherical particles having
a mean diameter of 15 ± 6 microns
was used.

Buffers. For analysis of acidic and
neutral amino acids, pH 3.28 (0.20N)
and pH 4.25 (0.20N) sodium citrate
buffers were used. For analysis of
basic amino acids, pH 5.28 (0.35N)
sodium citrate buffer was used. All
buffers were prepared with reagent
grade sodium citrate (2), as shown in
Table 1.

Ninhydrin Reagent. Prepared ac­
cording to the method of Spackman,
Stein, and Moore (7).

Preparation of Ion Exchange
Columns. A 69- by 0.9-cm. column
was used for the analysis of the acidic
and neutral amino acids and a 23- by
0.9-cm. column for the basic amino
acids.

The resin without pretreatment was
slurried with 2 volumes of buffer.
The pH 4.25, 0.20N buffer was used to

80 m1.
4ml.
40 liters

pH
Sodium concentration
Sodium citrate· 2 H20
Concentrated HCI
Thiodiglycol (TG)
Brij-35 solution (50 g./

100 mi.)
Caprylic acid
Final volume
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1.5
1.0
0.9
0.8
0.7
0.6

0.5

tj 0."
z
~ 0.3

~
< O.t

0.1

to 40 20 60 110 150 180 220
Minutes

Figure 1. Chromatogram of on amino acid calibration mixture containing 0.25 }'mole of each amino acid

Basic amino acids and ammonia (snorter curve ot far left) sepd. on S.O-em. col. Acidic and neutral amino acids (longer curve) sepd. on 57-em. col.

pattern; they are resolved well in this
system. Cysteic acid, if present, is
eluted at approximately 20 minutes and
methionine sulfone emerges between
aspartic acid and threonine. Citrulline,
if present in the sample, would be eluted

column as in the O.B-cm. column em­
ployed by Spackman (8) at a volumetric
input of 30 ml./hour, it was necessary
to increase the volumetric input to the
former column to 68 ml./hour. With
these rates, a reaction coil was used
which was twice the standard length
(22.50-ml. volume instead of 11.25 ml.).
Recovery determinations on various
sample concentrations indicated that
Beer's law was obeyed (I). A standard
length reaction coil was also tried (11.25­
ml. Yolume), and recovery values ob­
tained over a sample concentration
range of 0.1 to 0.5 I'mole indicated that
Beer's law was still obeyed.

To determine statistical accuracy and
precision, 11 analyses were perfor";ed at
the 0.25-l'mole level to be used as a
calibration point for the analyzer. The
results at the 0.5- and O.I-}'mole load
levels are shown in Table III, using a

between glutamic acid and proline.
Alpha-amino adipic acid is eluted just
ahead of glycine and homocitrulline
just after cystine.

Glucosamine, if present in the sample,
would be eluted off the short column
just before lysine.

Chlorotyrosine and an acid degrada­
tion product of tryptophan are also
eluted early in the analysis. If the resin
column is increased in height from 5
to 10 em., the distance between these
two peaks will then increase from 5
minutes to J1 minutes, with other
separations increasing proportionally.
Total analysis time will then be 1 hour,
35 minutes through the elution of
arginine.

A typical daily schedule for the
complete analysis of amino acid analyses
is summarized in Table II. To obtain
the same linear flow rate in a 0.9-cm.

Table III. Recoveries from 0.50- and 0.1 O-}'mole Samples

(One standard length reaction coil, 11.25-ml.
volume, and buffer flow rate of 68 ml./hour)

0.5 "moles (5 runs) O. 10 "moles (6 runs)
Range Av. Range Av.

Lysine 99-100 99 100 100
Histidine 100 100 100 100
Ammonia 98 98 101-102 102
Arginine 98 98 10Q.-101 101
Aspartic acid 101-102 102 102 102
Threonine 10Q.-IOI 101 100 100
Serine 101-102 102 99-103 103
Glutamic acid 101-102 102 99-103 10:3
Proline 10Q.-I04 100 96-115 100
Glycine 100 100 98-102 102
Alanine 10Q.-I02 100 98-102 102
Half cystine 1OQ.-101 100 92--100 100
Valine IOQ.-I02 102 94-103 98
Methionine 101-102 101 97-101 101
Isoleucine 102-103 102 99-103 100
Leucine 10Q.-101 100 96-100 100
Tyrosine 10Q.-I02 100 98-102 102
Phenylalanine 101-102 101 98-102 98
Av. 100 101
Std. dev. 1.37 1 40
2 X Std. dev. 3.0 30

o Start buffer pump
(pH 5.28, 0.35N)
and ninhydrin
pump

8 Turn on recorder
13 Lysine peak emerges
55 Analysis is complete

Typical Daily Schedule
Lapsed

time
(min.) Operational changes

Table II.

Time
Short col.

analysis
8:30 a.m.

9:25 a.m.

8:38 a.m.
8:43 a.m.
9:25 a.m.

Long col.
analysis

8:55 a.m."

12:00 Noon

10:20 a.m.

12:05 p.m.
12:20 p.m."

12:50 p.m.

3:25 p.m.

3:30 p.m.

3:50 p.m."

4:20 p.m.

o Start buffer pump
(pH 3.28, 0.20N)
to drain

30 Turn column effluent
to coil and nin­
hydrin to coil

85 Buffer change takes
place to pH (4.25,
0.20N)

Start second short
column analysis

250 Analysis is complete
Start second long

column analysis
End second short

column analysis
Start third short col­

umn analysis
End second long col­

umn analysis
Start third long col­

umn analysis
End third short col­

umn analysis
End third long col­

umn analysis us­
ing automatic
shut-down timer

"These indicated times should be ad­
justed by 22 minutes if cysteic acid is
to be determined.

7:00 p.m.
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standard length reaction coil (11. 25-ml.
volume).

The results are expressed in terms of
two standard deviations (95% prob­
ability). Thus, the average accuracy
and precision in the 0.1- to 0.5-)'mole
sample range is tOO ± 3% and 100
± 3%, respectively.

To determine the resolution at higher
flow rates, the 57.0-cm. column was
operated (using the same buffer and
ninhydrin system previously mentioned)
at 120 ml.;hour for the buffer and
60 ml./hour for the ninhydrin reagent.
The operating back pressure was 210
p.s. i. A sample load of a synthetic
amino acid mixture containing 0.25
)'mole (G.50-ml. volume) of each amino
acid was tested. The analysis was con­
ducted at 55° C. and a buffer change
from the pH 3.28, 0.20N to the pH
4.25, 0.20N sodium citrate buffer oc­
curred at 41 minutes. A slight loss of
resolution was experienced. However l

it is possible to quantitate accurately
(height-width method) those peaks
affected; namely, the threonine-serine
and tyrosine-phenylalanine doublets.
If the standard length re•.ction coil (7)
is used, reproducibility of recoveries
will be 100 ± 6%. With a double­
length reaction coil. normal re­
producibility of recoveries will be 100 ±
3%. An analysis time of 1 hour, 35
minutes for the analysis of the acidic
and neutral amino acids is possible.

DISCUSSION

The goal of this work has been the
optimization of resin, column length,
column diameter, and flow rate to
achieve the complete analysis of a pro­
tein hydrolysate in the minimum time.
Limiting conditions imposed were;
maintenance of precision and accuracy)
operation at reasonable pressures, with
maximal resolution and a minimum of
change of existing equipment. We
found no commercially available ion
exchange resin that would allow us
to meet these specifications using
the condi tions described above. In
the accomplishment of these aims, the
geometry and chemical composition of
the resin column packing is crucial.
The resin was designed specifically to
meet the above goals. That these aims
have been met adequately is demon­
strated by the results obtained. The
results with this "esin are also in agree­
ment with expectation indicated for
the hydraulic characteristics of narrowly
graded spherical column packing ma­
terial (3, 6). The good resolution with
fine particles that has been previously
obtained with other systems (4, 5) is
also confirmed for this system.

Because of rigid control in the manu­
facture of the resin to ensure constancy
of cross-linking, spherical shape, and
predetermined particle diameter range,
the results shown here are typical;

identical results have been consistently
obtained from batch to batch.

Another resin system has been
developed which will allow two com­
plete analyses of physiological fluids in
24 hours; the details of this analysis are
to be reported later.
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Ion Exchange Separation of Americium and Cerium

HAZEL D, PERDUE and HARRY G, HICKS

Lawrence Radiation Laboratory, University of California, Livermore, Calif.

~ Tracer quantities of americium-24I
(10' disintegrations per minute) and
30 mg. of cerium have been separated
quantitatively using Dowex 50W XI 2,
100- to 200-mesh, ion exchange resin
and ammonium lactate as the eluant.
In the present procedure small columns
are used, and the use of a fraction
collector is eliminated.

CERIUM can be separated from the
rare earths by extraction (3) of

Ce(IV) by diethylhexyl phosphoric
acid; radiochemical analyses for fission
product cerium have been developed
using this property. Usually the
cerium is back-extracted, precipitated
as the oxalate, ignited, and weighed.
in this case, there is a small amount of
phosphate (either organic or inorganic)
carried along with the cerium, which
renders the composition of the ignited
oxalate indefinite. To eliminate the
contamination, the cerium is absorbed
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on cation exchange resin, washed well
with dilute nitric acid, and eluted
rapidly with ammonium lactate before
the oxalate precipitation.

When the analysis is made from gram
amounts of plutonium, there is, in addi­
tion, a large amount of Am'" (lO'dis­
integrations per minute) present from
the decay of Pu'41 The oxidation of
Ce(III) to Ce(IV) with BrO, - in strong
HNO, solutions will oxidize a small
fraction (~O.l%) of the Am(III) to
Am(V) which extracts into diethylhexyl
phosphoric acid (1) and is not subse­
quently separated from the cerium.
The radioactivity of the remaining
Am'" is enough to interfere seriously
with the measurement of Ce"l and Cel"
radioactivities. The object of this
study is to find a rapid, simple separa­
tion of americium from 30 mg. of cerium
that is compatible with the existing
radiochemical procedures. The rela­
tively large difference in catiGn exchange
behavior between Ce(III) and Am(III)

(4) suggested that the separation could
be carried out using a variation of the
ion exchange procedure already in use.

EXPERIMENTAL

Apparatus. The ion exchange
column was 9 em. long, 6 mm. in
diameter, and had a reservoir 16 mm.
in diameter. Solutions were added
to the reservoir at the top of the resin
column and allowed to flow by gravity
into collection tubes, Gamma radia­
tions from Am241 and CeI44_Pr144 in the
collection tubes were counted directly
by a well-type NaI(Tl) scintillation
crystal, a photomultiplier tube, an
amplifier, and a scaling unit.

Reagents. The Dowex 50W X12
100- to 200-mesh resin used was
purchased from the BioRad Co.,
Richmond, Calif., and was used
without further treatment. Lactic
acid was purchased from J, 1', Baker
and was used without further puri­
fication. Ammonium lactate solu­
tions were prepared by diluting the
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Figure 2. Elution of Am(1II1 and Ce
(III) using 1M initial lactic acid ad­
justed to pH 2.97 with NH,OH

RESULTS AND DISCUSSION

Elution curves were made at pH
values of 2.85, 2.93, 2.95, 2.97, 3.03,
3.06, 3.10, and 3.20. The results are
summarized in Figure 1. The leading
edge of the elution band was taken to
be the point at which the radioactivity
in the collection tube rose over 100
counts per minute above a counter
background of 150 counts per minute, or
roughly 0.1% of the total radioactivity.
The trailing edge was taken to be when
the activity fell to the same value.
Separation was considered adequate
when there were at least two collection
tubes (10 mI.) between the trailing edge
of the americium band and the leading
edge of the cerium band. The condition
for optimum separation was taken to be
the pH at which there was a minimum
of ammonium lactate to effect adequate
separation. Under the conditions of the
experiment, the optimum pH was 2.97
for 1M initial lactic acid concentrations;
there was less than 0.01% of the Am'"
in the cerium subsequently eluted from
the column by 15 mI. of pH 5 ammo­
nium lactate solution. In one experi­
ment, both Am'" and Ce14LPr'" were
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Figure 3. Comparison of separation of Am(III1 and
Cellill using Dowex SOW X12 and Dowex SOW X8
with aIM initial lactic acid eluting solution adjusted to
pH 3.10 with NH,OH

20 drops per minute (obtained by adding
5 m!. of ammonium lactate solution to
the reservoir) was the maximum flow
rate which maintained chemical equi­
librium in the system.

Initial conditions were chosen rather
arbitrarily, based on previous ex­
perience with rare earth separations
(2); i.e., a resin column 9 em. in length
and an initial lactic acid concentration
before neutralization of 1M. Other
concentrations of initial lactic acid
were used (0.5M and 2.0M), but no
significant difference in separation or
eluate volumes was found.

260
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Figure 1. Position of Am(lIl) and Ce(.lll) elution peaks as
a function of pH of aiM initial lactic acid eluting solution

lactic acid with water to 1M and
neutralizing with concentrated NH,OH
to the proper pH as measured with a
Beckman pH meter. To retard bac­
terial degradation of the. ammonium
lactate solution, saturated aqueous
phenol solution was added during dilu­
tion (5 m!. per liter of ammonium lactate
solution).

Procedure. About 10' counts per
minute of either Am'" or Ce144-Pr'44
were added to 30 mg. of inactive cerium
in dilute acid. In general, only a
single radioactive species was used in a
given column elution to avoid ambiguity
in the results; duplicate or triplicate
experiments were performed to check
reproducibility.
. The Ce(OHh was precipitated with

NH,OH, centrifuged, and washed with
water. The hydroxides were dissolved
in 15 m!. of 0.5M HN03 with 2 drops of
30% H,O, added. The solution was
heated to reduce Ce(IV) formed by air
oxidation of the hydroxides because
Ce(IV) elutes with Am(III) under the
conditions of these experiments. The
solution was then transferred to the
resin column which had previously
been equilibrated by passing about 10
m!. of 0.5M HNO, through the column.
After the solution containing the cerium
and tracer had passed through the
column, 5 m!. of H,O was added as a
wash. Then the collection tube was
changed and 5 m!. of the ammonium lac­
tate eluant was added to the top of the
column. When the solution had passed
through the column the collection tube
was changed, and the procedure was
repeated. Each portion of eluate was
counted separately to measure the
elution curve. The initial flow rate of
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added to 30 mg. of cerium, and the
elution was made with ammonium lac­
tate made by adjusting 1M lactic acid
to pH 2.97. The elution curve is shown
in Figure 2.

In the course of the work, experiments
were made with resins of lower cross­
linkage to check the possibility of faster
separations. In general, under the
conditions of our experiments, the re­
sults were unsatisfactory. Figure 3
shows a comparison between experi­
ments made with Dowex 50W X12 and

Dowex 50W X8, both 100- to 2OO-mesh,
with pH 3.10 ammonium lactate.

Interference of any diverse ions;
except phosphate, was not checked be­
cause the prior extraction of the cerium
into diethylhcxyl phosphoric acid had
eliminated them all. Phosphate does
not interfere.
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Determination of Strontium in Environmental

Media Using Neutron Activation

PAUL J. MAGNO and FORREST E. KNOWLES, JR.

U. S. Department of Health, Education, and Welfare, Northeastern Radiological Health laboratory, Winchester, Mass.

l> A ·neutron activation procedure for
the determination of strontium in en­
vironmental media is described. The
method presented simplifies the han­
dling and flux monitoring problems
associated with activation analyses.
Prior to irradiation, the strontium is
separated from the sample by oxalate
and nitrate precipitations using the
calcium present in the sample as a
carrier. Copper is then added to the
purified strontium as in interna I monitor
and the sample is irradiated in a ther­
mal neutron flux of 10 l' neutrons per
square centimeter per second. After
irradiation, strontium carrier is added
and the strontium further purified by
nitrate and chromate precipitations.
Copper is separated by dithizone
extraction and the strontium is then
calculated from the induced activities
of strontium-87m and copper-64.
Strontium-8S is used to measure the
strontium recovery. This method has
been applied to the determination of
strontium in food, milk, bone, hair,
and blood.

STRONTIUM occurs in low concentra­
tions in foods and in the human

body. Considerable interest has been
shown in the concentrations of this
element in these media because of the
presence of its radioisotopes in the
environment due to nuclear weapons
testing and development of atomic
energy programs. Several studies are
being carried on at this laboratory to
develop a better understanding of the
behavior of strontium in man. As­
sociated with these programs was a
need for a method of analysis of trace
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quantities of stable strontium in
environmental and biological media.

Trace quantities of stable strontium
in environmental media have been
measured by emission spectrometry
(1, 12), x-ray spectrometry (3, 6, 8),
flame photometry (4, 7, 13), absorption
spectrometry (10), and by neutron
activation (2, 5, 9, 1I).

Although neutron activation is a
reliable and extremely sensitive method
for the analysis of strontium, it has not
been routinely applied to the analysis
of environmental or biological samples.
This has probably been due to the lack
of availability of a source of neutrons;
but also contrihuting have been
problems associated with handling the
large amounts of induced activities
produced in these samples and the care
required to assure proper flux monitor­
ing. With neutron generators now
commercially available and nuclear
reactors more readily accessible, neutron
activation for the determination of
strontium should find wider application.
A method is presented which simplifies
the handling procedures and flux
monitoring problems associated with
this technique and allows it to be applied
on a routine basis.

In previous applications of neutron
activation for· the determination of
strontium in environmental media,
direct irradiation of the sample was
made so that large quantities of induced
activities were produced. Because of
the resulting high dose rates, the
handling of these samples required
considerable care. To avoid this
problem, an extension of Harrison's
(5) technique of concentrating the
strontium in blood and urine prior to
irradiation was used. The strontium

was separated by oxalate and nitrate
precipitations using the calcium
naturally present in the sample as a
carrier. Strontium-85 tracer, added to
the original sample and measured
simultaneously with the induced
activity of strontium-87m, was used to
measure strontium recoveries during
these separations. This pretreatment
reduces the induced activity of the
irradiated sample such that the radia­
tion level is <1 mr./hour at 10 em.
The sample can then be handled using
the precautions normally applied to
tracer quantities of radioactivity.

Because pertinent nuclear data are
usually not accurately known, it is a
standard procedure to use a comparative
method in activation analY8is. A
standard sample of the element of
interest, or a thin foilof copper or gold as
a flux monitor, is irradiated simul­
taneously with the sample. Care must
be taken to ensure that the standard
or monitor receive the same neutron
flux as the sample or that a constant
relationship exists between the flux
received by the sample and that received
by the comparator. This is sometimes
difficult to accomplish when significant
flux gradients occur along the length
of the irradiation container. It is also
important that no significant self­
shielding occur in the comparator or
the sample. The method described
simplifies the comparator technique
by mixing a monitor homogeneously
with the sample. This allows greater
flexibility in the conditions under which
the sample is irradiated. The type of
irradiation facility, the gradient or
variability of the neutron flux, and the
positioning of the sample within an
irradiation container are no longer of



Tobie I. Induced Activities of Standard Solutions of Strontium and Copper Placed
in Various Neutron Fluxes

a Activities are corrected to time of removal from neutron flux.

Induced activities
CU64a Sr87m

c.p.rn./rn!. c.p.m./Mg.
42,000 2384
19,910 1097
33,125 1870
26,296 1448
31,848 1805
26,042 1454
36,480 2050
28,000 1575
40,800 2306
20,820 1168

Activity ratio
Sr"'m c.p.rn./Mg.
Cu" c.p.m.fMg.

0227
0.220
0226
0.220
0.227
0223
0225
0.225
0.226
0.224

avo = 0.224

Cu"
c.p.rn./Mg.

10,500
4,978
8,281
6,574
7,962
6,512
9,120
7,000

10,200
5,205

for sample irradiation. Previous ex­
perience (11) had shown a steep flux
gradient within these tubes and a
significant flux difference between tubes.
The standard solutions were placed in
various positions within the two tubes.
After irradiation these solutions were
carried through the post irradiation
chemistry described in the procedure.
The activities induced in these solutions
are presented in Table 1. These results
show, as expected, significant variations
in the specific activity of strontium-87m
but a constant ratio between the specific
activities of strontium-87m and copper­
64.

The calibration factor is calculated as
follows:

. . ABF
CalIbratIOn Factor, G = HIK

A = I'g. of copper in aliquot counted
B = Net counts per minute in stron­

tium aliquot in Sr87m spectral
region (0.34--0.43 m.e.v.)

F = Cu" decay factor from end of
irradiation to time of counting

H = Net counts perminute in copper
aliquot in Cu" spectral region
(0.47-0.56 m.e.v.)

I = Sr87m decay factor from end of
irradiation to time of
counting

K = I'g. of strontium in aliquot
counted

The calibration factor, G, was 0.224 ±
0.003. Although this factor is inde­
pendent of the irradiation conditions, it
is dependent on the counter geometry
and crystal size.

Strontium Recoveries. Strontium
recoveries were measured by adding
0.05 I'c. of strontiurn-85 tracer to the
original sample. The production of
strontium-85 during the irradiation
from the reaction strontium-84 (n, 'Y)
was negligible compared to the amount
of tracer originally added. Strontium
yields of 85--98% have been obtained
on environmental samples analyzed by

Sr"'ma
c.p.rn./m!.

47,677
21,941
18,699
14,482
7,219
5,817
4,100
3, lEiO
1,153

584

Solution
comp.,
I'g./rnl.

Sr Cu
20.0 4
20.0 4
10.0 4
10.0 4
4.0 4
4.0 4
2.0 4
2.0 4
0.5 4
0.5 4

to a separatory funnel containing 10
ml. of water. Add 15 ml. of 0.01%
of dithizone in CCl, and shake for 3
minutes. Drain the CCI, layer into a
counting container. Add 10 m!' of
om % dithizone in eel, to the
separatory funnel and shake for 3
minutes. Combine the CCl, layer
with the above and measure the
gamma activity. Record the time of
counting.

Calculations. Strontium, p.p.m.
A (B - CD) DEF

GHIJKL

A = I'g. of copper in aliquot counted
W

B = Net counts per minute in stron­
tium aliquot in Sr"m spectral
region (0.34-0.43 m.e.v.)

C = Fractional coefficient of Se" in
Sr"m spectral region

D = Net counts per minute in stron­
tium aliquot in Se" spectral
region (0.47-0.56 m.e.v.)

E = Volume to which sample is di­
luted prior to irradiation in mil­
liliters (10)

F = Cu" decay factor from end of
irradiation to time of counting

G = Calibration factor
H = Net counts per minute in copper

aliquot in Cu" spectral region
(0.47--0.56 m.e.v.)

I = Sr"m decay factor from end of
irradiation to time of counting

J = Net counts per minute in Se"
tracer added to sample in spec­
tral region (0.47-0.56 m.e.v.)

K = Aliquot taken for strontium
measurement in milliliters

L = Ash weight in grams

RESULTS AND DISCUSSION

Calibration. The calibration factor
was determined by irradiating syn­
thetic solutions containing known
amounts of strontium and copper.
The strontium content was varied
over a range of 0.5--20 I'g./ml. while the
copper concentration was held constant
at 4.0 .ug./ml. This amount of copper
produced the desired activity of copper­
64.

Two slant-tube facilities were used

concern. Together with the reduction
of the radiation level as a result of sample
purification before irradiation, this tech­
nique lends itself readily to routine
analysis.

EXPERIMENTAL

Apparatus. Samples were irra-
diated in sealed polyethylene vials_
2';' inches X ~/, inch in.a slant tube
facility of the Army MaterIals Research
Reactor at the Watertown Arsenal,
Watertown, Mass. This system per­
mits irradiation in a thermal neutron
flux of about lO 12n./cm.'/ second.
Gamma activities were measured using
a 4- X 4-inc.h NaI (TI) crystal in con­
junction with a 400-channel pulse
height analyzer.

Reagents. Strontium-85 Tracer,
Carrier Free, Nuclear Science and
Engineering Corp., was diluted to a
concentration of 0.05 I'c./m!. with 0.1.'11
HC!.

Preirradiation Separation. After
suitable pretreatment to reduce the
sample to an ash, dissolve a weighed
portion of the ash estimated to con­
tain 25-50 mg. of calcium in 20 m!.
of 4.'11 HCl in a centrifuge tube. Add
0.05 I'c. of Sr" tracer and 5 m!' of 1M
H,C,O,. Adjust the pH to 4 with con­
centrated .NH,OH and digest in a hot
water bath for 10 minutes. Cool,
centrifuge, and discard the supernatant;
Wash the precipitate with 30 ml. of
water. Dissolve the precipitate in 5
ml. of concentrated HNO, and add
35 m!' of fuming HNO,. Cool in an
ice bath for 10 minutes, centrifuge, and
discard. the supernatant. Repeat this
step and again discard the super­
natant. Dissolve the precipitate in
water, transfer to a lo-ml. volumetric
flask containing 40 I'g. of copper and
dilute to volume. Transfer the solution
to a 4-dram polyethylene vial and heat­
seal. Irradiate the. vial in a neutron
flux of 1012 n./cm.'/second for 60
minutes. Record the time of removal
from neutron flux. Allow the sample
to decay for 30 minutes.

Measurement of Strontium Ac­
tivity. To a 5.0-m!. aliquot of the
solution add 100 mg. of strontium
carrier and 30 m!. of fuming HNO,.
Cool in an ice bath for 10 minutes,
centrifuge, and discard the super­
natant. Dissolve the precipitate in
5 m!' of water, add 30 m!' of fuming
HNO, cool in an ice bath for 10
minu~s centrifuge, and discard the
supernatant. Dissolve the precipi­
tate in 10 m!' of water and add con­
centrated NH,OH to a methyl red
end point. Add 5 ml. of pH 5
ammonium acetate buffer and 1 m!'
of 0.5N Na,Cr,07' Add 10 mg. of
barium carrier and digest in a water
bath for 10 minutes. Cool, centrifuge,
and measure the gamlJla activity of
the supernatant. Record the time of
counting. Measure the gamma ac­
tivity of an aliquot of the strontium-85
tracer identical to that added to the
sample.

Measurement of Copper Activity.
Add 1.0 m!' of the irradiated solution
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1.0

decontamination factor was 10'. This
indicates that up to 10 mg. of copper
may be present in the sample taken
for analysis without constituting a
serious interference in the method.
It is unlikely that this amount of copper
would be present in any of the en­
vironmental samples to be analyzed.
As a further check on the copper re­
moval, a series of typical environmental
samples were carried through the pro­
cedure without the addition of the
copper monitor. Table III shows the
copper-64 activity measured in these
samples. In all cases the amount of
copper present in the sample after the
preirradiation chemistry was 0.2 "g.
or less; this is a negligible amount in
comparison to the 40 "g. added as a
monitor.

Sample Spectrum. Figure 1 shows
the spectrum of an irradiated hair
sample prior to the postirradiation
purification. It was hoped (jriginally
that the sample would be sufficiently
pure to allow the direct measurement
of the copper and strontium activities
simultaneously on the irradiated sam­
ple. Strontium-85 tracer would not
have been added and a constant yield
factor would be applied. However,
in addition to the 0.39-m.e.v. and 0.51­
m.e.v. peaks from strontium-87m and
copper-64, peaks from barium-139 (0.17­
m.e.v.), manganese-56 (0.84--m.e.v.) and
sodium-24 (1.35-m.e.v.) were also ob­
served. The magnitude of these im­
purities were such that the spectrum
could not be resolved with sufficient
accuracy to allow direct measurement.
Figures 2 and 3 show the spectra ob­
tained for the purified strontium-87m
and copper-64. The copper-64 spectrum
is identical to that obtained from the

0.6 0.'
IN IRlr (""t.y,)

o.al(s,S5}

0.'

Gamma s~ectrum of strontium activity separated from hair sample

'O·r--------::::----------------~----,
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Figure 2.
Na.263

Copper Decontamination. Since
copper is added to the purified sample
as a neutron flux monitor, it is neces­
sary that any copper in the original
sample be removed, or at least greatly
reduced, during the preirradiation
chemistry. To test the effectiveness
of the procedure for removing copper,
a diet sample to which copper-64 had
been added was carried through the
preirradiation chemistry. The copper­
64 activity was reduced by a factor of
about 10 during the calcium oxalate
precipitation step and by an additional
factor of 10' during the two calcium
nitrate precipitations. The overall

0.1

o 1

6.2

0.5

0.3

0.8
Totalloss 8.0%

CUM in ali­
quot, c.p.m.

95
106
85
91

Figure 1. Gamma spectrum of hair sample No. 263 prior ta purification
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Type of
sample

Bone
Hair
Food
Limestone

Table III. Copper Content of Samples
after Preirradiation Seporations

Cuin
total

sample, "g.

0.18
020
0.16
0.17

Separation
Preirradiation

Oxalate precipitation
and wash

1st Calcium nitrate
precipitation

2nd Calcium nitrate
precipitation

Postirradiation

1st Strontium nitrate
precipitation

2nd Strontium nitrate
precipitation

Barium chromate
precipitation

Table II. Loss of Sr''' Tracer during
Separation Pracedure

Loss SF", %

this procedure. The preirradiation
chemistry, the calcium oxalate precipita­
tion step in particular, accounts for
most of the strontium loss. The loss of
strontium during the post irradiation
chemistry was approximately 1%.
Table II shows loss of strontium-85
tracer during the various separation
steps of the procedure on a diet sample.
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pies were analyzed to evaluate the ac­
curacy of the method. The results of the
analyses of two of these samples are pre­
sented in Table IV. In addition, previ­
ously analyzed samples were spiked with
known amounts of strontium and the
accuracy with which the method meas­
ured the added strontium was
evaluated. Table V shows the results
obtained when 100 "g. of strontium were
added to samples of calcium carbonate,
hair, food, and blood.

Correction

Radiochemical Determina­
tion of Carbon-Lithium
Bonds in Lithium-Terminated
Polymers Using Tritiated
Alcohols

In this article by D. R. Campbell
and W. C. Warner [ANAL. CHEM. 37,
276 (1965)] on page 277, column 2,
line 15, "thymolphthalein" should be
"thymolsulfonephthalein."

1.34

same energy (0.51-m.e.v.), it is necessary
that the procedure separate these
nuclides with a high degree of purity.
The decontamination factor for stron­
tium-85 in the di thizone extraction was
>10'.

Reagent Blank. A strontium rea­
gent blank was measured for those
reagents used for sample preparation
prior to irradiation. This blank was
determined to be 0.08 "g. of strontium.
Oxalic acid was the principal contrib­
utor to this blank. At the concentra­
tion levels of strontium in environ­
mental and biological samples" this
contribution from the reagents is small.
If, however, the samples to be analyzed
contain less than 5 "g. of strontium, a
reagent blank should be determined and
the appropriate correction applied.

Accuracy and Recovery. Since sam­
ples of known strontium content of the
type to be analyzed are not available, Na­
tional Bureau of Standards cement same

0.10

0:6 0.8
ENERGY (m ......,)

0.40.2

101

irradiation of a solution of Cu(NO,),.
The strontium-87m spectrum, with the
exception of a slight broad peak from
1.3-1.4 m.e.v. (probably due to sodium­
24) is almost identical with the spectrum
obtained from the irradiation of a
solution of Sr(NO,),.

As a further check on the purity of
the strontium fraction, decay measure­
ments were made on the strontium
activity from a food sample in the 0.34­
0.43-m.e.v. spectral region. The sample
decayed with the 2.8-hour half life of
strontium-87m.

Since copper-64 and strontium-85
both have gamma photopeaks at the

Figure 3. Gamma spectrum of copper activity separated from hair sample
No. 263

Table IV. Analyses of N.B.S. Samples

Sample Per cent srO
number Reported Found

1011 0.11 0.108
1014 0.26 0.254

Table V. Recovery of Added Strontium

Type of Strontium, pg.
sample Present Added Found Error, %

Calcium
carbonate 132 100 115 +1.5

Blood-220 18.1 100 120 +1.6
Food-l04 95 100 191 -2.1
Hair-380 376 100 462 -3.0
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Determination of Mixtures of Hydrazine and
Monomethylhydrazine by Reaction
with Salicylaldehyde

NICHOLAS M. SERENCHA, J. GORDON HANNA, and EDWARD J. KUCHAR

Olin Mathieson Chemical Corp., 275 Winchester Ave., New Haven 4, Conn.

t>Mixtures of hydrazine and mono­
methylhydrazine are resolved in glacial
acetic acid by reaction with salicylalde­
hyde in the presence of excess per­
chloric acid. In this system any hydra­
zone formed by the reaction of sal­
icylaldehyde and monomethylhydra­
zine is hydrolyzed back to the original
substances. However, the excess per­
chloric acid does not inhibit the forma­
tion of the azine. The perchloric acid
neutralized by the sample is a direct
measure of monomethylhydrazine. The
hydrazine content is then determined
by difference from a total base titra­
tion.

-640

-600

:<;
o
~ -500
i

-300 '----+--'f.10C--.l~5 -----02;0--f.25c---i30.-----

",1.0.1 N SODIUM ACETATE

Figure 1. Hydrazine reacted with salicylaldehyde
and excess perchloric acid titrated with 0.1 N
sodium acetate

E XPERIMENTAL WORK involving
samples containing monomethyl­

hydrazine (MMH) and hydrazine (N,..
H,) prompted an analytical investiga­
tion to develop a method of analysis to
quantitatively differentiate these com­
ponents.

At the inception of our investigation
the method of Clark and Smith (3)
was the only one available for the
analysis of such mixtures. Their
method, which employs oxidation with
Chloramine-T and'sodium hypochlorite
to differentiate MMH and N,H" was
tried initially on the experimental
system; however, high, erratic results
were usually obtained. A recent
publication by Sutton (6), which utilizes
gas chromatographic and wet analysis
for the analysis of this mixture was not
tested on the experimental system.

Malone (4) analyzed mixtures of
N,H, and l,l-dimethylhydrazine
(UDMH) based on the reactions of
these compounds with salicylaldehyde
in acetic acid to form what was termed
the neutral azine and the basic hydra­
zone, respectively. The basicity of the
system was then determined and cal­
culated as a measure of the UDMH
and the N,H. content was obtained by
difference from a total base titration.
Malone attempted this method on the
N,H,-MMH system and concluded
that it was not successful because the
reaction producing the hydrazone was
incomplete. The evidence presented in
the present study shows that the species
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actually titrated are the free MMH
and the free UDMH and that low
recoveries are the result of incomplete
hydrolysis of any hydrazone present
during the titration. When an excess
of perchloric acid is included in the
salicylaldehyde reaction mixture,
hydrolysis is complete and MMH can
be determined.

EXPERIMENTAL

Reagents. Perchloric acid, O.IN
in glacial acetic acid. Acetic anhydride
is omitted in the preparation to avoid
any acetylation of the hydrazines.

The samples of hydrazine and
monomethylhydrazine used in the
study were obtained from the Chem­
icals Division of the Olin Mathieson
Chemical Corp. and were employed
without purification.

Preparation of Sample. About 0.4
gram of N,H, and/or MMH is
weighed to the nearest 0.1 mg. and
added to approximately 35 ml. of
chilled acetic acid in a 50-m!. volu­
metric flask. After equilibration to
room temperature, the samples are
diluted to 50 ml. with acetic acid and
mixed thoroughly.

Determination of Total Alkalinity.
TITRATION A. A 5-ml. aliquot is
dissolved in 50 m!. of acetic acid,
to which 25 m!. of O.IN perchloric
acid in acetic acid is added. The

solution is then titrated potentio­
metrically with O.IN sodium acetate
in acetic acid. The amount of per­
chloric acid consumed in Titration A
by the sample is a measure of the
total hydrazine content (substituted
and unsubstituted).

Determination of Monomethyl­
hydrazine. TITRATION B. To a sec­
ond 5-ml. aliquot dissolved in 50 ml.
of acetic acid, 25 ml. of O.IN perchloric
acid is added, followed by 2 ml. of
salicylaldehyde. The solution is stirred
on a magnetic stirrer for 4 to 5 minutes,
and is titrated as above with O.IN
sodium acetate. The amount of per­
chloric acid neutralized by the sample
is a direct measure of monomethyl­
hydrazine.

Blanks are run in both titrations,
omitting only the sample.

CALCULATIONS

%MMH=

(meq. NaOAc Blank Titration B ­
meq. NaOAc Titration B) 46.075

sample wt.

%N,H, =

(meq. NaOAc Blank Titration A ­
meq. NaOAc Titration A) ­

(meq. NaOAc Blank Titration B ­
meq. NaOAc Titration B) 32.05

sample wt.



left. Before addition of perchloric add
Right. After addition of perchlorlc acid

0.9
11.1
21.1
26.3
350
49.6
62.0
69.5
82.2
87.5
99.3

o
10 9
208
26.6
34.9
504
622
70.7
807
871

1000

1002
904
805
730
66.3
50.9
389
28.4
19.2
13.1
o

1000
89.1
79.2
73.4
65.1
49.6
378
29.3
19.3
13.0
o

Table I. Analysis of Hydrazine-Mono­
methylhydrazine Mixtures

%MMH %N,H.
Present Found Present Found

tion was extracted with benzene to
remove any liberated salicylaldehyde,
free azine, and hydrazones. The
aqueous phase was then evaporated to a
residue which was identified by infrared
as the hydrochloride salts of MMH and
UDMH in the case of the hydrazones,
whereas no hydrazine hydrochloride
was detected in the azine experiment­
i.e., the azine was recovered as such in
the benzene layer.

More definite proof was obtained on
this system by observing the ultraviolet
spectral changes of the azine and the
hydrazones in acetic acid and in the
presence of excess perchloric acid.

Figure 2 illustrates the ultraviolet
spectrum of the MMH hydrazone be­
fore addition of excess perchloric acid,
and immediately after the addition of
excess perchloric acid. About 94%
of the hydrazone has hydrolyzed to
MMH and salicylaldehyde. The spec­
trum after addition of excess perchloric
acid is practically identical to that of
free salicylaldehyde in acetic acid,
with the exception of the small amount
of material at approximately 288 m...
which could be attributed to N,H.
present in the original MMH since this
absorption is still evident after 70
minutes, and it was established that
the azine is stable for this length of
time in this system.

UDMH was also tested as above,
and it was established that the UDMH
hydrazone is also unstable to perchloric
acid in acetic acid -i.e., the equilibrium
is shifted completely in favor of free
UDMH and free salicylaldehyde.

The ultraviolet spectrum of the
azine before addition of perchloric
acid and immediately after the addi­
tion of perehloric acid shows a shift
in the spectrum, but no free aldehyde
is present immediately as shown by
absence of the salicylaldehyde peak
at 256 m.... After 24 hours in the pres­
ence of exeess perchloric acid the azine
begins to hydrolyze as indicated by the
formation of the salicylaldehyde peak
at 256 m.... After 24 hours, 80% of the
azine is hydrolyzed back to hydrazone
and salicylaldehyde.

400350300250

medium. This was established by the
following experiments:

The salicylaldazine and the salicyl­
aldehyde hydrazones of MMH and
UDMH were prepared in benzene and
analyzed quantitatively by nonaqueous
titrimetry in pyridine. UDMH was
included in this study for purposes of
comparison.

The azine assayed 101% and the
hydrazones 100%. The infrared spectra
of these materials were consistent with
that expected of the azine and the
hydrazones. These materials were then
dissolved in acetic acid and titrated with
O.lN perchloric acid in acetic acid. The
azine titrated as a very weak base and
was quantitatively recovered, whereas
the hydrazones titrated as relatively
strong bases, of which the UDMH hy­
drazone was quantitatively recovered
while the MMH was only 60-70% re­
covered. The potentiometric plots ob­
tained in the titrations of the MMH and
UDMH hydrazones are almost super­
imposable on the plots of MMH and
UDMH. However, the basicity of these
hydrazones should be weaker than MMH
and UDMH becouse of the decrease in
electron density of the nitrogen atoms.

Therefore, it was concluded that
perchloric acid shifted the equilibrium
such that the MMH and UDMH were
actually titrated and not the weakly
basic hydrazones. The low recovery of
MMH could be attributed to incom­
plete acid hydrolysis of the hydrazone.
It was established that the azine is
stable, the MMH hydrazone is some­
what stable, while the UDMH hydra­
zone is entirely unstable in acetie acid­
perchloric acid media.

Additional data confirming the above
conclusions were obtained by agitating
the azine and hydrazones in excess
aqueous hydrochloric acid. The solu-

400350300

0.9

0.0 250

The determinations should be made
immediately on dilution of the sample
with acetic acid tomiriimize hydrazide
formation. A definite decrease in basic
equivalents was noted for diluted
samples which were permitted to stand
longer than two hours at room tempera­
ture.

DISCUSSION AND RESULTS

Effect of Concentrations of Hydrazine
and Monomethylhydrazine. In the
analysis of mixtures of N,H. and MMH
with the above procedure, two distinct
inflections are observed when the
hydrazine concentration is greater than
50%; the first inflection is the excess
perchloric acid, and the second in­
flection is the azine perchlorate salt
(Figure 1).

However, with less than 50% hydra­
zine in the mixture, only one distinct
inflection is observed, but a second
constituent ·is very evident from the
shape of the titration curve.

Visual end point detection was not
used in this system; however, the
system should be amenable to an
indicator such as crystal violet.

The procedure was tested by
analyzing synthetic mixtures of N,H.
and MMH from 0-100% of each com­
ponent. The data are tabulated in
Table I and are corrected for N,H.
found in the MMH sample.

Mechanism of the Reaction. The azine
and hydrazone reactions are reversible
and dependent on hydrogen ion con­
centration (1,2,5).

In glacial acetic acid in the presence
of perchloric acid, the equilibrium is
displaced completely in the direction of
azine formation. However, the reaction
of MMH and. the formation of the
hydrazone is not complete in the same

m.u

Figure 2. Ultraviolet spectrum of monomethylhydrazone of
salicylaldehyde before and after addition of perchloric acid
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Therefore, the conclusion arrived at
by Malone-i.e., that the UDMH
hydrazone of salicylaldehyde is as
basic as UDMH-is incorrect. Under
the conditions employed by Malone,
the UDMH hydrazone is hydrolyzed
rapidly to UDMH and salicylaldehyde
upon addition of perchloric acid,
whereas,the azine is stable and therefore
not titrated as a moderate base in glacial
acetic acid.
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Separation of Protium and Deuterium Forms
of Carbohydrates by Gas Chromatography

RONALD BENTLEY, NRIPENDRA C. SAHA, and CHARLES C. SWEELEY

Department of Biochemistry and Nutrition, Graduate School of Public Health, University of Pittsburgh, Pittsburgh, Pa.

l> Gas liquid chromatography on 15­
to 25-meter, narrow-bore packed
columns of SE-30 and other liquid
phases brought about the complete
separation of trimethylsilyl derivatives
of l3-glucose from l3-glucose-d7' Par­
tial separations were achieved with
the a anomers of glucose and glucose­
d7, and with the a and 13 anomers of
other pairs of protium and deuterium
sugars. Structural factors appear to
playa significant role in these separa­
tions. It is calculated that columns
with 200,000 theoretical plates would
give complete resolution of all the
protium-deuterium pairs studied
(ribose; xylose, fucose, rhamnose, man­
nose, and glucosel.

T HE possibility of fractionation in
compounds containing isotopes of

hydrogen has received considerable at­
tention, particularly with the advent
of high resolution chromatographic
methods. (The term "fractionation"
rather than "isotope effect" is used to
describe the separations discussed here
since the latter term is usually reserved
for cbemical reactions). One of the
earliest studies of such a fractionation in
a gas liquid partition chromatographic
system was that by Wilzbach and
Riesz in 1957 (20), in which cyclohexane
and its completely deuterated form
(C,D,,) were partially separated. More
recently, Lee and Rowland (8) have
demonstrated a partial resolution of
monotritiated butene on a 160-foot col­
umn packed with silver nitrate-ethylene
glycol. Root, Lee, and Rowland (12)
have described an effective recycling
technique for the separation of butane
from deuterated butane, and methane
from deuterated methane. Van Hook
and Kelly (17) separated deuterated
ethanes by gas chromatography, using
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methylcyclopentane as the liquid phase;
subambient operating temperatures in
the range 2730 to 1580 K. were em­
ployed.

Other chromatographic techniques
have also been shown to lead to frac­
tionation. For example, Gant and
Yang (4) have partially separated all of
the tritium-substituted methanes and
deuterium-substituted methanes by gas­
solid adsorption chromatography on a
50-foot column packed with charcoal.
A great many observations have been
reported on the separation of molecular
hydrogen, deuterium, and tritium from
each other and from mixed forms such
as HD and DT [for a review of this
work, see Akhtar and Smith (1)].
Liquid-solid chromatography has been
used by Klein, Simborg, and Szczepanik
(7) to achieve some isotope fractionation
of C"- and H'-labeled cholesterol ace­
tates on silica gel columns. In this
case, a measurable effect was noted with
one tritium atom in the presence of 47
hydrogen atoms, in a compound of
molecular weight 430. Similarly,
Sgoutas and Kummerow (14) have
shown small differences in C"- and H'­
labeled fatty acids on chromatography
with silica gel-silver nitrate columns.
Piez and Eagle (11) observed a slight
fractionation on ion exchange chroma­
tography of C14-labeled amino acids,
and obtained evidence that the effect of
the C14 atom on chromatographic be­
havior was dependent on its position in
the molecule, rather than solely on the
basis of a difference in mass. Similarly,
Marshall and Cook (10) noted that
small differences in countercurrent dis­
tribution of arabinose-1-C" and other
labeled pentoses were not related to
differences in mass only.

These effects have generally been
demonstrated in gas chromatography

with compounds of relatively low molec­
ular weight, in which the isotope-labeled
species differed in mass from the pro­
tium form by from 5 to 10%. The only
exception has been the recent report by
Kirschner and Lipsett (6) of a slight
separation of H'- and C"-Iabeled ster­
oids on short packed columns. If com­
plete separations were possible with
isotope-containing compounds of higher
molecular weight, chromatographic tech­
niques might be used in the biomedical
field for direct determinations of isotope
abundance following metabolic tracer
experiments. A direct chromato­
graphic procedure would obviate the
necessity of converting compounds to a
form suitable for isotope analysis by
classical methods of mass spectrometry,
and would be less complex, instrumen­
tally, than recently described techniques
for continuous mass spectrometric anal­
ysis of gas chromatographic effluent
streams (13, 18).

Deuterated hexoses, in which all of
the carbon-bound hydrogen is replaced
by deuterium, are now commercially
available. Since we had developed a
rapid method for the preparation of
O-trimethylsilyl (TMS) derivatives of
polyhydroxy compounds, and had
studied the gas chromatographic be­
havior of many of these compounds
(3, 16, 19), we undertook an investiga­
tion of the chromatographic separation
of deuterated hexoses (and other sugars)
from the protium forms. For a com­
pound such as glucose, with seven car­
bon-bound deuterium atoms, the mass
difference for the TMS derivative is 7 in
547, or 1.3%. This paper reports the
complete separation of glucose and
glucose-d" and partial separations with
other carbohydrates, using gas liquid
chromatographic columns with effi­
ciencies of from 40,000 to 60,000 plates.
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RESULTS

In a preliminary investigation of the
behavior of deuterated and protium
forms of sugars on short conventional
packed columns, it was observed that
TMS derivatives of the ex anomers of
glucose-d, had essentially identical re­
tention times with SE-30 as the liquid
phase. With the {3 anomers, however,
a consistent but very slight difference
was observed in separate runs of the
deuterium and protium forms, the deu­
terated derivative having the lower
retention time. An average separation
factor, calculated from these chromat­
ograms, was 1.013. It was not possi­
ble to measure the resolution (R) of this
pair, which was so slight that mixtures
of the TMS {3 anomers gave one sym­
metrical peak.

From these results obtained with
short packed columns, it was calculated
t hat the {3 anomeric forms could be com­
pletely separated with a column de­
veloping an efficiency of ahout 50,000
plates. Trial separations were made
with a number of types of long packed
columns, varying the geometry of the
columns, the material of their construc­
tion, and their internal diameters; the
best separations up to the present time
have been obtained with narrow-bore
packed columns 15 meters or more in
length.

Figure I shows a typical chromat­
ogram of TMS ex and {3 anomers of ap­
proximately equal amounts of glucose
and glucose-d,, obtained with 15
meters of 3% SE-30. The separation

165

27,000

B

40,000

155

Figure 2. Separation of protium and deuterium
forms of TMS carbohydrates

Column cnd conditions some as in Figure 1. Portions of complete
chromatograms shown with retention times in minutes and, where
calculable, theoretical plates above peaks
A. First peak, t'~glucopyranose·d7 TMSi second peak, l3-gluco­
pyranose TMS (plates = 40,0001
B. Mixture of {3-g lucopyranose-l-d cnd .a-glucopyranose TMS
(plote. = 27,000)
C. First double peak, methyl a-glucopyranoside-d7 and methyl a­
glucopyranoside TMS; second double peak, methyl {:1-gJuco­
pyranoside-d7 and methyl {3.glucopyronoside TMS

washed tubing, bent into aU-shape,
were filled from a funnel with a mea­
sured amount of packing (9.5 ± 0.5
mI.) by tapping the sides of the tubing
until both sides were completely full.
The ends of the sections were packed
loosely with borosilicate glass wool,
after which the tubing was bent into a
7-inch coil. Sections were joined with
Swagelok unions to a desired total
length and the column was inserted into
the oven of the F & M Model 400,
connecting the inlet side to a 4-inch
length of 4-mm.-i.d. stainless steel
tubing which served as an injection
port. Injections were made in the
usual manner through a silicone septum
with a 10-).11. Hamilton syringe.

A I5-meter column packed with 3%
SE-30 on acid-washed, silanized 100­
to 120-mesh Gas Chrom S was used for
most of the studies herein reported.
This column was operated isothermally
with helium as the carrier gas. An
inlet pressure of 150 p.s.i. gave an
average linear gas velocity of 4.8 em.
per second, which was equivalent to an
outlet flow of 30 ml. per minute (mea­
sured with a soap bubble flowmeter).
A 25-meter column, packed with the

100 120 140 160
MINUTES

-5.1 0

Figure 1. Separation of protium and heptadeutero forms of ,,- and jl-glucose
penta-TMS derivatives

Column. 3% SE~30, 15 meters, operated at 175 0 C.
Peak$,. left to right, solvent peak, 5.1 minutes ofter sample Injection (inl.); C1O, reference methyl
deconootei C12, reference-methyl dodecanoote; X, impurity In glucose-d7 sample (plates = 35,000);
Ci. anomers of glucose-d; and glucose; {3 anomer of glucose-d'l (plates 31,OOO); f3 anomer of glucose
(plate. = 40,000) .
In formula showing chair conformations of glucose, substituent -OSJ(CHsh groups omitted In mterests
of clarity

INJ.

material described above, was operated
at 1950 C. and required an inlet pres­
sure of 210 p.s.i. to maintain the optimal
helium flow rate of 30 ml. per minute.
The average of several H values for
nondeuterated sugars, chromatographed
on 15- and 25-meter c9lumns as de­
scribed above, was 0.425 mm.

Some studies were also made wi th
15-meter columns packed with 2.2%
Apiezon M or 5% Carbowax 20M.

EXPERIMENTAL

Mliterials. Throughout this paper,
we are concerned only with com­
pounds containing deuterium atoms
linked to carbon in a stable bond.
D-Glucose and D-mannose containing
seven atoms of deuterium were pur­
chased from Merck, Sharp and Dohme
of Canada, Ltd., Montreal, Canada.
These compounds, in their aqueous
equilibrium form, had been obt~ined
by cultivation o~ Scenedesmu8 ?bhqu,!8
in deuterium OXide of 99.7% ISOtOPiC
purity. In both cases, the isotopic
purity of the sugar. as determmed by
nuclear magnetic resonance spectros­
cOllY was greater than 95%. D­
Gluc~se-l-d was prepared as described
by Bentley and Bhate (2). The TMS
derivatives of all compounds were pre­
pared by methods which have been
used routinely for gas chromatography
of carbohydrates (16).

Apparatus. An F & M Model 400
gas chromatograph, equipped with a
flame ionization detector, was used
for this work. Gas chromatography
of the common type was performed
on a glass, U-shaped c~lu~n 2 mete~s
in length and 3 mm. m mternal di­
ameter. The column was packed
with 3% methylsilicone gum (SE-30)
on acid-washed, silanized 100- to
120-mesh Gas Chrom S (Applied
Science Laboratories, Inc., State Col­
lege, Pa.), using the solution coating
technique (5) to. l?repare ~he ~aterIal.
This column exhIbited effiCIenCIes whlCh
ranged from 3500 to 4500 plates with
TMS derivatives of hexoses,.

Special columns used to separate
deuterated sugars from their protium
forms consisted of 15 to 25 meters of
1.74-mm. internal diameter ('/,-inch
o.d.) copper tubing. Long lengths (15
meters) of the tubing were given pre­
liminary washes with methanol and
chloroform after which the tubing was
dried tho;oughly with a stream of
nitrogen. Long packed columns were
prepared in sections, essentially accord­
ing to techniques of Spencer (J5), as
follows: Short lengths \3 meters) of
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Figure 3. Separation of protium and deuterium forms of mixed TMS monosaccharides

Column and conditions same as in Figure 1 but temperature] 65 0 C. Instrument sensitivities shown as lOX 8 and lOX 16. Deuterium and protium
forms distinguished by D and H, respectively. Peoks between a-rhamnose, H, and ribose, Of ore other ribose forms. Precise structural assignments of
ribose forms cannot be made. Other unmarked peaks are unidentifled components of deuterated sirup

as well as from pure mannose-rh and
various pure protium forms are tab­
ulated in Table I. In Table II are
shown the separation factors for indi­
vidual protium-deuterium pairs and
required plates for 98% resolution, all
calculated from analyses of the mixed
forms.

Experiments were undertaken to
evaluate the possible assay of mixtures
of glucose and glucose-d, by the gas
chromatographic method, involving area
measurements of the separated forms.
Three mixtures .were prepared, contain­
ing, respectively, 50% glucose-d" 5.7%
glucose-d7 , and 0.57% glucose-d,. The
TMS derivatives were examined on the
IS-meter SE-30 column in the usual
way, with particular attention to the {3
peaks in view of the completeness of
their separation. With the 50% mix­
ture, both peaks were measured at the
same attenuation of the electrometer,
whereas changes were made in the at­
tenuation with the other mixtures, to
accommodate the much larger glucose
peaks. Tracings of the actual results
are shown in Figure 4. The observed
compositions of the mixtures, as deter­
mined by measurements of the areas,
were 48.4, 4.6, and 0.55%, in good agree­
ment with the known values. The
ultimate practical limit of detection by
this method is dependent on the sensi­
tivity of the detector and the complete
separation of the two forms; it is ex­
pected that this limit will be about 0.1%
by weight.

Extension of the length of the SE-30
column from 15 to 25 meters resulted in
an appreciable increase in pressure drop
through the column (from 150 to 210
p.s.i.) and a 50% increase in column
efficiency. From a chromatogram of
the mixture of glucose and glucose-d7 , it
was calculated that the {3 anomeric forms
were >98% resolved; the plate effi­
ciency for the protium form of {J glucose

pointing. The TMS derivatives of the
{3 anomers were eluted from the 15­
meter SE-30 column at essentially the
same retention time. A definite band
broadening was observed (Figure 2, B),
however, which suggested that a slight
separation may have been achieved.
The TMS derivatives of methyl glu­
copyranosides prepared from glucose
and glucose-d, were not as well resolved
as were the TMS derivatives of the free
sugars, as shown in Figure 2, C.

A sirup consisting of several fully
deuterated carbohydrates was first ex­
amined on the 2-meter SE-30 column.
Twelve distinct peaks were attributed
to anomeric mixtures of mannose (the
major component), ribose, xylose,
fucose, and rhamnose. A detailed anal­
ysis of this mixture on the 15-meter
SE-30 column revealed at least 22 sepa­
rate peaks, from which the following
composition was calculated; unidenti­
fied (triose ?), 11.5%; ribose, 2.8%;
xylose, 4.6%; fucose, 12.2%; rham­
nose, 10.8%; mannose,48.9%; other
unidentified materials, 9.2%. On the
basis of this analysis, a mixture was
prepared, containing the deuterated
sugars and the hydrogen forms of ribose,
xylose, fucose, rhamnose, and mannose
in approximately the same proportions
as those in the deuterated mixture. On
the IS-meter column of SE-30, the
chromatogram shown in Figure 3 was
obtained. Clearly separate peaks were
observed for the protium and deuterium
forms of a- and {3-fucose, a- and {3-rham­
nose, fJ-xylose, and a- and {3-mannose.
In addition, a shoulder was distin­
guished on the major ribose peak.
With xylose, the a anomeric form was
partially obscured by the much larger
adjacent {3-fucose peak, so that no sepa­
ration of protium and deuterium forms
of this sugar was observed. The rela­
tive retention times determined from
several chromatograms of the mixture
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Table II. Separation Factors for
Deuterium and Protium Carbohydrates"

Separa-
tion Standard n breq X

factor deviation 10-'Sugar

Ribose
(minor)

Ribose
(major) 1.0131 00013 112

Ii-Xylose 1. 0189 0 0006 51
",-Rhamnose 1. 0182 0.0006 60
Ii-Rhamnose 1.0142 0.0016 93
",-Fucose 1. 0190 0.0012 53
(j-Fucose 1. 0127 0.0016 115
",-Mannose 1. 0103 0.0007 166
(j-Mannose 1. 0093 0.0007 198
",-Glucose 1.0150 0.0006 81
Ii-Glucose 1 .0262 0.0005 26

" Data obtained with 15 meters of 3%
SE-30, conditions in text.

, Calculated for 98% resolution (R ~ 1).

Table I. Relative Retention Times of
Trimethylsilyl Derivatives of Deuterated
and Nondeuterated Carbohydrates"

Sugar Deuterium Protium

Ribose (minor) 2.037 2.070
Ribose (major) 2.124 2.156
Ii-Xylose 3.456 3.509
",-Rhamnose 1. 871 1. 906
Ii-Rhamnose 2.589 2.627
",-Fucose 2.311 2.357
Ii-Fucose 2.755 2.789
",-Mannose 4.518 4.563
Ii-Mannose 6.962 7.030
",-Glucose 5.385 5.469
Ii-Glucose 7.964 8.177

IS Retention times, relative to methyl
dodecanoate, were taken from chro­
matograms with 15 meters of 3% SE-30.

factor for the {3 anomers was 1.026; R
for this separation was l.16. The a
anomeric forms were not so well re­
solved; the observed separation factor
for this pair was 1.015. Compared with
the separation obtained with glucose­
rh, results with glucose-l-d were disap-
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Column and conditions same as In Figure 1.
Instrument sensitivities shown as 1/10 and 1/80

Figure 4. Measurement of deuterium
abundance in P-glucose by gas chro­
matography

leads to negative isotope effects in par­
tition systems, was that the deuterated
carbohydrate derivatives always showed
appreciably more band broadening than
the corresponding protium forms. For
example, {3-glucose-d, gave a plate value
of 31,000 on the IS-meter SE-30 col­
umn, whereas 40,000 plates were cal­
culated for the adjacent {3-glucose on
the same chromatogram (see Figures 1
and 2, A). This characteristic differ­
ence in plate efficiency for deuterium
and protium forms, which was indepen­
dent of the nature of the liquid phase,
cannot be accounted for by differences
in retention time. It is possible that
the observed band broadening is caused
by differences in gaseous diffusion of the
protium V8. the deuterium forms.

The separation factors (Table II) for
various protium-deuterium pairs in the
carbohydrates studied thus far are ex­
tremely low in Some instances but do
not necessarily preclude the possibility
that gas chromatography might even­
tually be of some use for isotope abun­
dance measurements of mixtures con­
taining the fully carbon-substituted
deuterium forms. Present evidence
suggests that a column of either SE-30
or Apiezon M will be effective with
most of the carbohydrates tested, pro­
vided its column efficiency is at least
200,000 plates. Spencer (15) has re­
ported that plates increase relatively
linearly with length in narrow-bore
packed columns; he has obtained
slightly mOre than 10' plates with a
column 460 meters in length.

The factors which affect retention
behavior of deuterated sugars are not
applicable to isotope-labeled compounds
in general. For example, the best col­
umn for resolving {3-glucose and {3-glu­
cose-d, was completely ineffective with
a mixture of glucose and uniformly
labeled glucose-C13. A mass difference
of 6 parts in 546 in this case, as com­
pared with 7 parts in 547 with the deute­
rium compound, made little difference
between the apparent partition coeffi­
cients of glucose and glucose-U-C13.
Furthermore, no separation of the
N-trifluoroacetyl n-butyl esters of gly­
cine-N" and glycine-N15 could be
demonstrated on the 15-meter SE-30
column.

NOMENCLATURE

Glucose-d, = D-glucose-1,2,3,4,5,6,6-d,
Mannose-d, = D-mannose-l,2,3,4,5,6,6-

<h
H = height of theoretical plates
k = partition ratio = tn'lts
n,o. ~ theoretical plates required to

achieve 98% resolution of a
given component pair = 16 X

Ca: S (k t I)'
R = peak resolution ~

tR'(H) - tR' (D)

'1, [Wb(D) +Wb(H)]

colculoted- 50.0%

found- 48.4 %

colculoted- 5.7%

found- 4.6%

colculoted- 0.57%

found- 0.55%

cule, rather than solely on the mass
difference (11). Similarly, a fractiona­
tion was observed during the counter­
current distribution of arabinose-1-C",
but not with arabinose-S-C", xylose-1­
C", and ribose-1-C14 (10). Klein et al.
have also pointed out that with doubly
labeled cholesterol or dihydrolanosterol
acetates, the relative location of the two
isotopes in the same structure was a
strong determinant of the observed dis­
placement in adsorption chromatog­
raphy (7). In our work with mannose
and glucose, both compounds have the
same number of deuterium atoms at the
same carbon atoms of the pyranose ring.
The differences we have observed in
the behavior of various anomeric and
epimeric forms of sugars cannot, there­
fore, be attributed to positional varia­
tions, but more likely must depend on
the over-all structure or conformation
of the molecule. It may be that in the
work of Marshall and Cook (10) with
pentoses, both positional and structural
effects were operative.

No easily proved mechanism can be
invoked to account for the fact that the
deuterium forms were always eluted
earlier than the protium forms in these
partition studies-that is, a "negative
isotope effect"; our results agree in this
respect with the frequent though not
invariable observation of a negative
effect in other partition systems (6, 9,
10, 12, 17, 20). By contrast, the iso­
tope-labeled species generally have
greater elution volumes than the Ilormal
forms in gas- or liquid-solid adsorption
systems (1, 1/,) and ion exchange chro­
matography (11), although again ex­
ceptions are known (4, 8). An inter­
esting finding of this study, which may
be implicated in the mechanism which

was, in this case, 60,000. Although the
increase in length resulted in some added
inconvenience as far as high pressure
operation was concerned, the added
efficiency actually allowed equivalent
or better separations to be made in con­
siderably less time, as compared with
IS-meter columns.

Comparisons were made of the reten­
tion behavior of deuterated sugars on
other types of liquid phases. Of the
three phases tested so far, SE-30,
Apiezon M, and Carbowax 20M, the
best separation factors for protium and
deuterium mixtures were achieved with
Apiezon M, while the lowest H values
were obtained with SE-30. The resolu­
tion of the {3. anomers of glueose and
glueose-d, was 1.13 with 15 meters of
2.2% Apiezon at 1650 C.; the value of
H measured on {3-g1ucose was 0.709
mm. Our results are in agreement with
those of Liberti, Cartoni, and Bruner
(9), who found that nonpolar liquid
phases were more effective than polar
ones for separation of benzene and
perdeuterobenzene on capillary col­
umns.

DISCUSSION

Although the separation of {3-glucose
and {3-g1ucose-d, was excellent on nar­
row-bore packed columns 15 meters or
more in length, our results support the
generalization that isotope separations
of high molecular weight compounds
are not routinely a function of differ­
ences in mass. For example, the a
anomeric pair in glucose was less well
resolved and will require at least 80,000
plates for complete separation. The
range of separation factors found with
various sugar pairs indicates that sev­
eral factors must govern retention be­
havior in the carbohydrate series.

The pronounced difference in behavior
of the a and {3 anomers of the glucose­
glucose-d, pair suggested that the place­
ment of one TMS group in an axial
position in the a anomers diminished
the degree of separation. This was to
some extent confirmed by the fact that
the mannose anomers were not as well
resolved as those of glucose· (a-mannose
in the CI conformation has two axial
groups; (3-mannose in the same con­
formation, one axial group). On the
other hand, when glucose and. glucose­
d, were chromatographed in the form
of TMS methyl glucosides, the separa­
tion of the deuterium from the protium
forms was incomplete for the {3 as well
as the a anomers. These observations
are consistent with a growing body of
evidence indicating that structural fea­
tures have an important role in such
isotopic fractionations. In their studies
of isotope separations of C"-Iabeled
amino acids on ion exchange chroma­
tography, Piez and Eagle in 1955 found
that the effect depended to some extent
on the position of the C" in the mole-
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ts' = adjusted retention time, mea­
sured from solvent peak

ts = retention time of solvent, from
injection

w. = peak width at base
I' I tTt tS"H)a = re atlve vo all y = tR' (D)
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Use of Binomial Probability Distribution Tables
for Calculation of Withdrawn Series
of Countercurrent Distribution

S. B. GHOSH, L. J. SCHAAD, and M. T. BUSH

Vanderbilt University, Nashville, Tenn.

I> The application of the Poscal dis­
tribution to the single withdrawal,
simultaneous withdrawal, and diamond
pattern in countercurrent distribution
is discussed. The Pascal distribution
equation is converted to the binomial
with changed nand r. This makes
it possible to calculate the theoretical
distribution of solute in a withdrawn
series of either phase from standard
Binomial Probability Distribution tables
or from more recent tables of the
Negative Binomial Probability Dis­
tribution.

T HE WITHDRAWN SERIES of the single
withdrawal procedure in counter­

current distribution (CCD) follows a
Pascal distribution (11), the rth term of
which may be represented as (6)

T u ., =

(u+ r)!(~__)u+I( 1 )'
r! u! K + 1 K + 1 (1)

Tu,' in Equation 1 is the fraction of the
total solute emerging in the rth with­
drawal from the distribution apparatus
having number of tubes equal to u,
and K is the partition coefficient. By
substituting different values of r starting
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from 0, the entire withdrawal pattern
can be calculated from the equation.
Hence, Equation 1 is analogous to the
equation presented by Williamson and
Craig (15) for the calculation of the
"binomial" distribution.

Equation 1 also holds good in case of
a withdrawal procedure where, the
fundamental distribution being com­
pleted, both the upper and lower phases
are simultaneously withdrawn from
both sides of the apparatus after each
transfer without adding further solvent.
This type of withdrawal procedure will
subsequently be referred to as simul­
taneous withdrawal to differentiate it
from Craig's double withdrawal (4)
where the phases emerge on every
second transfer. However, it was
referred to as double withdrawal by one
of the present authors (6) after Karlson
and Hecker (7), whose "Zweiphasige
Entnahme" should have been correctly
translated to "Two Phase Withdrawal."
The upper phase series withdrawn from
one side of the apparatus should follow
Equation 1. By interchanging K/(K+
1) and l/(K+ 1), Equation I becomes
applicable to the series of the lower
phases simultaneously withdrawn from
the other side of the apparatus.

The Pascal distribution is also ap-

plicable to the "diamond pattern"
distribution (2), as this is a form of
simultaneous withdrawal procedure
where the transfers are continued until
all the upper phases have been equili­
brated with all the lower phases. The
equations of Karlson and Hecker (7)
and of Newton and Abraham (9, 10)
regarding the distribution pattern of the
single withdrawn series are readily
obtainable from the Pascal distribution.

In a laboratory where Craig's auto­
matic countercurrent distribution ap­
paratus with hundreds of tubes (3, 5) is
not available, a series of separatory
funnels or a manually driven apparatus
with a comparatively small number of
tubes can be more profitably applied
if withdrawal procedures are adopted
(2). A more detailed application of the
Pascal distribution than has heretofore
been made should facilitate the with­
drawal procedures.

In a previous communication (6),
one of the present authors has presented
an equation relating partition coefficient
of the distributed material with the
peak of the Pascal distribution curve.
Karlson and Hecker (7) have reduced
their equation to a form adaptable to a
calculating machine, as did Lieberman
(8) for the binomial distribution.



The expression within the brackets of the
right hand side of Equation 3 is es­
sentially the uth term of a binomial
distribution having number of transfers
(u + r). The terms p and q generally
used in extraction procedures (2, 11)
mean the fraction of solute transferred
to the upper phase and that remaining
in the lower phase, respectively, and
p + q = 1. In terms of partition
coefficient they can be represented as
K/(K + 1) and I/(K + 1) only when
the volume ratio· of the solvents used
equals unity. In case of unequal
volumes, p = KV,/(KV, + V.) and
q = 1 - P = V./(KV, + V.), re­
spectively (2).

By interchanging p and q in Equation
2, the terms for the lower phase series
withdrawn from the apparatus can be
evaluated in an analogous manner

Though much trouble can be avoided
by use of a calculating machine, con­
siderable "manual" computation is
still necessary. Moreover, the method
suffers the disadvantage that any
initial error will affect all subsequent
calculations. Since the binomial is a
statistical distribution, Way and Ben­
nett (14) ~uggested the use of the B.P.D.
tables (12) for calculating the distribu­
tion pattern of a fundamental CCD
procedure. They used tables of n from
2 to 49 and referred to similar tables
having a range of n up to 150.

Recently Alderton (1) presented a
method of calculating distribution pat­
terns from the tables of cumulative
binomial distribution (13) in which
values of n are given up to 1000. We
will now discuss the relationship be­
tween the Pascal and the binomial
distribution and how the B.P.D. tables
can be used for the calculation of the
distribution of solute in a withdrawn
series.

Equation 1 can be represented in
terms of p and q as

- 0.52 ~ 0.48 should be found and
multiplied by 0.48 (see Equation 3a).

Since the range of values of p and q in
the table is from 0.01 to 0.5 at intervals
of 0.01, it provides a wide range of
values for p and allows accurate plotting
of theoretical distribution patterns of a
withdrawn series of either phase.

Alternatively, Equation 1 may be
rearranged to make use of recent and
extensive tables of the negative hino­
mial distribution by Williamson and
Bretherton (16).

T •.• = (u ~ r)pu+lq' =

(
k + r - 1) u, (6)

k - 1 P q

where k = u + 1. The right hand side
of Equation 6 is given in these tahles to
6 decimals for various n, k, and p.
Using these tables eliminates the single
multiplication necessary when using
standard B.P.D. tables.
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T•., = q[(u;- r)q'p"J (3a)

T•., = {(u~r)qup'J (5a)

Equation 5 also involves the rth term
of a binomial distribution having
number of transfers (u + r).

Now to evaluate the terms of a Pascal
distribution, the corresponding values of
the binomial distribution with modified
nand r values should be found from the
B.P.D. tables and multiplied by p or
q (cf. Equations 3 and 5). For example,
when u = 5 and p = 0.4, to find the
fraction of solute distributed in the
fourth withdrawal of the upper phase-­
i.e., at r = 4-B.P.D. tables should be
consulted for a value having n = 9 and
r = 5 and p = O.4-viz., 0.1672151.
(The terms nand r of the B.P.D. tables
should not be confused with those in
the present context.) This fraction
when multiplied by 0.4 (= p) gives the
required result-viz., 0.06688604. The
corresponding value presented by Bush
and Densen (2) is 0.0666, for their
fraction 5. The former value should
be more accurate as it was calculated
from the figure of the B.P.D. tables
correct to the 7th decimal place.

The B.P.D. tables should be consulted
for both the changed nand r values to
evaluate the upper phase withdrawn
series, but in case of evaluating the
lower phase withdrawn series r remains
unchanged. Thus, to calculate the
distribution of the lower phase series at
r = 4, having u = 5 and p = 0.4,
B.P.D. tables should be consulted for a
valuehavingn ~ 9,r = 4,andp = 0.4­
viz., 0.2508226. This multiplied by 0.6
(= q) gives the required value,
0.15049356. Bush and Densen (2)
showed the corresponding value to be
0.1507 for their fraction 8.

In order to obtain the corresponding
T•., values for p greater than 0.5 it is
only necessary to interchange the values
of p and q and those of the rand (n - r)
terms. Equations 3 and 5 are reduced
to (3a) and (5a), respectively.

The B.P.D. tables can now be re­
ferred to with these revised values.
Thus to calculate the T•., value of
u = 19, r = 11, and p = 0.52, the bino­
mial term for n = 30, r = 11, and p = 1

(3)

(2)

(4)T' _ (u + r)! , "+1
".r - r! u! p q

[(u+ r) "'JT •., = PuP q

Equation 4 can be rearranged as

which can be written as
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Fluorometric Microdetermination of Heme Protein

GEORGE R. MORRISON

Department of Preventive Medicine, Washington University School of Medicine, St. Louis, Mo.

I> A fluorametric method is described
for the measurement of as little as
0.01 jlg. of heme protein in animal
tissues. The method is based upon
conversion of the protein's heme
moiety to its fluorescent porphyrin
derivative by incubation with oxalic
acid. The relative standard deviation
with the proposed procedure is about
2%. The simplicity of the procedure
and the stability of the fluorescence
facilitate the measurement of a large
number of samples. The determina­
tion of heme proteins in biopsy ma­
terial from several organs has been
shown to be primarily dependent on
the hemoglobin concentration.

If N QUANTITATIVE histochemical
.u.. studies of tissues, a method was
needed for measuring as little as 0.01
pg. of heme protein in biopsy specimens
in order to estimate the contribution of
whole blood to other biochemical meas­
urements. In a simple procedure which
has the required sensitivity when used
with a photomultiplier-type fluorometer,
the heme moiety of heme proteins is
converted into a stable porphyrin de­
rivative.

Zade-Oppen (5) reported an adapta­
tion of the colorimetric method of
Drabkin (2) which measures dilute
solutions of cyanmethemoglobin pre­
pared from washed red blood cells.
By modifying this procedure to measure
the cyanmethemoglobin formed in micro­
cuvettes with a final volume of 50 1'1.,
as little as 0.5 Itg. of hemoglobin could
be measured. However, because of the
development of turbidity due to protein
in the final reaction mixture, this
method is not satisfactory for analysis of
hemoglobin in tissues other than whole
blood where the ratio of heme protein
to total protein is high. The f1uoro­
metric procedure described has the
advantage of a greater ultimate sen­
sitivi ty and can be used to measure
tissues which have a low ratio of heme
protein to total protein.

EXPERIMENTAL

Reagents and Equipment. Oxalic
acid, analytical grade, is washed
with redistilled water, 100 ml. of
water per 50 grams of oxalic acid,
at 40 C. A saturated solution of
oxalic acid is then made up at room
temperature in order to obtain a
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solution which is approximately 2
molar.

Standard hemoglobin solutions with
concentrations between 0.005 and
0.05 mg. per ml. are prepared in
O.lM phosphate buffer, pH 7.4, con­
taining 0.05% bovine plasma albumin
(Sigma Co., St. Louis). In the ab­
sence of added albumin, dilute hemo­
globin standards cannot be stored
and even fresh standards give erratic
results. The hemoglobin for these
standards is obtained from red blood
cells which are washed in isotonic
saline and lysed in 100 volumes of
redistilled water. The solution is cen­
trifuged to remove erythrocyte ghosts.
This concentrated preparation of'hemo­
globin is standardized spectrophoto­
metrically after conversion to cyano­
methemoglobin (1). Dilute standards
are stable for at least two months when
stored at - 200 C.

Solutions with 0.1 to 1.0 pg. per ml.
of coproporphyrin-1-tetramethyl ester
(Sigma Co., St. Louis) are prepared
in O.lN hydrochloric acid. These stand­
ards are not essential, but may be
convenient to control instrument set­
tings during fluorescence measurements.

Lang-Levy pipets (3, 4-) are used
throughout.

Fluorometer tubes are selected from
7.5 X 50 mm. shell vials (Kimax, No.
60935-L, A. S. Aloe Co., St. Louis)
and for larger samples from 10 X 75
mm. serological tubes (Corning No.
9820, A. S. Aloe Co., St. Louis). Tol­
erances are kept within 1 or 2% for the
outer diameter. The f1uororrteter tubes
must be very carefully cleaned before
use. The following procedure is recom­
mended: two rinses with detergent,
two with water followed by heating in
half concentrated nitric acid at 1000

C. for 30 minutes, and then three rinses
with distilled water.

The Farrand fluorometer is suitable
for measuring the fluorescence. An
adapter is necessary to hold tubes of
7.5 X 50 mm. in size.

A small autoclave was most con­
venient for incubation of samples.
However, tubes may be placed in a
water bath at 1000 C. if care is taken
to ensure uniform heating to be cer­
tain that evaporation is equal from each
tube. This is best accomplished in a
circular pan with a circular rack made
to hold tubes equidistant from the
center of the pan where the source of
heat is applied. Covering the pan and
the rack with alumiRum foil but leaving
the upper two thirds of each tube ex­
posed allows the temperature of the
boiling water to approach 1000 C.
and decreases evaporation from the ex­
posed portion of the uncovered tubes.

Procedure. The description given
below is applicable to tissues contain­
ing 0.01 to 0.10 pg. of heme protein.
Frozen dried sections of tissue are
weighed on a quartz beam balance.
Sections weighing 1.0 to 20.0 pg. are
placed along the bottom rim of 1-ml.
fluorometer tubes, 7.5 X 50 mm.
Into each tube are pipetted 5 1'1. of
0.02N NaOH in such a manner that
the solution flows over the section.
The tubes are kept at room temperature
for 15 minutes to allow the proteins to
solubilize after which 200 1'1. of 2M
oxalic acid solution are added. If
homogenates are used, NaOH treatment
is not necessary and 5 pl. of homogenate
are pipetted into the 1-ml. fluorometer
tubes before adding the oxalic acid
solution. When handling a large num­
ber of tubes it is necessary to add the
oxalic acid solution rapidly by using an
automatic syringe. Solutions may be
thoroughly and rapidly mixed by use
of a mechanical "buzzer" (3). Within
10 minutes of adding the oxalic acid,
the rack of tubes is loosely covered by
a sheet of aluminum foil and placed in
an autoclave which has been preheated
so that the tubes can be exposed to a
temperature of over 1000 C. without
delay. The tubes are autoclaved for
30 minutes at about 1200 C. (15 lb.
per square inch) after which the heating
unit of the autoclave is shut off. In
order to minimize changes in volume, the
inner chamber of the autoclave is
opened only after the autoclave has
cooled for about 30 minutes and the
pressure of the inner chamber has
fallen considerably. The samples may
be read in a fluorometer after cooling
for 15 minutes at room temperature.
The fluorescence of solutions is stable
for over 24 hours at room temperature
in daylight.

Standards are prepared by adding 5
1'1. of standard hemoglobin solutions to
l-ml. fluorometer tubes. Standard
blanks are prepared by adding 5 1'1. of
phosphate buffer with bovine plasma
albumin to 1-ml. fluorometer tubes.
Blanks for dried sections contain 5 1'1.
of 0.02N NaOH and for homogenates,
5 1'1. of the solution in which homog­
enates are prepared. The standards,
standard blanks, and tissue blanks are
carried through the entire analytical
procedure. The above tissue blanks
are satisfactory for measurement of
total tissue heme protein but if the
procedure is to be utilized to measure
accurately total tissue hemoglobin, tis­
sue blanks may be prepared which con­
tain appropriate amounts of tissue
from organs which have been perfused
with saline to remove circulating red
blood cells.



DISCUSSION AND RESULTS

Figure 1. Rate of fluorescence de­
velopment ot 120 0 C.

The A 41D-mlL mercury line, isolated
with Corning filter No. 5113, is used
as the exciting source. The secondary
filter is Corning No. 2424, a cutoff
filter with 50% transmittance at about
A 600 mIL. All samples may be read
against one of the standards or against
a coproporphyrin I solution in O.IN
HCI.

The procedure may be readily adapted
to larger samples by appropriate selec­
tion of tube size and reagent volumes.
In making such changes, it should be re­
membered that the ratio of homogenate
or dilute NaOH volume to oxalic acid
volume should be less than 1 to 20 and
that over 0.5 ILg. heme protein per ml.
of oxalic acid solution produces quench­
ing of the fluorescent solution. For
example, 0.05 to 1.50 ILg. of heme pro­
tein in dry sections weighing 5 to 100
ILg. may be treated with 25 ILL of 0.02N
NaOH and incubated in 1 ml. of 2M
oxalic acid using standard 10 X 75
mm. fluorometer tubes which can be
used in the Farrand fluorometer without
a special adapter.

80

90

Figure 2. Standard curve for hemo­
globin
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tion of oxalic acid solutions containing
large 'amounts of brain, liver, pancreas,
and kidney. This does not appear to
interfere with f1uorometric readings in­
asmuch as the turbidity can be largely
removed without altering fluorescence
by "buzzing" the oxalic acid solution
with a small amount (10 1'1. per 200 ILL
of oxalic acid solution) of ether.

Filters for the fluorometer were chosen
which produced the highest ratio
of porphyrin fluorescence to reagent
blank fluorescence. The primary filter
isolates the Soret band, A 410 mIL,
which is the exciting wavelength giving
the maximum red fluorescence of por­
phyrins. The secondary filter permits
transmission of the red fluorescent
bands, all of which are above A 600 mIL.
The loss of sensitivity entailed by
measuring only the red fluorescence is
compensated by a greater specificity.

Quenching becomes marked at con­
centrations of hemoglobin greater than
1.0 I'g. per ml. of oxalic acid solution but

volume of 0.02N NaOH added to
solubilize the protein in dried tissue.

Concentrated solutions of heme pro­
tein were used to study the rate of
development of fluorescence in oxalic
acid. Incubating at temperatures
between 980 C. and 1250 C., fluorescence
of 4 I'g. of hemoglobin in 1 m!. of oxalic
acid is fully devcloped after 30 minutes
and additional incubation does not lead
to a change in fluorescence (Figure 1).
Following incubation, the fluorescence
of the final solution is stable at room
temperature in daylight for over 24
hours and upon exposure to ultraviolet
light loses fluorescence very slowly.

A critical point in the procedure is the
interval between the addition of 2M
oxalic acid to fluorometer tubes con­
taining solutions of heme protein and
the onset of incubation. The longer
this interval at room temperature, the
lower the fluorescence of the final
incubated solution. The loss in ultimate
fluorescence of the pre-incubation mix­
ture of heme protein and oxalic acid is
almost linear during the first 30 minutes
at room temperature and amounts to
approximately 15% but thereafter the
rate of loss becomes progressively less
rapid. Consequently, it is important
to add oxalic acid solution rapidly to
tubes contailing heme protein so that
the mixed solutions remain at room
temperature for less than 10 minutes
before incubation is begun. In view of
the stability of fluorescence between 30
and 60 minutes at 1200 C. (Figure 1)
and for at least 24 hours at room
temperature after incubation, this pre­
incubation effect is difficult to explain.
It is not related to alterations in protein
produced by 2M oxalic acid inasmuch
as the effect was also observed in the
absence of protein by using solutions of
crystalline hemin or acid hematin pre­
pared from blood which had been
treated with 3; 1 ethyl acetate and
glacial acetic acid to remove the protein.

Slight turbidity appears after incuba-

" 13.1 ILg. of each tissue was used as a homogenate either alone or mixed with 0.0378 I'g.
hemoglobin (Hgb) as indicated.

• Calculated using average of tissue alone values.

Table !. Precision and Recovery
Heme protein found, mlLg. Heme protein found, mJLg.

Calcu-
Tissuea Tissue Calculated' Tissuea Tissue !ated'
alone plus Hgb" total alone plus Hgb" total

Testes 9.8 43.7 47.8 Kidney 44.9 83.8 83.0
10.0 41.5 47.8 44.9 82.7 83.0
10.0 44.7 47.8 45.7 82.8 83.0
9.7 42.8 47.8 45.1 83.2 83.0

Brain 16.6 54.1 54.5 Liver 100.1 131.6 134.8
16.5 53.1 54.5 96.2 1300 134.8
16.5 52.4 54.5 97.7 131.0 134.8
16.8 50.1 54.5 93.5 134.1 134.8

Pancreas 26.1 66.9 64.2 No tissue 37.6 37.8
26.1 66.2 64.2 38.4 37.8
26.9 65.4 64.2 37.6 37.8
26.0 65.3 64.2 38.1 37.8

4 )'H."molliobitl in I ml. Qlc.lit Acid
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The details of the proposed fluoro­
metric procedure were worked out in
studies using hemoglobin while the
validity of the method was evaluated
using tissue from several organs and
purified heme proteins.

Upon treatment of heme proteins
with certain acids, the iron is removed
from the heme moiety with the result
that fluorescence of the porphyrin de­
rivative develops. Of several acids
studied, hypophosphoric acid and oxalic
acid were found most capable of
developing the fluorescence of hemoglo­
bin. Oxalic acid was superior to hypo­
phosphoric acid for microanalyses be­
cause it gives a higher ratio of porphyrin
fluorescence to reagent blank fluo­
rescence. The fluorescence intensity
increases markedly with increasing acid
concentration. The concentrations of
oxalic acid solution most effective in
developing the f1uoresence of hemo­
globin are between 1.8 and 2.0 molar.
Consequently, the volume of 2M oxalic
acid utilized in a reaction should be at
least 20 times greater than either the
volume of homogenate utilized or the
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Table IV. Fluorescence of Heme Proteins Relative to That of Hemoglobin

Primary filter" 5113 4010 + 5860 Calculated
5120 relative

Buorescence"
Exciting wave 436 ml' 546 ml' 365 ml'

length
Hemoglobin 100 100 100 100
Myoglobin 93 108 87 100
Peroxidase 45 49 38 39
Catalase 26 25 22 30
Cytochrome C 27 27 19 131

a Corning filter numbers.
b Based upon molecular weight and atoms of Fe per mole of heme protein.

a Standard error of difference.

Table III. Comparison of Heme Pro­
teins in Unperfused and Saline Perfused

Organs
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prior to weighing. As demonstrated in
Table III where the average of total
heme proteins in various organs from
the four unperfused rats are compared
with those from the four perfused rats,
the major heme protein in unperfused
tissues is hemoglobin. Consequently,
in tissue biopsies, the proposed fluoro­
metric procedure is primarily a deter­
mination of hemoglobin in the tissues.
This is especially true for lung, brain,
kidney, testes, skeletal muscle, and
pancreas in which it was revealed that
over 80% of the heme protein present
in the unperfused organ is hemoglobin.

The relative fluorescence of several
heme proteins incubated in 2M oxalic
acid differs quantitatively. The fluo­
rescence with different filter combinations
may be of interest (Table IV). The
secondary fil ter in all cases was Corning
No. 2424. The fluorescences are re­
corded as per cent of that obtained with
the same weight of heme protein (0.41'1.
per 1 m!. of 2M oxalic acid) and are
expressed relative to hemoglobin with
the same filter combination. The
filter combination in the first column is
that recommended in the proposed
procedure. Data are to be considered
only approximate. Except for cyto­
chrome C, the relative fluorescent
values which were determined compare
reasonably well with values calculated
on the basis of molecular weights and
atoms of iron per mole of heme protein.
Bilirubin produces about one four­
hundredth the fluorescence of an equal
weight of hemoglobin.

By substituting fluorometry for
colorimetry in the measurement of heme
proteins it is easy to obtain high sen­
sitivity without sacrifice of precision.
No attempt has been made to attain
maximal sensitivity. Merely reducing
the volumes fourfold-a completely
feasible change-would increase the
useful sensitivity four times (since the
reagent blank is the present limiting
factor and is equivalent to 0.01 I'g. of
heme protein per m!. of oxalic acid).

13.1 I'g. of the different tissues as homo­
genates is satisfactory (Table I).

A comparison was made between the
proposed fluorometric procedure and
the colorimetric method of Zade-Oppen
(5) for the determination of dilute
hemoglobin solutions by means of
parallel determinations of the total
hemoglobin in ten samples of whole
blood collected in heparinized tubes.
Dilute solutions of each sample con­
taining about 5 mg.% hemoglobin were
prepared by mxiging 35 I'!. of whole
blood with 100 m!. of redistilled water.
This dilution reduces the concentration
of plasma proteins to a level which will
not create turbidity that is a problem in
the colorimetric procedure. For the
colorimetric procedure, 4 m!. of each
dilute hemoglobin solution was mixed
with 0.1 ml. of a freshly prepared
solution containing 0.08 gram NaNO"
2.08 mg. KCN, and 0.04 gram NaHCO,
per m!. Twenty minutes after mixing of
these solutions, absorbance at A 420
ml' was measured. The fluorometric
analyses were performed on 3-1'1.
aliquots of each dilute hemoglobin
solution mixed with I m!. of 2M oxalic
acid immediately before incubating in
an autoclave. The paired t test revealed
no significant difference between values
ohtained by the two methods; 0.1 < P
< 0.2 (Table II).

The heme proteins in tissues which
can be expected to contribute to the
fluorescence of incubated oxalic acid
solutions with the proposed fluorometric
procedure include the hemoglobins,
myoglobins, cytochromes, catalases, and
the perioxidases. Unless tissues are
perfused with solutions containing anti
coagulants to remove circulating eryth­
rocytes, the major heme protein meas­
ured upon analysis of all tissues will be
hemoglobin. In order to determine to
what extent hemoglobin contributes to
the fluorescence of tissue analyses, heme
protein determinations were made of
various tissue biopsies taken from four
rats under ether anesthesia and from
four rats which had been heparinized,
sacrificed under anesthesia by cardiac
excision, and perfused through the
ascending aorta with 500 m!. of normal
saline containing heparin. Perfused
tissues were blotted free of excess water

Heme
protein

removed
by

perfusing
organs
with

saline,
%

90.5
90.4

89.7
884
83.7
80.3
65.7
58.9

I'g. of Heme
protein per mg.

fresh weight
Unper- Per­
fused fused

biopsy organ
4.26 041
2.91 0.29

4.56 0.47
1.73 0.20
5.34 0.87
4.53 0.89
7.37 2.53
5.48 2.30

2.91 3.08 +017
3.02 297 -0.05
3.24 3.20 -0.04
4.11 4.01 -0.10
4.54 4.41 -0.13
4.83 5.02 +0.19
5.44 5.42 -002
5.51 5.63 +0.12
5.69 5.83 +0.14
6.37 6.42 +0.05

Av.
4.57 4.60 +0.03 ± 0.019"

Pancreas
Br.,ain
Psoas

muscle
Testes
Lung
Kidney
Liver
Heart

Table II. Comparison of Fluorometric
and Colorimetric Methods on Ten

Blood Samples
Hemoglobin per 100 mi. of water, mg.
Fluori- Colori-
metric metric Difference

the fluorescence-eoncentration curve is
linear up to 0.5 I'g. per m!. (Figure 2).

Validation of Method. The relative
standard deviation with the proposed
procedure is about 2% with quantities as
small as a few hundredths of a micro­
gram of hemoglobin (Table 1.) Even
with 0.01 I'g. hemoglobin in 200 I'!. of
final volume it is only about 5%.
Fresh specimens of testes, brain, pan­
creas, kidney, and liver from rats
sacrificed by decapitation were
analyzed with and without amounts of
added hemoglobin. Recovery of
0.0378 J.<g. of hemogloLin added to
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Application of lithium-Drifted Germanium Gamma-Ray
Detectors to Neutron Activation Analysis

Nondestructive Analysis of Aluminum

S. G. PRUSSIN, J. A. HARRIS, and J. M. HOLLANDER

Lawrence Radiation Laboratory, University of California, Berkeley, Calif.

~ A lithium - drifted germanium
gamma-ray spectrometer has been
utilized for' the nondestructive analysis
of aluminum by the method of neutron
activation. Because of the much higher
resolving power of these semico~ductor

detectors in comparison to the widely
used sodium iodide scintillators, a
marked simplification is achieved in
the analysis of samples yielding com­
plex gamma-ray spectra. In this work,
fractional parts-per-million concen­
trations of Mn, Sc, Hf, and Cr were
readily detected and analyzed non­
destructively in 99.9999% aluminum.

I N REC>:NT years, the technique of
activation analysis utilizing gamma­

ray detection has received considerable
attention and has been shown to have
important applications to a wide variety
of analytical problems. Of the many
features tending to make the technique
attractive, pcrhaps the most important
are: very hijl;h sensitivity for many
elements, elimination of need for re­
agent blanks common to many other
analytical techniques, and lack of
interference from neighboring elements
(since the decay properties of radio­
active isotopes are unrelated to their
chemical properties). With the develop­
ment of large sodium iodide scintillation
detectors and lower-cost multichannel
pulse-height analyzers, the technique
has been put within reach of most
laboratories.

However, in many practical situa­
tions, the use of activation analysis has
not been attractive because of the
laborious procedures that are required,
for example, for the simultaneous deter­
mination of several elements in the
same sample. Practical samples con­
taining a number of readily activated
elements generally yield complicated
gamma-ray spectra, because of the
production of several radioactive iso­
topes each of which may have a number
of gamma-rays in its characteristic
spectrum. Because of the poor intrinsic
resolving power of sodium iodide scin­
tillation detectors, there results a con­
siderable overlap of gamma lines in the
spectrum. In order to sort out and

identify the component gamma-ray
lines, it is necessary either to employ
elaborate and time consuming chemical
separations or to resort to indirect
methods such as the "synthetic
analysis" of the spectrum with use of
complex computer programs (2).

Recently, a significant advance in the
field of gamma-ray spectroscopy has
taken place, with the development of
semiconductor detectors that have very
much higher resolving power than the
widely-used NaI scintillators and yet
are moderately sensitive to gamma rays.
It is possible with the use of these
lithium-drifted germanium IGe(Li) )
detectors to distinguish gamma rays
differing in energy by as little as 2 to 4
k.e. v. in complex gamma-ray spectra,
and to determine their absolute energies
to better than 0.5 k.e.v. Because of the
high resolution, individual photopeaks
stand out more distinctly over back­
ground radiations, and thus it is pos­
sible to detect relatively weaker gamma
lines in a spectrum than can be done
with scintillation detectors.

These properties have aroused our
interest in the application of Ge(Li)
detectors to problems in activation
analysis, especially to nondestructive
analysis, where the high available res­
olution would appear to allow wider
application of the technique as well as
an improvement in sensitivity.

To investigate these possibilities, we
have considered the analysis of high­
purity aluminum by neutron activation,
a problem that has been given con­
siderable attention. For a review of
previous activation analyses of high­
purity aluminum, the reader is referred
to the paper by Chinaglia and ;\'lalvano
(3) on a nondestructive analysis and
that of Gaittet and Albert (5) on a
destructive analysis. I'n this report we
discuss and compare the results of our
nondestructive analysis using Ge(Li)
detectors with previously reported non­
destructive analyses.

EXPERIMENTAL

The detector used in the present
study was prepared in this laborat<JrY
and has dimensions 6 sq. cm. X 9 mm.
(active thickness). The detector is

operated in vacuum at approximately
77° K., with a bias voltage of 720
volts. For a comprehensive description
of the characteristics and fabrication of
lithium-drifted germanium detector sys­
tems, the reader is referred to the
reports of Ewan and Tavendale (4),
Goulding (6), Goulding and Han"en (7),
Hansen and Jarrett (9), and Miner
(12).

A sectional view of a typical detector
assembly is shown in Figure I and a
picture is reproduced in Figure 2. The
detector i, mounted on a copper plate
that makes thermal contact with a
liquid nitro!,:en reservoir cryo,tat. A
Varian Vaclon pump is used to provide
a pressure of approximately 2 X 10-'
micron in the detector chamber. The
front window of the detector chamber
is aluminum, of thickness 0.020 inch
(137 mg.jsq. em.). The associated
electronics consi'sts of a low-noise, low
capacity preamplifier and biased ampli­
fier system desi~ned by Goulding and
Landis (8) and constructed at this
laboratory. Pulses from this system
are routed to an RI DL 400 channel
pulse-height analyzer for 'ortin~.

The photopeak efficiency function of
the detector for gamma rays of various
energies was obtained by count.ing
standardized sources of HO'20J Na"
Na24 , and AU 198 under the exreri'menta.l
conditions used for the activation anal­
ysis samples. The absolute disinte­
gration rates of these standard sources
were obtained bv a coincidence method
(1). The resulting experimental photo­
peak efficiency curve is shown in Figure
3 along with the corresponding curve
for a 3 X 3 inch (diameter) NaI(Tl)
crvstal. The latter curve was con­
structed from the data given by Heath
(10). In the case of the Hg203 279­
k.e.v. line, the efficiency of the Ge(Li)
detector relative tD that of the Nal (1'1)
detector (with the source located at a
distance of approximately 2.5 cm. from
the face of the det.ector) was 1.3 X JO -'.

In Figure 4 are showll curves relating
the observed line widths of ~amma rays
as a function of gamma-ray encrgy
for a Ge(Li) detector of dimensions 2
sq. em. X 7 mm. (active layer) and
a 3 X 3 inch (diameter) KaI(TI)
crystal. The larger Ge(Li) detector
used in the present work showed a line
width of about 4 k.e.\·. (full width at
half maximum) for the 122-k.e.v.
gamma ray of Co", as compared to
about 2 k.e.v. for the smaller detector.
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Figure 1. Schematic diagram of Gelli) detector assembly

Table I. Characteristics af lPTR Re­
actor Irradiation Positions

Figure 2. Photograph of Ge(li) de­
tector assembly

Ge(Li)
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0
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Figure 3. Photopeak efficiency curves
for the Ge(li) gamma-ray detector
and a 3 X 3 inch (diameter) Nal(TI)
scintillator

Examples of gamma-ray spectra ob­
tained from the 2-hour irradiation of
aluminum wire of unspecified purity in
position Sol of the reactor are shown in
Figure 5. Spectra A and B were ob­
tained with the Ge(Li) detector and
spectrum C with a good 3 X 3 inch
(diameter) NaI(Tl) detector.

The energy range used in the spectra
of Figure 5 is 2500 k.e. v. Although most
of the gamma rays are well resolved it is
important to note that the full resolving
power of the detector is not apparent
because of this large energy range.
In particular, it appears that the 834-

RESULTS AND DISCUSSION

These line widths are to be compared
with a widt·h of about 20 k.e.v. typical
of the response of NaI ('1'1) detectors
at this energy.

The aluminum samples, which ranged
from aluminum wire of unspecified
purity to 99.9999% aluminum ingots,
were prepared for irradiation by etching
in concentrated HCI to remove surface
contamination. The samples were then
packaged in polyethylene film or sealed
in quart?, tubes along with the ap­
propriate standards. Neutron irradia­
tions were carried out in the Livermore
LPTR reactor. Irradiation periods
ranged from 2 hours to 90 hours.
After irradiation the samples were
al';ain cleaned by etching in concentrated
HCI and then mounted on aluminum
planchets for counting. Samples were
generally available for counting within
3 hours after the end of irradiation.
In order to pre"ent the detection of
beta rays and internal conversion
electrons, the samples were counted
through a 675 mg.;'sq. Col. aluminum
ahsorber.

The pertinent characteristics of the
reactor irradiation positions used in
these studies are given in Table 1.

Short Irradiations: Analysis of
Copper, Manganese, and Gallium in
Aluminum. In order to determine
impurities in the aluminum giving
rise to short-lived activities, several
samples of aluminum of different
purities were irradiated for 2-hour
periods in the LPTR reactor. The
gamma-ray spectra of these samples
indicated the presence of Cu", Mn",
Ga72

, and Na24
•

Cad-
minm Flux, E.. >
ratio 3.3 m.e.v.

11 1 X 10"
n/sq.
em. sec.

8.3 2-3 X 1010

8-1 5.1 X 10"
n/sq.
em. sec.

8-2 3.4 X 10"

Posi- Thermal
tion flux
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Gommo- fO'/ energy (keV)

Figure 4. Comparison of gamma-ray line widths as
a function of gamma-ray energy for a Ge(Li) de­
tector and a 3 X 3 inch Nal(l!) detector

~'Li)

from Mn" at 1815 k.e.v. is cleanly re­
solved from the 1729 k.e.v. "double
escape peak" from Na" in the Ge(Li)
spectrum. The many resolved lines of
Ga", although weak, illustrate the
benefits of the improved resolution.

The results of the analysis of copper,
manganese, and gallium in aluminum
samples of four different grades are given
in Table II. These were obtained by
comparision of the intensities of the
511-k.e.v. line (Cu) , 834-k.e.v. line
(Ga) , and the 849-k.e.v. line (Mn) in
the spectra of the aluminum samples
with the corresponding intensities ob­
tained from standards that were ir­
radiated simultaneously. Included in
the table are the apparent concentra­
tions of sodium impurity in two of the
aluminum samples, as determined from
the induced Na" activity. The decay
of these gamma-ray lines gave half­
lives in good agreement with values re­
ported in the literature for the decay
of Cu", Ga", Mn" (13). In this case a
major fraction of the observed Na" is
actually due to the secondary reaction,
A]Z'(n,a)Na". In the case of the
sample of 99.9999% aluminum, this
reaction accounts for more than 90%
of the observed Na".

10'

tion sodium iodide spectrum of an
energy range as great as 2500 k.e.v., it
is not adequate for a high-resolution
spectrum. We normally use a maximum
energy increment of 1.0 k.e.v. per
channel with germanium systems in
order to take full advantage of the
available detector resolution.

Note also that the relatively weak line

10'

~

'"~ 10
•
~

::;

I
10

k.e.v. line from Ga" is not resolved from
the 845-k.e.v. from Mn"; that the de­
tector is capable of resolving these lines
is demonstrated in the insert to this
figure in which a smaller energy interval
is analyzed. This illustrates the
practical point that although a 400­
channel analyzer provides a sufficient
number of channels for the low-resolu-

>-... ~

:gc0... ::;-.Q ;;; ~... ;;;
0

104
Q)

c: .N

c: 0

0 '"
.s:::. 103
(.) -

':'

...
Q)
Q.

10
2 ~

Ul-c:
::l
0

10
1

U

o 100 200
Channel number

300 400

Figure 5. Gamma-ray spectra of activated aluminum wire

Spectra A and 8 were obtained with the Ge (til detector and spe<:trum C with a 3 X 3 inch (diometed NoJ{TI) scintillator. Spectra token
at the following times ofter a 2~hour Irradiation: A, 5.2 hr.; 8, 54.7 hr.; C, 5.7 hr.
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Long Irradiations: Analysis of
Iron, Cobalt, Chromium, Hafnium,
and Scandium in Aluminum. Samples
of the aluminum wire and 99.9999%
aluminum were irradiated for 90-hour
periods in position S-l of the LPTR
reactor to enhance the longer-lived
activities induced in the aluminum.
After a decay period of about 10 days

essentially all of the Na24, Cu", and
Ga72 had decayed and it was possible
to observe gamma rays from Fe",
Co" Cr" Hf'81 and Sc'" in the
acti~ated ~luminu:nwire. The gamma­
ray spectrum of the wire sample, taken
two weeks after the end of irradiation,
is shown in Figure 6. The spectrum
shown in the upper part of this figure

was taken with an analyzer setting of
3.6 k.e.v. per channel. For more detail,
the various energy regions were also
examined with a setting of 0.8-1.0
k.e.v. per channel; two such regions
are shown in the lower part of the
figure.

The gamma-ray spectra of the wire
sample obtained with the smaller energy

.....

o
"'0
u,
~

o

..... ".....

Spectrum A: range 130 -1550 keY
(3.6 keY per channel)

Spectrum B: ronge 40 - 380 keY
(0.85 keY per chonnel)

Spectrum C: range J050 -1450 keY
(1.0 keY per channel)

,.....
>-
'"-
0 ~

'"- 2- , ;;;~

.0
-",

I
'"- ;0

Q)
C
C
0
.s=
(,)

'"-
Q) :llM
Q. ...,
V> ~...-
C
:;,
0

(,)

o 100 200
Channel number

300 400

Figure 6. Gamma-ray spectra of the activated aluminum wire showing long-lived activities induced in sample
Spectra obtained with the Ge(Li) detector 16.4 days after end of a 90-hour Irradiation
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Table II. Results of Nondestructive Activation Analysis for Copper, Manganese, and Gallium in Four Grades of Aluminum
Irradia-

Sample ti'Oll Copper Manganese Gallium Sodium
Sample weight position "g. p.p.m. "g. p.p.m. "g. p.p.m. "g. p.p.m.

Al wirea o 0714g S-l 68 950' 026 3.7 14 200 15 210'
99.99% Ala 0.133 S-2 1.7 13' 0.029 0.22 <1.4' .. J

0.5050 S-2 5.2 10' 0.12 0.25 <3.4' f

99.999% Ala 0.6918 S-2 0.79 1 l' 0.22 032 <0.14' 11 16'
0.3706 S-2 0.39 1.1' 0.080 0.22 <0.19' 7 4 20'

99.9999% Ala 0.6072 S-2 <0.30' 0.13 0.22 <0.14' J

0.5024 S-2 <0.40- 0.084 0.17 '"
J f

• Sample of unspecified purity.
b Calculations of copper concentrations have been corrected for contribution to the 511-k.e.v. photopeak from Na 24 •

c Sodium concentrations are uncorrected for contribution from the reaction A121(n,a)Na24 •

II Obtained with spectrographic analysis in the form of ingots from Cornineo Products, Inc., Spokane, Wash.
~ Upper limits correspond to the maximum concentration allowed by sta.tistics (20" U~its) of the total counts in the region of the an­

alyzed photopeak.
f Not determined.

Cr
57
0.47

Rise to Long

Co
088

Hf
2.6
048

the estimated sensitivity limits for
copper, manganese, and gallium in
high-purity aluminum are 0.5, 0.05, and
0.3 p.p:m., respectively.

CONCLUSIONS

The results of our analyses of high­
purity aluminum demQ..nstrate the power
of lithium-drifted germanium gamma­
rl'y detectors as a tool in activation
analysis. Their high resolution relative
t9 that of NaI(TI) scintillators is
particularly significant for nonde­
structive analysis. Because .the need
for extensive chemical separations is
reduced when analysis of many elements
in the same sample is required, the use
of the nondestructive techniques can
be extended to a greater variety of
systems. In those systems presently
studied by nondestructive analyses, the
~igh resolution may improve signifi­
cantly the detection sensitivity and may
also permit the determination of more
elements. The ease with which gamma­
ray energies can be measured precisely
and the enhanced ability to observe
weak spectral lines facilitates the
qualitative identification of radio­
active isotopes, as shown here in the
cases of Fe" and HflSl • The tedious
procedure of decomposition and analysis
of c'omplex photopeaks, common to the
scintillation technique, is generally
unnecessary with the use of germanium
detectors.

Although the experiments reported
here were performed on a matrix that
does not of itself produce interfering
long-lived activities, the arguments
presented here should be valid in most

Sc
0.58
0.17

Fe
5300

Sample
wt., gram

01216
1.029

<;oncentrations of Impurity Elements in Aluminum Giving
LiY",d Activities

_____-C=on:;.c:ce:;.n=-=t=ra~~~~-~..!p:;..p=.m:;..'-----

Isotope
Ta K x-ray
Hf'81

E,
E, (exp) (literature)
(k.e.v.) (k.e.v.)

55.3 55.8
133.4 133. O'
345.3 345.8
481.2 482.0
143.0 145
192 5 192

1095 1100
1292 1290
319.0 319.8'

1117 1119
892 885-892

1172 1173
1333 1333

• All values have been taken from the
Nuelear Data Sheets (13) unless otherwise
noted.

, Reference 14.

Fe"

Table III. Gamma-Ray Energies and
Isotope Assignments

results of this study with those re­
ported in the literature (3, 11, 15)
would not be justified because of
possible differences in experimental cOn"
ditions in the various studies (sample
preparation, irradiation conditions, etc.).
This is particularly true in the case of
aluminum since the detectable limits of
Cu", MnM , and Ga72 are depelldent
upon the Na" activity induced by the
reaction AI27(n,a)Na". Since the
threshold energy for this reaction is 3.3
M.e.v., variations in the ratio of fast
neutrons (En> 3.3 M.e.v.) to thermal
neutrons in different reactors can
significantly alter the sensitivity limits
for these elements.

With the specific experimental condi­
tions utilized in the present experiments,

Sample
AI wire
999999% AI

Table IV.

interval per channel permitted the
precise determination of the photon
energies. These values are compared
with literature values in Table III.
Also apparent in the expanded spectra
were a number of weak lines whose pres­
ence aided in the qualitative identifica­
tion of several isotopes. Thus the 55.3­
k.e.v. line (Ta K x-ray) and 133.4­
k.e.v. line, as well as the prominent
lines at 345.3 and 481.2 k.e.v., were
readily assigned to the decay of Hfl81

from their energies and relative in­
tensities. Similarly, in the case of Fe",
the assignments of the 1095-k.e.v. and
1292-k.e.v. lines to the decay of this
isotope were confirmed by the observa­
tion of the weaker lines at 143.0 and
192.5 k.e.v. wi th the correct relative in­
tensities. In addition to the impurities
noted above, a weak line at 412 k.e.v.
was observed in the earlier spectra and
was assigned to the decay of Au l ".

The gamma-ray spectra of the 99.9999%
aluminum sample showed the presence
of erSI , Hf181, AU 198 , and SC 46• In
Table IV we give the concentrations of
the observed impurities calculated from
the data described above.

I t is interesting to note here a problem
associated with the early use of the
new Ge(Li) detectors that, from the
point of view of analysis, is somewhat
troublesome. Because of the high resolu­
tion one often observes gamma-ray
lines that have not been reported
previously because of their low inten­
sities or because they were not resolved
from other lines. In the experiment re­
ported here we have observed lines at
73.4, 311.8, and 1220 k.e.v. which at
present are unassigned.

Sensitivity Limits. It would nat­
urally be of interest to place on a
quanti tative basis the sensitIVity
limits for various impurity elements
in aluminum obtained by use of the
Ge(Li) detectors and compare these
with sensitivity limits obtained with
use of sodium iodide scintillators.
As yet no direct comparison has been
attempted. Comparison between the
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experimental situations. In some cases
it may still be necessary to perform
a primary separation from the bulk
material, but there should be no need
for individual separations of all ele­
ments of interest. The analyses of
minerals and rare earth element mix­
tures are particularly interesting in this
regard, and experiments are now in
progress to investigate these systems.
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Application of Anodic Dissolution Technique
to Automated Analysis of Metals
Determination of Phosphorus in Copper
SILVIO BARABAS and SYDNEY G. LEA

Noranda Research Centre, Pointe Claire, Quebec, Canada

l> A novel, rapid, and automated
method for phosphorus is described
which eliminates the need for weighing
the samples and carrying out the usua I
acid dissolution. It consists of anodic
dissolution of copper samples against
an inert cathode by applying a flxed
current for periods of time ranging
from 45 to 70 seconds. As the
current shuts off automatically, a
solenoid valve located at the bottom
of the electrolysis cell opens to release
the liquid which descends by gravity
into a sample cup placed on a rotating
sampler plate. From there the solution
moveS by the action of a pump, and
after being combined with the molyb­
dovanadate reagent, passes through
a flow cell inside the colorimeter.
The resulting signal is either recorded
on a strip-chart recorder or printed
directly on a tape as per cent phos­
phorus. The total time of analysis
from metallic sample to recorded
phosphorus signal is 3 minutes. The
new sample dissolution technique is ap­
plicable to the analysis of other metals
for other elements.

N UMEROUS automated procedures
based on color development and

redox titrations have been reported in
literature in recent years. The basic
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requirement of these automated tech­
niques is that the elements to be deter­
mined be present in solution. Ob­
viously, wherever the analysis of metals
is involved, the automation can not
start before the samples have been
weighed, dissolved, excess acid elim­
inated, and the solution brought to a
fixed volume. On occasions, the dis­
solution step alone may take longer than
all the rest of the procedure. It was
the purpose of this investigation to
develop a technique allowing the han­
dling of metallic samples from the
beginning to the end of the analysis in a
fully automated manner. The specific
need for such development arose in
connection with the analysis of phos­
phorus in copper.

In the copper industry, phosphorus is
added to the molten copper for its de­
oxidizing properties. However, phos­
phorus is highly volatile and its losses
are unpredictable. As a result, ap­
preciable quantities of cast deoxidized
copper have to be scrapped because the
phosphorus content is outside the
specifications. These copper losses
could be substantially reduced if the in­
formation relative to the phosphorus
content of the melt could be obtained
shortly before casting, in time to effect
the necessary corrections.

A rapid instrumental method for

phosphorus is available (3), based on the
sharp drop in conductivity proportional
to the phosphorus concentration. Un­
fortunately, this method is applicable
only where pure copper is used. The
generally accepted method of analysis
of phosphorus in deoxidized copper and
phosphorized bronzes is the ASTM
Method E 62-60 (1). It is based on the
formation of the yellow-colored molyb­
divanadophosphoric acid (MVP) when
molybdate solution is added to an
acidic solution containing orthophos­
phate and vanadate ions. This is a
proven method, unaffected by most
impurities. However, the analysis of
a single sample takes about half an
hour. We needed a method which
would give a phosphorus analysis within
less than 10 minutes after taking the
samples of molten copper.

Ferretti and Hoffman (2) reported an
automated procedure for phosphorus in
fertilizer materials after the sample dis­
solution in mixed nitric-hydrochloric
acid. In using a 9-minute time-delay
coil and two double-length mixing coils,
the total time of the automated portion
of the procedure, apart from the sample
dissolution, must have been very close
to 15 minutes. A similar automated
procedure for the determination of
phosphorus in iron- and steel-making
slags was described by Scholes and
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Figure 1. Schematic diagram of auto­
mated phosphorus analysis

Thulbourne (4). Apparently, the time
factor was not considered critical in
either paper since the time of sample
digestion and dissolution was substantia!.

In the present work, an entirely new
technique of bringing solid, metallic
samples into solution rapidly by anodic
dissolution is described. In accordance
with this technique, weighing of samples
is not required and the push-button dis­
solution takes no longer than 70 seconds.
The anodic dissolution is fully inte­
grated with the color development pro­
cedure which has been time-optimized
to be completed in 1 minute and 50
seconds. Thus the total time of anal­
ysis from metallic sample to recorded
phosphorus signal is 3 minutes.

EXPERIMENTAL

Apparatus. Technicon AutoAna-
Iyzer, laboratory model consisting of
a Sampler II module, a two-speed
proportioning pump, a heating bath
with adjustable thermo regulator, a
tubular flowcell colorimeter and a
Bristol Dynamaster 560 recorder.

Harrison Laboratories power supply
unit, Model 6266, providing a maximum
of 5 amperes, 36 volts.

Labindustries Repipet, lo-m!., for
fast dispensing of any desired volume
from 5 to 10 m!. of electrolyte solution.

Hoke solenoid valve, stainless steel,
Series 90, 2-way normally closed.

Electrolytic Cell. In applying a
current of 4 amperes to the electrodes
immersed about 1 inch deep into the
electrolyte solution, the heating of
the solution is appreciable. To avoid
boiling, the volume of the electrolyte
should be at -least 8 m!. In this case
a simple separatory funnel of suitable
dimensions will do for electrolysis
cell. When it is desirable to handle
smaller volumes for greater sensitivity
or even larger volumes for greater
accuracy, the cell should be provided
with a water-jacket.

Flow Diagram. The automated
system developed for the analysis of
phosphorus in copper is shown sche­
matically in Figure I. After the com-

pletion of the electrolysis, the con­
tents of the cell are emptied auto­
matically through the solenoid valve
into the sample cup. The sample solu­
tion and the vanadomolvbdic acid are
then drawn each through polyvinyl
tubes O.08-irrch i.d. at an approximate
rate of 2.5 m!. per minute. Air is
drawn through a polyvinyl tube of
0.045-inch i.d. The two solutions and
the air stream are combined into one
by means of a three-pronged glass
connector (G2) and mixed in a single­
length mixing coil of approximately 3
feet in total path. Finally, the solution
from which the air bubbles have been
removed in an F-shaped debubbler
enters a 15-mm. flow cell for absorption
measurement.

Reagents. Molybdovanadate Solu­
tion. Dissolve in a 600-m!. beaker
20 grams of ammonium heptamolyb­
date tetrahydrate, (NH,),Mo,O,,·4H,O,
in 300 m!. of hot water, and coo!. In
another 100o-m!. beaker dissolve I
gram of ammonium metavanadate,
NH,VO" in 200 m!. of hot water.
Cool and add 120 m!. of 70% perchloric
acid. After cooling, transfer the molyb­
date solution to the vanadate solution
while stirring and adjust to the mark
in a 200o-ml. volumetric flask.

Standard Phosphorus Solution, 25
p.p.m. of phosphorus. Dissolve 0.1146
gram of disodium phosphate, Na"HPO"
in about 200 m!. of water. Add 20 m!.
of nitric acid and dilute to I liter in a
volumetric flask.

Electrolyte Solution. Fifty grams
of ammonium persulfate, (NH,),S,O"
in 8 volume % nitric acid made up to
a liter with the same acid.

Calibration. Conventional Dissolu­
tion: Dissolve six 1.25-gram portions
of pure copper containing less than 2
p.p.m. phosphorus in 7.5 m!. nitric
acid. Boil to expel brown nitrogen
oxide fumes, then cool and transfer
each solution to a 5O-m!. volumetric
flask. Carry one solution through as a
blank and to the others add 2, 5, 10,
20, and 30 ml. of the standard phos­
phorus solution corresponding to 0.004,
0.01, 0.02, 0.04, and 0.06% phosphorus.
Adjust to the mark with distilled water.
Run portions of these solutions on the
AutoAnalyzer using 420 mIL filter'S.
For greater accuracy use carefully
analyzed samples for the preparation of
the calibration graph.

Anodic Dissolution: Select five ac­
curately analyzed samples in the form
of 0.25-inch rods covering the same
concentration range from 0.004 to
0.06% phosphorus. For the blank use
a rod of pure copper. Effect anodic
dissolution of each rod by placing it
into the electrolytic cell containing 5
m!. of electrolytic solution against a
graphite cathode. Apply 4 amperes
for a period of anywhere from 45 to
70 seconds and run the resulting solu­
tions on the AutoAnalyzer using 420
mIL filters.

Procedure. Carry out the analysis
in accordance with the previous sec­
tion on Calibration. Calibration
graphs for analysis by conventional
dissolution using synthetic standards
and actual samples, and anodic dis-

mAllODIC
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Figure 2. Calibration curves for can­
ventiona I and anodic dissolution

solution using actual samples are
shown in Figure 2.

Sequencing of Samples. To allow
the detection of very low phosphorus
signals coming immediately after very
high signals, the filling of intermediate
sample cups with wash water between
successive samples is recommended.
In setting the sampling rate at 60
samples per hour, 30 samples per
hour will actually be analyzed. If
70 seconds are allowed for anodic dis­
solution, the operator will have 50
seconds remaining in which to pull
out the used sample electrode from the
pressure clip and insert a new one.
The total capacity of the system could
easily be twice as much by eliminating
wash water cups and by either slightly
reducing the electrolysis time or by
operating with two electrolytic cells.
The indicated power supply unit is
more than adequate to provide current
to two cells simultaneously.

DISCUSSION

The experimental work covered in
this investigation centered around the
optimization of the MVP color develop­
ment, and the anodic dissolution. The
discussion concerning the factors af­
fecting the two items will be presented
to the same logical order.

Color Development. EFFECT OF
PERMANGANATE AND HYDROGEN PER­
OXIDE. In accordance with the ASTM
Method E 60-62, potassium per­
manganate is added to the hot sample
solution to oxidize any suboxides of
phosphorus to orthophosphate which
is the only form in which phosphorus
reacts with molybdovanadate to form
the yellow MVP complex. The excess
permanganate is then destroyed with
hydrogen peroxide which in its turn is
subsequently decomposed by boiling.
Since the MVP method, as used in the
analysis of phosphorus in copper, is
based on the method originally applied
to iron and steels containing varying
amounts of carbon, it was felt that the
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Table I. Effect of Time on MPV Color

Time color
Total time develop.,'

cycle, a seconds seconds Absorbance
418 378 0.261
375 335 0.260
277 256 0.260
122 78 0.261
90 45 0261
51 5 0.187

a Total time cycle is the time from
aspirating the sample solution to obtaining
the recorded signal.

b Time of color development is the time
elapsed after the sample solution combined
with the reagent leaves the three-pronged
glass connector and before it enters the
flow cell.

addition of permanganate and hydrogen
peroxide, mandatory in the analysis of
the latter materials, might be dispensed
with in the analysis of copper. To cor­
roborate this hypothesis, three portions
of a sample containing 0.029% phos­
phorus were run by the ASTM
method-i.e., adding KMnO, and H,O,;
by omitting KMnO, but adding H,O,;
and by omitting the additions of both
KMnO, and H20,. The absorbances
read were 0.32, 0.31, and 0.30, respec­
tively, indicating some but not signifi­
cant drop in sensitivity. As a result,
the additions of KMnO, and H,O, were
omitted in all subsequent tests.

EFFECT OF TEMPERATURE. To es­
tablish the effect of temperature on the
color development of the MVP complex
six portions of a sample solution assay­
ing 0.040% phosphorus were run on the
AutoAnalyzer with the thermostat set at
26°, 40°, 61°, 76°, 90°, and 100° C.,
respectively. The absorbances re­
corded at 420 m!' did not vary from the
mean by more than 0.01 corresponding
to 0.001% phosphorus, which is insig­
nificant. As a result all subsequent
tests were carried out at room tempera­
ture.

Other experimental conditions were as
follows: the MVP reagents were pre­
pared as per Reference (2); the sam­
pling rate was 40 samples per hour; the
sample solution, after being combined
with the color reagent was passed first
through two single-length mixing coils,
then through a 40-ft coil in the thermo­
stat. The total time for each sample
solution from aspiration from the sample
cup to recording the transmission peak
was 7 minutes.

EFFECT OF TIME. The effect of time
on the color development of the yellow
MVP complex was established by com­
paring the absorbances of portions of the
same sample solution passing through
coils of various lengths before entering
the colorimeter. The pertinent data are
shown in Table 1.

The data presented show clearly that
nothing is gained by extending the time
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of color development beyond 45 seconds.
This is the time required for the solution
to pass through a single-length mixing
coil.

EFFECT OF REAGENT CONCENTRA­
TION. A reagent solution containing 2
grams of ammonium vanadate, 40 grams
of ammonium molybdate, and 450 ml. of
perchloric acid per liter was prepared.
Stepwise dilutions from this solution
were made down to l/"nd of the original
concentration. No loss in signal was
experienced in the analysis of deoxidized
copper samples in using the reagent
solutions that were as low as one-six­
teenth of the original reagent concentra­
tion. Signal, however, was reduced by
about 17% for the solution that was
diluted by a factor of 32.

Subsequently, solutions were prepared
to contain 10 grams of ammonium
molybdate and 0.5 gram of ammonium
vanadate per liter.. The perchloric acid
concentration of these solutions was ad­
justed to be 1.2, 2.5,5.0, 7.5, 11.25, 15.0,
17.5, and 20.0 volume %. In trying
each of these reagents in a sequential'
manner with the same sample solution,
it was observed (Figure 3) that for the
two reagent solutions that were the low­
est in acid content, the recordings were
of a peculiar shape not amenable to easy
measurement. This behavior is due to
the surprising fact that the absorption of
the copper blank solutions comprising
the reagents turned out to be far less
that that of the reagents alone. The
best performance was realized with the
reagents containing 5.0 and 7.5 volume
% of perchloric acid. For solutions of
higher acid concentration, the signals
obtained decreased as the acid concen­
tration was increased.

Finally, reagent solutions were pre­
pared to contain 6.0 volume % of per­
chloric acid and increasing amounts of
the two chromogenic reagents. The
highest sensitivity resulted for the re­
gent solutions containing 0.5 and 1 gram
of ammonium vanadate and 10 and 20
grams of ammonium molybdate per
liter.

Anodic Dissolution. GENERAL
CONSIDERATIONS. Anodic dissolution
accompanied by cathodic deposition
is an old and well-established practice
in the electrolytic purification of
numerous metals. The novelty of
this application consists in effecting the
anodic dissolution of the sample
presented in the form of a rod or tube
without the undesirable deposition at
the cathode. To this end, a spectro­
graphic graphite rod was selected for
inert cathode. The hydrogen evolution
at this electrode replaced the undesirable
metal deposition.

However, for the purposes of a more
general application of the anodic dis­
solution technique to the analysis of
metals for a number of elements, the
absence of cathodic deposition of the
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Figure 3. Effect of perchloric acid on
absorbonce

main constituent is not a prerequisite.
For as long as the element to be deter­
mined does not deposit on the cathode or
deposits only partially in a reproducible
man!!er, one could safely use as cathode
a rod of the sample material.

Based on the Faraday's Law, the
amount of copper dissolved at the anode
can be calculated as follows:

Cu (dissolved) = 9:'~OO

where I is the current in amperes, t time
in seconds, and e the copper equivalent
of 31.79 grams.

In setting the maximum operating
current at 4 amperes, it can be easily
calculated that the dissolution of from
approximately 60 to approximately 90
mg. of copper needed for the phosphorus
analysis of deoxidized copper will take
from 45 to 70 seconds of electrolysis.

If the electrolysis is carried out for
longer periods of time, trace amounts of
dissolved copper will tend to deposit on
the graphite electrode. These trace
quantities of copper dissolve promptly in
the nitric acid electrolyte solution by
stirring it with the graphite rod after
completion of the electrolysis. By
slightly greasing the graphite electrode
with silicone stopcock grease, the deposi­
tion of copper at the cathode can be
either prevented altogether or at least
delayed.

EFFECT OF AMMONIUM PERSULFATE.
In the beginning of this work, anodic
dissolution was carried out in an 8
volume % nitric acid solution containing
no ammonium persulfate. The phos­
phorus signals obtained were some 20%
less than when the dissolution was car­
ried out as per the ASTM method.
Moreover, the reproducibility was not
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0002
0000
0.000
0.000
0.002
0.003
0.001
0.001
0.003
0.002
0.002
0.002
0.000
0.001

Difference

Table Ill. Comparative Results by
ASTM and Automated Methods Using

Anodic Dissolution
Phosphorus, %

ASTM Automated
0036 0038
0020 0018
0.036 0036
0.019 0019
0038 0038
0.037 0.035
0.037 0.034
0023 0.024
0.037 0036
0.042 0039
0.020 0.018
0.036 0.034
0.022 0.024
0.037 0.037
0.019 0.018
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samples and elimination of excess acid.
A comparison of the results from the
two methods is given in Table III.

The difference between the results by
the two methods is no larger than be­
tween the duplicate analyses by the
same method. A typical series of
recordings displaying the sequence of
high (0.07%) and low (0.005%) phos­
phorus values is shown in Figure 4.

Mean 0.0014
Std. dev. 0.0018

00011
0.0017

Figure 4. Typical
strip chart record­
ings of phosphorus
in copper

P,%
0.036
0.038
0.037
0.034
0033
0.036
0036

0.036

0.275
0.290
0.280
0.255
0.250
0.275
0.270

Absorbance

Table II. Precision of Automated Analysis Using Conventional and Anodic
Dissolution

Each sample contained 0.036% phosphorus
Conventional, 25 mg. Cu/ml. Anodic, 15.4 mg. Culm!.

Deviation Deviation
from mean Absorbance P, % from mean

0.000 0.205 0.036 0000
0.002 0.200 0.035 0.001
0.001 0.200 0035 0.001
0.002 0.195 0.034 0.002
0.003 0.203 0.036 0.000
0.000 0.200 0.035 0.001
0000 0.210 0037 0001

0210 0037 0.001
0.036 0.0009

0.0011
Mean
Std. dev.

copper containing 0.036% phosphorus
starting with conventional and anodic
dissolution. In the Case of conven­
tional dissolution 2.5-gram portions
were dissolved in nitric acid and
made up to lOO-m\. in a volumetric
flask. In the case of anodic dissolu­
tion,a copper rod of the same sample
was repeatedly electrolyzed at 4 amperes
for 70 seconds in 6 ml. of electrolyte
solution. The data obtained are shown
in Table II.

The superiority of the method in­
volving the anodic dissolution does not
lie so much in improved precision as in
the elimination of the skill from the
analysis. Any inexperienced technician
following the automated anodic dissolu­
tion technique will get from the very
first run re.sults as good as those ob­
tained by the most experienced techni­
cian following the ASTM method.
Anodic dissolution is a highly reproduci­
ble push-button technique. Conven­
tional dissolution requires full attention
of the operator in the dissolution of the

.. . ... ., g .. g
0 0 0 0 0

.079%

V .008%

.O:SS'4- .032 %- .03'''''-- .030"4- .oIB %-- .030""-- •022 %

-------- •614..!'.

.= .0'4'"---- 0031¥.----5
.016%

•0 Iov..

~
.035 "4

% TRANSNITTANCE

too satisfactory. In the area surround­
ing the anode, one could observe in the
course of the electrolysis some yellowish
substance forming and promptly disap­
pearing in the solution. This might
have heen phosphorus hydride of the
type (P,H). (5). In one instance elec­
trolysis was performed in a solution
containing the molybdovanadate solu­
tion as the electrolyte. The solution
became a deep blue, a clear indication
that strongly reducing conditions pre­
vailed in the course of the electrolysis.
Obviously, in the course of the anodic
dissolution in nitric acid electrolyte solu­
tion at least some lower valent phos­
phorus compound formed which did not
react with molybdovanadate to form the
MVP complex. Attempts made to
remedy this situation by adding some
potassium permanganate to the elec­
trolyte solution were not successful.
However, when. ammonium persuifate
was added no yellow substance could be
seen during the dissolution. The phos­
phorus signals obtained on the recorder
were larger than obtainable by thecon­
ventional dissolution of phosphorized
copper and equal to signals obtained
when pure standard phosphorus solution
was allowed to react with molybdovana­
date (Figure 2). This indicates a
complete recovery of phosphorus present
in copper as orthophosphate. The
slightly weaker signals obtained follow­
ing the conventional ASTM dissolution
technique are caused by the presence of
some residual nitrogen oxide which has
the effect of depressing the MVP color.

An.odic vs. Conventional Dissolu­
tion. Precision studies were carried
out by the automated phosphorus
procedure on a sample of deoxidized
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Solvent Extraction of Metal Ions with
TriAu 0 roacetyl acetone
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l> Copper, iron, and aluminum can be
quickly, cleanly, and effedively ex­
traded from aqueous media (acetate­
buffered) with chloroform which is
0.1 OM with respect to· trifluoroacetyl­
acetone. At an equilibrium pH of 4.5
to about 5.5, 99.0% copper, 99.7%
aluminum, and 99.9% iron can be
removed from aqueous media contain­
ing initially 0.5 mmole of the metal ion
lequa I phase volumes). Iron is also
extraded at lower pH values, but the
efficiency of the extradion is a func­
tion of pH and of equilibration time.
Manganese, nickel, zinc, and mag~

nesium are extraded with only poor
efficiency (1 to 3%) in the acetate­
buffered region, hence separations of
iron and other metals from bulk quanti­
ties of these metals are possible.
Iron, copper, and aluminum in a
National Bureau of Standards refer­
ence sample were extraded and
examined by gas liquid chroma­
tography to demonstrate pradical
applications of solvent extradion with
chloroform-trifluoroacetylacetone.

GAS LIQUID chromatographic elution
of trifluoroacetylacetone chelates

of Be(II) , AI(III) , In(III), Cr(Ill),
Fe(III), Cu(II), Rh(III), Zr(IV), and
Hf(IV) has been reported by Moshier,
Sievers, and others (17, 27). Certain
multicomponent mixtures were quickly
and efficiently resolved. The quantita­
tive aspects of the GLC analysis of
metal-trifluoroacetylacetone or metal­
hexafluoroacetylacetone chelates have
been studi"ed by Hill and Gesser (11),
by Ross and coworkers (20-22), and by
Schwarberg, Moshier, and Walsh (24).

These studies suggest that GLC
might be employed for the rapid analysis
of metals and metal mixtures. The
utility of the method would be greatly
enhanced if practical means could be
found for converting inorganic samples
into organic solutions of the metal
chelates. One approach is solvent
extraction of an aqueous solution of the
sample by an organic solution of the
f1uoroacetylacetone. Brandt and
Heveran have combined solvent extrac-
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tion and gas chromatography for the
determination of trace amounts of
chromium using acetylacetone (1).

Trifluoroacetylacetone has been
studied for the solvent extraction of
plutonium(IV) (3, 5), zirconium (4),
separation of zirconium from hafnium
(14, 23), separation of actinides from
fission products (31), actinium from
radium and decay products (9), nep­
tunium from plutonium, uranium, and
fission products (15), and protactinium
from uranium and thorium (29). The
distribution coefficient of scandium
trifluoroacetylacetone has been re­
ported recently (18).

This report presents the results of a
program to study the solvent extraction
properties and solution chemistry of
metal trifluoroacetylacetonates, the ob­
jective of which is to define conditions
favoring the rapid, quantitative extrac­
tion of metals or groups of metals.

The following conditions were
selected. Metal ions studied were those"
known to form trifluoroacetylacetonates
amenable to gas liquid chromatographic
elution and detection. Other metal
ions were also examined to demonstrate
separation by solvent extraction.
Chelating agent concentration was
initially O.looM. The pH was varied
by the addition of noncomplexing acids
or bases, although auxiliary complexing
agents were added when needed to
prevent hydroxide formation. Chloro­
form was employed as the principal
solvent because it had been successfully
used for GLC studies. Equilibration
time was 10 minutes. Influence of
equilibration time was studied when
necessary. All experiments were per­
formed at ambient temperature, and
equal volumes of organic and aqueous
phases were employed.

After equilibration, the concentration
of metal ion remaining in the aqueous
layer was determined by an appropriate
method for which the noninterference of
trifluoroacetylacetone was demon­
strated.

Data resulting from the above studies
were employed to plot per cent extrac­
tion V8. pH for various metal ions.
Reference to these graphs permits

selection of a pH range over which a
metal or groups of metals will be quanti­
tatively extracted by the trifluoro­
acetylacetone-chloroform system.

EXPERIMENTAL

Apparatus. Absorbance measure­
ments were made with Beckman
Model Band IR-4 spectrophotom­
eters. A Leeds and Northrup pH
indicator was used for pH measure­
ments, employing a Beckman 39183
combination electrode and a Leeds
and Northrup standard 1199 BA
plug. A Burrell wrist action shaker was
used for equilibration of aqueous and
organic phases.

Reagents. Commercial trifluoro­
acetylacetone (Columbia Organic
Chemicals) was distilled (2- X 45­
em. heated column, helices packed,
80° C.), and the fraction boiling be­
tween 105° and 106° C. was taken
(740 mm.). The infrared spectrum
of distilled material was transparent
at 1800 em. -1; ni,' = 1.3864. This
material has \lOW been stored for 8
months at -ZOo C. and has retained
its clarity and water-white appearance.

Trifluoroacetylacetone from some
suppliers contains an acidic impurity
absorbing at 1800 em. -1 which cannot
be removed by a simple distillation.

A chloroform solution of the reagent
(0. 100M) was prepared in a manner
which tended to minimize errors due to
the high volatility of trifluoroacetyl­
acetone. A clean, dry, 50-ml. Erlen­
meyer flask fitted with a T 16 stopper
was weighed. Twelve milliliters of tri­
f1uoroacetylacetone were added (gradu­
ate), and the flask and stopper were
placed on the balance pan. Additional
trifluoroacetylacetone was added drop­
wise until the flask and contents weighed
15.41 grams more than the tare weight.
The flask was quickly closed, and a final
weight was obttiined. The flask was
then filled with chloroform, and the
mixture was transferred with copious
chloroform washings into a I-liter
volumetric flask half-filled with chloro­
form. Contents were diluted to the
mark and mixed well. Chloroform
used for this solution was distilled
from phosphorus pentoxide to remove
ethanol.

The chloroform-trifluoroacetylace-
tone was stored in a vessel that had been
sprayed with flat black enamel and



Figure 1. Effect of pH on extractability of copper, iron, and aluminum with
chloroform-trifluoroacetylacetone
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10 -0.5 2.9
10 o 17 2.4
10 1.16 2.0
10 2.09 2.0
10 3.25 2.2
10 6.29 1.4
10 6.68 0.9
10 7.78 0.2
10 12.79 0.0
1 3.25 6.8
5 325 2.3

10 3.25 1.9
20 3.25 1.8

Table I. Distribution of Trifluoro­
acetylacetone between Chloroform and

Water (D,lw)

bration, the mixture was allowed to
stand for 1 minute to permit the phases
to separate. The pH of the aqueous
phase was measured and an infrared
spectrum of the chloroform layer was
obtained using the fixed thickness cell.

Data are summarized in Table I and
indicate that the trifluoroacetylacetone­
chloroform system should be useful for
extractions over a wide pH range.

Distribution data also pennit an
approximation of log P" the 'organic!
aqueous partition constant (26), and
pK., the acid ionization constant.
The pK. value, 6.6, compares some­
what favorably with a literature value
of 6.3 (19).
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RESULTS AND DISCUSSION

Distribution of Trifluoroacetylace­
tone between Chloroform and Water.
Factors which favor a high distribu­
tion constant of metal in favor of the
organic phase include a fairly high acid
dissociation constant of the chelating
agent and a relatively high solubility of
the chelating agent in the aqueous
phase. It is important, therefore, to
study the distribution of chelating
agent between the organic phase and
water as a function of pH.

An infrared spectrum of the chloro­
form-trifluoroacetylacetone solution
was obtained using a 0.162-mm. cell.
A comparision of this spectrum with
that of chloroform indicated the pres­
ence of a strong absorption at 9.02
microns, which would be useful for
measuring the amount of trifluoro­
acetylacetone remaining in chloroform
after equilibration with water. The base
line absorbance method was used for
all measurements by subtracting. ab­
sorbance at 9.20 microns from values
at 9.02 microns.

Solutions of 0.100, 0.060, O.OlOM
yielded net absorbances of 0.628, 0.373,
and 0.065. Beer's law is obeyed to
within I or 2%.

The distribution of trifluoroacetyl­
acetone between chloroform and water
was determined by equilibrating chloro­
fonn-trifluoroacetylacetone and an
equal volume of water containing
various amounts of perchloric acid or
potassium hydroxide. After equili-

which was fitted with a 10/30 T joint
with side arm and stopcock. The
latter assembly permitted the filling of a
pipet via nitrogen pressure, thereby
minimizing introduction of air every
time the vessel was opened.

Approximately 0.05M solutions of
copper, iron, aluminum, zinc, nickel,
manganese, and chromium were pre­
pared from reagent grade salts or high
purity metals. The iron solution was
prepared from iron nitrate, 9-hydrate;
perchloric acid (25meq.!liter) was added
to prevent hydrolysis. Solutions were
standardized by titration with (ethyl­
enedinitrilo)tetraacetate, EDTA.

Extraction Procedure. Generally,
the following procedure was em­
ployed. To a 125-ml. separatory
funnel with Teflon (DuPont) stopcock
were added 10.00 ml. of 0.05M metal
ion, varying amounts of 2.5 or 0.25N
perchloric acid, O.ION sodium hy­
droxide, or 1M sodium acetate, and
sufficient water from a buret so that
the total volume of the aqueous phase
was 25.00 ml. An equal volume of
chloroform-trifluoroacetylacetone was
then added. The mixture was shaken
for 10 minutes, using the Burrell shaker
set at position 9 (about 300 vibrations
per minute).

After equilibration, the mixture was
allowed to stand for a few minutes to
pennit the phases to separate. The
equilibrium pH of the aqueous phase
was measured, and the amount of metal
ion remaining in the aqueous phase was
detennined titrimetrically or spectro­
photometrically.

Analysis Methods. For all meth­
ods it was necessary to prove the non­
interference of up to 0.75 mmole of
free trifluoroacetylacetone which
could be present in the aqueous
phase after equilibration'. The possi­
bility of this interference was studied
by adding an aliquot of a standard
solution of the metal ion to water which
had been equilibrated with chlorofonn­
trifluoroacetylacetone. The pH was
then adjusted, and EDTA titrations
were completed or spectrophotometric
measurements were made after addition
of color-fonning reagents.

EDTA titrations of manganese and
magnesium with Eriochrome Black T
indicator (12, 25),of nickel with copper­
PAN indicator (8), of zinc with xylenol
orange indicator (13), of aluminum with
Alizarin Red S as indicator and thorIUm
(IV) as back-titrant (7), and of copper
with PAN indicator (2) were employed.
Also for copper, a few points in the pH
region of highly efficient extractions
were checked using the sensitive zinc
dibenzyldithiocarbamate method (16).

Bathophenanthroline (6) and ortho­
phenanthroline (28) were used to deter­
mine iron remaining in the aqueous
phase after extractions of high efficiency
and moderate efficiency, respectively.
For extractions of poor efficiency, the
absorbance of the chloroform phase was
measured at 438 m!'. This absorbance
is caused by the intrinsic color of iron
(III) trifluoroacetylacetonate in chloro­
form (, = 3500). A slightly more
intense, but sharper, peak exists at
368m!'.
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Figure 2. Influence of equilibration time and pH on extractability of iron with
chloroform-trifluoroacetylocetone

to 9.5 in the presence of 3 to 15 mmoles
of ammonia/ammonium ion. In the
absence of ammonia, efficiency was
88% at pH 11.

Because copper forms a highly stable
aqueous chelate with EDTA (log K =
18.8), it was felt that EDTA would
prevent the formation of copper tri­
fluoroacetylacetonate and therefore pre­
vent the extraction of copper by tri­
tluoroacetylacetone. Two experiments
were performed at equilibrium pH
values of 4.6 and 5.2 where sufficient
EDTA was added to react with the
copper present and to provide a 0.005
mmole excess. No extraction of copper
was observed as evidenced by the lack
of color in the organic phase after
equilibration. Excess EDTA in the
aqueous layer after equilibration was
back-titrated with copper to the PAN
end point. These titrations verified the
visual observations and permit the
claim that no titratable copper was
extracted. In a final experiment, a
chloroform solution of copper tri­
f1uoroacetylacetonate was shaken with
an aqueous, acetate-buffered solution of

The value of log P, from these data,
0.30, agrees with the figure 0.289
recently reported (30).

The distribution of tritluoroacetylace­
tone between chloroform and water
was also studied as a function of
equilibration time. Results presented
in Table I show that for all practical
purposes equilibrium was reached after
5 minutes and that there was only a
small decrease in tritluoroacetylacetone
concentration (in chloroform) upon
further equilibration up to 20 minutes.

The stability of the chloroform-tri­
tluoroacetylacetone solution appears to
be good. There was no significant
change in the magnitude of the absorb­
ance at 9.02 microns after 1 month,
although there was a slight increase in
background absorption at 9.20 microns.

COPPER. From pH 4 to 8, copper is
rapidly and effectively removed (99%)
from aqueous medium in a single
extraction (Figure I). No significant
difference in extractability was ob­
served after 1, 10, and 30 minutes of
shaking (pH 5).

The extraction occurs even though
copper is initially present as a hydroxide
precipitate. The aqueous phase under
these conditions, however, tended to be
cloudy immediately after equilibration.
No cloudiness was observed when
equilibrium pH values were 5 or below.

Because the ultimate objective of this
program is to develop practical proce­
dures for the extraction of metal ions,
a study of the intluence of weak auxiliary
complexing agents to provide clean
solutions prior to equilibration was
indicated. Acetate ion was selected
because it not only forms weak com­
plexes with copper, iron, aluminum,
etc., but buffers in the region where
copper is extracted with the highest
efficiency. Several experiments were
performed where the extractability of
copper was studied in the presence of
varying amounts of sodium acetate
and/or acetic acid. The data revealed
that the extraction of copper was not
intluenced even by the presence of a
total acetate concentration of 30
mmoles.

These data are of key importance for
they now provide a simple means for
overcoming a potentially serious
hindrance to the practical use of tri­
tluoroacetylacetone as an extraction
reagent. The intrinsic acidity of tri­
tluoroacetylacetone can now be com­
pensated for by the addition of suf­
ficient acetate so that equilibration will
result in the desired pH. Thus,
hydroxide formation can be avoided by
employing this weakly basic substance.

Use of ammonium hydroxide to
achieve still higher equilibrium pH
values, coupled with clear solutions prior
to extractions, did not result in ef­
fective extractions. Efficiency dropped
sharply froIrl 95 to 45% from pH 9
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EDTA. The color in the organic layer
was discharged quickly and the aqueous
layer assumed the pale blue color char­
acteristic of copper-EDTA. This power­
ful chelating agent is therefore not only
capable of preventing the extraction of
copper, but will remove extracted
copper from the organic phase. These
observations permit the derivation of
schemes for selective extraction or
selective back-washing.

IRON. Preliminary experiments on
the extraction of iron (0.OOB1) indi­
cated the efficiency of the extraction to
be markedly influenced by pH and by
equilibration time. A plot of the
logarithm of the total concentration of
all iron species (remaining in the
aqueous phase) as a function of equilibra­
tion time is shown for four pH values
in Figure 2. Notice that at an equilib­
rium pH value of 2.30, iron is extracted
nearly quantitatively in only 5 min­
utes, whereas at pH 1.60 quantita­
tive extraction would require about
20 minutes. Estimated time for quanti­
tative extraction at pH 1.18 is no
minutes, while at pH 0, quantitative



pH

Figure 3. Effect of pH on extractability of magnesium, magnanese, nickel, and
zinc with chloroform-triAuoroacetylocetone

acetic acid and 1M sodium acetate.
Equilibration time was 10 minutes.
The use of acetate resulted in these
improvements: clean separations, im­
proved efficiency, and decreased
equilibration time. The useful range
was also demonstrated by excellent
extractions of 0.5 mmole of aluminum.

Results are presented in Figure 1.
Notice that the sharp rise in extract­
ability as a function of pH in the region
of pH 3 is typical behavior for a triva­
lent metal ion. There is virtually no
extraction at pH 2.1, and nearly quanti­
tative extraction at pH 5 to at least 7

Extraction of aluminum at pH 2.1 did
not occur even after equilibration time
of 1 hour. One may conclude from
previous studies, then, that the separa­
tion of iron from aluminum will readily
and easily occur at this pH, provided a
10-minute equilibration time is estab­
lished. At pH 5 to 7, both copper and
aluminum will be extracted together.
Data above pH 7.2 were not obtained.

ZINc. The extremely poor efficiency
of the zinc extraction is immediately
apparent from Figure 3. Notice that no
detectable extraction occurred at pH
2.9 or below and that less than I% of
the zinc was extracted at pH 4.1.
Efficiency was somewhat higher from
pH 5 to 9, but never exceeded 10.5%.

The extraction of zinc was ac­
companied by a cloudy aqueous layer
when the equilibrium pH was about 7.
This layer cleared, however, upon
standing or when purged with nitrogen,
so the turbidity was not caused by a
zinc-containing precipitate.

To evaluate the influence of equilibra­
tion time, a single experiment was per­
formed (equilibrium pH, 6.3). Ef­
ficiency was 5.95%, and, consequently,
little improvement resulted at longer
equilibration times (I hour).

An examination of prior extraction
data will show that a highly efficient
separation of iron from zinc will occur
at pH 2.3. No significant amount of
zinc is extracted at this pH while more
than 99% of the iron is extracted in 5
minutes. Aluminum and/or copper
can also be separated from zinc by

employing an equilibrium pH of 4.0.
More than 98% of aluminum or copper
would be removed from 99% of the zinc
present.

Efficiency of the extraction of zinc
might be enhanced by the use of an
adduct-forming agent such as isobutyl­
amine. Experiments to determine this
are planned.

MANGANESE. Less than 3% man­
ganese is extracted in the acetate-buf­
fered region. In some cases, the
aqueous layer was light green after
equilibration. Because the presence of
manganese(IIl) by air oxidation was
expected, hydroxylamine hydrochloride
was added prior to addition of the
reagent. The light green color was still
present after equilibration; apparently
it is caused by manganese(Il) trifluoro­
acetylacetonate. No precipitate was
observed. Clean separations of iron
(III), copper, and aluminum from
manganese(II) should occur from pH
4 to 6, although some manganese will be
co-extracted.

In marked contrast to the clean
separations reported above, experi­
ments in ammonia-buffered media re­
sulted in the formation of precipitates
or dark yellow solutions and/or emul­
sions. When no reducing agent was
present, a brown precipitate formed
which was not completely removed by
the addition of hydroxylamine hydro­
chloride. Analysis by titration
indicated that approximately 50% of
the manganese was still dissolved in
the aqueous layer. Prior addition of
hydroxylamine hydrochloride prevented
precipitation formation, but after equili­
bration, both layers were yellow. At
higher ammonia concentrations (pH
10), a yellow emulsion formed which
could not be avoided by prior addition
of hydroxylamine hydrochloride. Quan­
titative results are shown in Figure 3.

Efficient extraction of manganese(II)
might be possible if another solvent or
mixed solvent system were employed,
or if manganese(II) were extracted in
the absence of oxygen.

N,CKEL. A nominal amount of
nickel (~I%) was extracted at pH 2 to

extraction, if thermodynamically pos­
sible, would be prohibitively time-con­
suming.

Because a plot of 10g[Fe] V8. time
yields a straight line, one concludes
that a pseudo first-order reaction is oc­
curring. The rate of this reaction is dra­
matically pH dependent. The pseudo
rate constant was calculated to be 0.065
min. -1 at pH 1.18 and 0.31 min. -1 at
pH .1.60. Strict attention must there­
fore be paid to pH values and equilibra­
tion time when attempting to extract
iron with chloroform-trifluoroacetyl­
acetone.

In contrast with copper, iron was not
cleanly extracted when initially pres­
ent as a hydroxide. However, when
sodium acetate solution was added
after prior equilibration of an acid iron
solution and chloroform-trifluoroacetyl­
acetone, rapid, clean, efficient ex­
traction of iron resulted. Up to 0.5
mmole of iron could be extracted with
99,9% efficiency, pH 4.5 to 6.1.

The chloroform solution of iron tri­
fluoroacetylacetonate was evaporated,
and an infrared spectrum was obtained.
The spectrum was identical to one ob­
tained on iron trifluoroacetylacetonate
prepared in the absence of acetate,
thereby demonstrating that a mixed
acetate-trifluoroacetylacctone chelate is
not the extracted species in the above
studies.

EDTA not only prevented the im­
mediate extraction of iron with chIoro­
form-trifluoroacetylacetone but also
failed to remove the iron from chloro­
form once it was extracted. Advantage
can be taken of this unusual phenom­
enon to achieve a separation of iron
from copper. Extract both in the
usual manner, discard the aqueous layer,
then backwash the organic layer with
aqueous EDTA. Copper is almost
instantly removed while iron remains in
the chloroform.

As previously indicated, the color of
iron trifluoroacetylacetonate in chloro­
form is useful for the spectrophotometric
determination of iron(IlI). The sug­
gested method is rapid, moderately
sensitive, and can be made highly
selective via removal of colored inter­
ferences by backwashing with EDTA
and by pH control.

ALUMINUM. In the absence of
auxiliary complexing agents, 0.05 mmole
of aluminum was extracted (98%) from
pH 5 to 7, but an equilibration time of I
hour was necessary because of a slow
reaction of aluminum hydroxide with
trifluoroacetylacetone. These extrac­
tions were accompanied by a trace of
aluminum hydroxide which prevented
the extractions from being as clean as
possible.

To expand the scope of the method,
these additional experiments were per­
formed using 0.5 mmole of aluminum.
The pH was varied by employing 2M
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4.7 from unbuffered media (Figure 3).
Actual presence of nickel trifluoro­
acetylacetonate in the chloroform layer
was verified (pH 4.9) by isolation of a
residue and examination by infrared
spectrophotometry. At higher pH
values (6.6), a precipitate formed which
did not disappear with long equilibra­
tion times. This precipitate was also
isolated and examined by infrared
spectrophotometry. A characteristic
pattern of a divalent metal-~rifluoro­

acetylacetone chelate was obtained.
Nickel trifluoroacetylacetonate could

not be eluted by gas liquid chromatog­
raphy, so co-extraction of some nickel
with iron, copper, etc., at pH 5 will not
influence the gas liquid chromatographic
analyses of those metals.

MAGNESIUM. In a preliminary
experiment, clear aqueous and
organic layers resulted when 0.5 mmole
of magnesium was studied (pH 6.5).
A trace of white precipitate was visible
at the interface. Titration indicates

AI
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that about 3% of the magnesium had
been removed.

The experiment was repeated with
more base being added after initial
equilibration of aqueous layer and the
reagent. After 10 minutes, the aqueous
layer (pH 6.8) was cloudy, and the
organic layer contained traces of a
white precipitate which adhered to the
walls of the vessel. The chloroform
layer was filtered and allowed to
evaporate. A trace (0.0003 gram) of
residue resulted which, nevertheless,
was sufficient for an infrared analysis.
A weak spectrum resulted which was
consistent with the general pattern of a
divalent metal-trifluoroacetylacetone
chelate. The aqueous layer was also
filtered, and titration of the filtrate
indicated that about 55% of the
magnesium had been precipitated.

When ammonia buffer was employed
(pH 9.4), a fine suspension resulted.
Titration of the filtered aqueous layer
showed that 69% of the magnesium had
been removed by both precipitation and
extraction. Elemental analysis of the
dried precipitate was consistent with
the formula Mg(C,H,F,O,),-H,O.
Efficiency-pH data are presented in
Figure 3.

For practical applications, the
important result of this quick survey is
that only a small percentage of
magnesium will be extracted in the
analytically useful pH range. That
which is extracted is not eluted from a
gas chromatograph under the conditions
studied.

CHROMIUM. Because the conditions
for the gas liquid chromatographic
elution of chromium(III) trifluoro­
acetylacetonate are well established,
the development of a scheme for the
solvent extraction of chromium tri­
fluoroacetylacetonate would be highly

desired. Difficulties were expected,
however, because of the unique solution
chemistry of chromium(III).

The slow reaction of chromium(III)
with chelating agents such as EDTA
and acetylacetone, etc., is well known.
Frequently, quantitative reaction occurs
in boiling aqueous media if an excess of
reagent is present. This approach,
however, would be somewhat unwieldly
for extraction purposes. Another route
to the formation of chelates that has
been successful is to reduce chromium
(VI) in the presence of the reagent. By
this means, formation of inert chromium
polynuclear hydroxy complexes is
avoided.

Because practical applications of
extractions would most conveniently be
applied on solutions of chromium(III),
experiments were performed on a 0.05M
solution prepared from chromium chlo­
ride 6-hydrate, to assess its behavior.
At pH 2.4, no apparent extraction
occurred, but at pH 6.1, the chloroform
layer had assumed a green color of con­
siderable intensity after an overnight
equilibration. The aqueous layer was
clear, although there was a trace of
precipitate present. A similar experi­
ment at pH 6.8 yielded more precipitate
than at pH 6.1, but at pH 12.2 no color
appeared in the organic layer nor was
there a precipitate in the aqueous layer.

This initial survey suggested that
additional experiments in the region pH
6.1 or below were desirable. At pH
5.8, the mixture was shaken for 4.5 hours
while the aqueous and organic layers
were periodically observed. After 1
hour, the aqueous layer was light
green. The organic layer was also
green with traces of an emulsion. After
2 hours, the organic layer was darker,
but a scum was present on the sides of
the vessel. After 3 hours, the aqueous
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Figure 4. Gas liquid chromatogram of chloroform-trifluoroacetylacetone extract of NBS 162a
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Equilibrium pH, 2.1

141210

Cu

the extraction was repeated at a higher
equilibrium acidity (pH 2.1). A lo-m!.
aliquot of the chloroform layer was con­
centrated to 1 m!., and a 9-1'!. sample of
the concentrate was examined by gas
liquid chromatography (Figure 5). As
expected, no evidence for the presence
of aluminum was obtained. The
amount of copper was greatly but not
completely reduced. At pH 2.1,
about 13% of the copper was ex­
tracted (Figure 1). This scheme
nevertheless should provide an excellent
means for the gas liquid chromato­
graphic analysis of iron after solvent
extraction separation from aluminum,
most of the copper, nickel, and other
metals.
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Figure 5. Gas liquid chromatogram of chloroform-trifluoroacetylacetone extract
of NBS 1620

over is that expected for 1% extraction
of nickel at this pH, in keeping with the.
survey data.

The extraction was repeated, and an
aliquot of the organic layer was con­
centrated from 10 m!. to 2 m!. for GLC
examination (polyethylene wax column,
2ft. X 4-mm. Ld., 0.5% polyethylene
wax on glass beads, with a thermal
conductivity detector, column tempera­
ture, 92° C.). The resulting chromato­
gram (Figure 4) shows excellent resolu­
tion of aluminum and iron peaks. The
relative areas of the iron and aluminum
peaks were consistent with the known
concentration of these metals in the
alloy, and retention times matched
those previously determined for
aluminum, iron, and copper trifluoro­
acetylacetonates.

Figure 4 indicates that there was such
a high concentration of copper that the
column was overloaded.

To provide a solution free from
aluminum and the bulk of the copper,

layer was clear, but slightly green, while
the organic layer was dark green. The
precipitate was still present after 4.5
hours.

Mixtures of butyl alcohol and chloro­
form did not result in clean separations
after 3 hours (pH 5.5 and 6.2), nor did
mixtures with ether and carbon tetra­
chloride.

Although conditions for the clean,
rapid separation of chromium(III) were
not derived, the above experiments
permit two important conclusions. No
extraction occurs at pH 2.2. Iron,
aluminum, and copper can be separated
from chromium at pH 5 to 6 in 10
minutes, although some chromium
might be extracted.

Additional work is definitely war­
ranted, for the possibilities have by no
means been exhausted. Reduction of
chromium(VI) under more acidic con­
ditions followed by the addition of
acetate is suggested. Formation of
chromium trifluoroacetylacetonate via
chromium(II) may also be fruitful (10).

PRACTICAL APPLICATIONS, SEPARATION OF
METALS IN NATIONAL BUREAU OF STANDARD

SAMPLES

Data on the solvent extraction
behavior of a sufficient number of
metals permitted a firm test of the
methods by an examination of a
standard material.

A sample of nickel-copper alloy,
NBS 162a (2.5097 grams) was treated
with 6-m!. nitric acid-I8-m!. hydro­
chloric acid mixture in the cold for 30
minutes and was then heated. The
solution was filtered (to remove silica)
and diluted to 250 m!. (pH 1.3). The
standard contains 63.95% nickel,
30.61% copper, 2.19% iron, 1.60%
manganese, 0.93% silicon, 0.50%
aluminum, 0.076% cobalt, 0.042%
chromium, and 0.005% titanium. A
lo-m!. aliquot of the above solution
should contain 30.73 mg.. of copper,
2.20 mg. of iron, 0.50 mg. of alumiilUm,
64.2 mg. of nickel, 1.61 mg. of man­
ganese, and traces of chromium, cobalt,
and titanium.

A turbid emulsion was observed after
equilibration· when sodium acetate was
added before the solvent-reagent mix­
ture (pH 4.5, 4.9, 5.4). When the order
of addition was reversed, however,
clean separations resulted (pH 4.5)
via this scheme: 10 m!. of the alloy
solution were treated with 20 m!. of
water and 25 m!. of chloroform-tri­
fluoroacetylacetone. After it was
shaken for 10 minutes, 5 m!. of sodium
acetate (1M) were added. After an
additional 10 minutes of shaking, the
organic layer was isolated and
evaporated. The residue contained
(by emission analysis) > 1% copper,
0.5% aluminum, 1.0% iron, 0.6%
sodium, 0.3% nickel, 0.007% man­
ganese. The amount of nickel carried
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Variable Angle ReAection Attachment for the
Ultraviolet, Visible, and Infrared

WILFORD N. HANSEN

North American Aviation Science Center, Thousahd Oaks, Calif. 91360

~ A variable angle reflection attach­
ment which operates in the ultraviolet,
visible, and infrared regions has been
developed for spectrometers. The de­
sign is simple, especially as an internal
reflection unit, in which case it com­
prises a right angled mirror and a
right angled prism. The sample is
placed in contact with one short
face of the prism at which various
angles of incidence are obtained by
rotating the mirror. The attachment
is useful to obtain attenuated total
reflection spectra, to obtain indices
of refraction directly by a single
reflectivity measurement at less than
critical angle or by determining the,
critical angle itself, or to obtain
reflectivity data at two polarizations
or two angles from which both optical
constants can be calculated.

lrNTERNAL REFLECTION SPECTROMETRY

Jl.. has a number of unique advantages,
and the methodology and apparatus
exploiting these advantages have
developed over the past few years
(3,4).

A simple reflection attachment is
described here which can be used to
cOl)vert almost any ultraviolet, visible,
or infrared absorption spectrometer into
an internal reflection spectronie~er:

This device can be used as an ATR
unit to obtain transmission-like spectra.
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Figure 1. Arrangement of prism and
mirror of variable angle reflection unit
for a 45° angle of incidence at
sample

Indices of refraction of substances
which are not too absorbing can
be obtained as a function of wave­
length by measurements of reflectivity
at angles less than the critical angle or
by the critical angle method itself at
any· wavelength. Both optical con­
stants-i.e., the refractive index and the
absorption c6efficient~can be cal­
culated by using the device to obtain
reflectivities at two angles or two
polarizations (1, 2). '

APPARATUS

General Description. The device
comprises a right angled prism and a
right angled mirror arranged as shown
in Figure 1. The mlttor is rotatable

about a line through its 90° apex, and
the prism can be translated in a
direction parallel to its long face.
A simple geometrical analysis shows
that the direction of a light ray is not
changed by having passed through the
device, regardless of the original direc­
tion of the ray. There will in general
be a parallel displacement, but this is
readily eliminated by sliding the prism
as indicated. Thus, any angle of in­
cidence, 0, on the sample face can be
obtained at will, within certain limits.
(The angles obtainable are limited only
by the net "window width" of the unit­
i.e., as 0 approaches normal or grazing,
the width of beam that can be accom­
modated approaches zero).

Figure 2 shows tbe relative prism,
mirror, and beam positions for 0 = 70°.
Note that at other than 0 = 45° for
an isosceles prism, there will be re­
fraction. Despite the value of 0 and
the refraction, the beam direction is
still the same after leaving the device
as it was before entering it. To see
this it is helpful to note that the beam
entering the prism face is parallel to
the beam leaving the prism face, both
inside the prism and outside the prism.
Also note that as the unit as a whole
is translated perpendicular to the light
beam (see Figure 3) the direction of the
beam is unchanged. The distance
traveled by the beam in air and the
distance traveled in the prism are also
unchanged. In fact the distance trav­
eled in air by any ray is exactly the
same as if the unit were not there.

For prisms with low indices it is



Here the angle of incidence is flxed at 50°

Figure 3. Schematic illustrates how point of reflection
scans across sample as the unit as a whole is moved
perpendicular to the incoming light beam

MOTION

geneous. (4) Since the path length of
any ray in air is the same with and
without the unit present there is ab­
solutely no appearance of atmospheric
absorption bands when the unit is used
in an unpurged double beam spectrom­
ter. (5) The fact that the unit as a
whole can be shifted back and forth
perpendicular to the beam without
changing any parameters per.mits the
sample surface to be scanned by the
beam. A constant reading with scan
indicates a uniform sample. Or the
sample may cover only part of the
sample face, and the other part be
bare or covered by a standard substance
like silver. By merely moving the unit
slightly a direct comparison can be
had between the sample reflectivity and
that of the standard, independent of
instrument drift, etc. Within obvious
angular limits, the standard can be
total reflection, the very best standard
available.

The unit can also serve as a con­
venient variable angle external reflection
unit. For this purpose the prism is
removed, a mirror takes the place of
one short prism face and a flat sample
alone replaces the prism-sample inter-

.. PRISM

The angular spread of the beam per­
pendicular to the plane of incidence
may be much larger than /j without
increasing the spread of illn, in O.
A geometrical analysis shows that a
perpendicular angular spread of n,[3
outside the prism gives a spread of [3
inside and a spread of 0 - sin-l(sin 0
cos (3) in O. For example, if e is ca.
450

, • a beam spread of 90 outside a
prism of index 3.0 would give a spread
in 0 of only 0.080

• For small 0 (near
normal incidence) this difference in the
effect on e of beam spread parallel and
perpendicular to the plane of incidence
will tend to disappear. At small 0,
however, reflectivity is in general in­
sensitive to angle, and 0 need not be so
well defined. The practical way, there­
fore, to collimate the beam further, if
needed, for reflectivity measurements
is simply to mask it to reduce the angu­
lar spread in the plane of incidence.
Well defined angles of incidence are
therefore easily realized. (3) Because
all working surfaces have their normals
in a common plane, the plane of inci­
dence, light polarized either parallel
or perpendicular to this plane will
remain so, provided the prism is homo-

Figure 2. Relative position of prism
and mirror for on angle of incidence at
the sample of 70 0

.

Refraction is shown for c prism of index 1.5

necessary to silver the short face not
contacting the sample to prevent loss
of light when the reflection is nontotal
at this face. For prisms with high
indices, like silicon and germanium, it
is advantageous to use a nonisosceles
shape in order to permit a wider range
in O.

Special Features. A reflection unit
of this simple design can be used in
virtually any spectrophotometer with
sample compartment large enough to
accommodate it. (Of course, if po­
larized light is to be used a polarizer
must also be provided.) From the
general description given above several
features can be seen: (1) Known
angles of incidence are easily obtained,
provided an appropriate angular scale
is fastened to the mirror. (2) The
beam collimation is usually n, times
as good as that of the original beam in
the plane of incidence, where n, is the
refractive index of the prism. This is
the best collimation that it is possible to
obtain in a practical way. More
specifically, consider a light beam of
rectangular cross section with its short
dimension in the plane of incidence
(the usual arrangement). An angular
spread of il in the plane of incidence
outside the prism will give rise to a
spread of illn, in the angle of incidence,
0, on the sample inside the prism.
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Figure 4. Bose lines (no sample present) for variable angle unit with KRS-5 prism at two different angles of incidence in a
Perkin-Elmer 421 spectrophotometer
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Figure 6. Absorption coefficient, ct, of eosin-Y solutions calc.
from reflectivity data

Figure 5. ATR spedra for aqueous eosin-Y solutions

Relative concentration of 1.0 corresponds to 50 grams/liter
ATR prism has nD = 1.787. (J = 55°

face: All of the above mentioned fea­
tures except (4) and the total reflection
part of (5) still obtain. If desired, fea­
ture (4) can be restored by enclosing the
space ordinarily occupied by the prism
(using an appropriate window instead
of the long face) and filling the space
with a nonabsorbing gas. This space
can be filled with a transparent liquid
and all of the above listed features of
the prism case will be restored. An ad­
vantage of the liquid prism is easy
optical contact with hard solids.

RESULTS AND DISCUSSION

Perfonnance as an ATR Unit.
One of the uses of the reflection unit
is to obtain transmission-like spectra
by means of ATR. We have used
the unit for this purpose in the ultra­
violet, visible, and infrared. Figure
4 shows the performance of the unit
in the infrared with no sample
present; a Perkin-Elmer 421 spectrom­
eter was used. The prism was KRS-5.
The mirrors were aluminum evaporated
onto the faces of a right angled prism.
The 100% trace (unit out) and traces
for the unit set at 0 = 45° and 0 = 60°
are shown. Note that because the
sample can be placed on either short
face of the prism, the 60° trace is !ilso a
30° trace. Several features are note­
worthy: (1) The efficiency--i.e., the
transmittance of the unit without
sample-is close to that theoretically
possible considering the reflection losses
at two KRS-5 surfaces plus losses at the
two aluminum mirrors. This is true
despite the fact that the Perkin-Elmer
421 has a short focal length and large
angular spread of the beam (small f
value), a fact which emphasizes any
effects of defocusing caused by the unit.
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Of course, some defocusing does occur.
The high efficiency throughout, how­
ever, proves that defocusing by the unit
is unimportant. (2) The efficiency of
the unit is maintained over a wide
choice of 8, traces for all angles between
ca. 270 and 63 0 lying between the two
shown. A wider angular range can be
used for KRS-5. However, for 8 < 25°
or 0 > 65° one short face of the prism
must be silvered. (3) Atmospheric
absorption causes no more noise than
with the unit out, even though the
instrument was unpurged. (4) The
traces at all angles are nearly as flat as
the regular 100% line of the instrument
permitting drift-free ATR spectra. The
slight increase in the break at 2000 cm.-1

for the 60° trace is due to the slight
polarization of the beam by the beam
entering and leaving the KRS-5 prism
at non-normal incidence.

The case cited above was chosen
because it was about the most un­
favorable encountered or expected. In
the UV-VIS-NIR range, using optical
glass prisms, the energy losses are
generally found to be less than the case
cited. Because of the lower prism index
there is less lost by reflection; however,
this is partly offset since the aluminum
mirrors are less efficient. Defocusing
contributes to the loss, but only the
divergent rays are lost in this fashion,
improving the net collimation of the
beam. With ordinary optical glass
prisms the easily obtainable range in
ois ca. 15° to 75°.

As examples of ATR spectra in the
visible region the results of measure­
ments on a series of aqueous eosin-Y
solutions of regularly varying concentra­
tion are presented. The observed ATR
spectra are shown in Figure 5. The

ordinate here is "reflection absorbance,"
defined as A = logw roll where I is the
intensity of light reflected from the
sample and 1° is the intensity reflected
when no sample is present (total re­
flection). This special absorbance is
read directly on the absorbance scale of
standard spectrometers if the scale is
adjusted such that the absorbance
given without the sample present (total
reflection) is zero. Unit relative con­
centration represents 50 grams per liter.
The prism index varied from 1.816 at 0.43
micron to 1.781 at 0.66 micron. The
angle of incidence was 55° with a total
spread of 0.5°. The polarization was
parallel to the plane of incidence. To the
extent that ATR spectra are transmis­
sion-like, they are a direct measure of the
variation of the absorption coefficient, a,
with wavelength. The spectra can be
compared directly with plots of a
shown later in Figure 6. When this
comparision is made it will be seen that
only at the lowest concentrations do the
relative heights of the two peaks com­
pare closely in the two figures. This
type of deviation of the ATR spectra
from the transmission spectra has been
called "distortion." It can readily be
understood by considering what is
happening to the index of refraction as
shown in Figure 7. Iii the 0.54-micron
region, especially, n., the real part of the
refractive index of the sample is in­
creasing appreciably, causing con­
siderable increase in the intensity of the
ATR spectrum in this region. The ATR
spectra are, however, similar to the
transmission spectra, especially at low
concentrations.

Direct Measurement of Refractive
Index. If 0 is chosen smaller than
the critical angle, the reflection mea­
surement gives a rather direct measure
of n.. Reflection spectra for the above
eosin-Y solutions but with 0 smaller
than critical, are given in Figure 8.
From these data, in regions where a is
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optical constants are plotted in Figures
6 and 7.

The reflection unit has also been used
to determine optical constants of metals,
for which the method proves to be
extremely uselul (1).
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Figure 8. ReAection sp'ectra at less than critical angle
for eosin-Y solutions

where P is a measure of the polarization.
The variables 8 and P are subject to
choice. It is possible to invert the re­
flectivity equations and solve for nand
a in terms of R, and R" reflectivities
measured at two different polarizations
or two different angles. The reflection
unit described above was designed to
permit convenient and accurate mea­
surement of R, and R, using a standard
automatic scanning spectrophotometer.

As an example of this usage of the
reflection device the optical constants
"" and a have been calculated as a
function of wavelength for eosin-Y
solutions from the reflectivity data
given in Figures 5 and 8. For these cal­
culations a computer program is used
which inverts the reflectivity equations
for parallel polarization at two dif­
ferent angles-i.e., solves for nand "
from A at two 8's. The resultant
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Figure 7. Real index of refroction, n2, of eosin-Y solutions
co led. from reAectivity data

not too large, n, can easily be calculated
(2). The equation is

1.3

1.5r-----------------,

"" [ (1 'F VR1.)2 J'"- = cos' 8 . I + sin'8
n, 1 ± vR1.

.42 .44.46 .48 .50 .. 52 .54 .56 .58 ,60 .62 .64 .66
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where R1. is the reflectivity measured at
less than ·critical angle. An analogous
equation will be found for parallel
polarization in reference (2). The
angle 8 should be enough less than the
critical angle so that it is out of the
region where reflectivity changes so
rapidly with 8 that error is introduced
by the uncertainty in 8. The similarity
between A and n, as a function of wave­
length can be seen by comparing Figures
7 and 8.

The reflection unit also makes it easy
to determine "" by the critical angle
method wherever a is not too large.
The 90° mirror is rotated until the
critical angle, 8" is reached as evi­
denced by a sudden shift in the indicated
energy. It will be recalled that n =
sin 8, where n = ""In,. This method is
convenient at any wavelength. When
no sample is present-i.e., when the
second phase is air-this method can be
used to determine the index of the prism
itself. Thus, it is not necessary to
know the dispersion curve of the prism
before measurements can be made.

As an example of the use of the above
methods, the index of water was meas­
ured. The results agreed with the zero
concentration (pure water) curve of
Figure 7.

Determination of Both Optical Con­
stants. From complex Fresnel for­
mulas for reflectivity at a plane bound­
ary, R is a function of n, a, 8, and P
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Radio Release Determination of Dichromate Ion In

Natural Waters

HAROLD G. RICHTER' and ARTHUR S. GILLESPIE, Jr.

The Research Triangle Institute, Durham, N. C.

l> A radio release procedure is pre­
sented for the measurement of di­
chromate ion concentrations in natura I
waters. On reacting the acidified
sample with radioactive silver metal,
silver ions are stoichiometrically pro­
duced in the sample. The resulting
count rate of the solution is directly
proportional to the original dichromate
concentration. The two commonly oc­
curring ions which interfere with the
reaction, Fe+' and CI- are easily
accommodated in the reaction system.
The limit of sensitivity of the procedure,
with the radio silver used for these
studies, is 10 }lg. of Cr{VI) per liter.

SODIUM DICHROMATE is used routinely
in France to measure the volume

flow rate of streams. The technique
is standard and straightforward: a
concentrated solution of sodium di­
chromate is injected into a stream at a
known rate. The waters are sampled
downstream where the dichromate con­
centration has reached a uniform con­
centration. Heretofore, the concentra­
tion of dichromate in the injected solu­
tion and in the collected samples has been
determined by colorimetry. Know­
ing these concentrations and the in­
jection rate of the dichromate solution,
the volume flow rate can be calculated.

The quantity of sodium dichromate
injected usually is 1-2 kg. of the salt
per each cubic meter per second esti­
mated flow rate for mountain rivers
tested in France, and for flow rates
below 50 cubic meters per second.
Dichromate concentrations are then of
the order of 1 mg. of the ion per liter
in the collected samples. This con­
centration is about the mm,mum
one can measure conveniently by pres­
ent colorimetric methods. The size or
flow rate of the stream which can be
measured by the colorimetric technique
is limited, however, by both the cost of
the dichromate and the logistic problems
of getting large quantities of sodium
dichromate to a difficultly accessible
injection point. A more sensitive
technique for measuring dichromate ion
concentrations in natural waters is
described here.

1 The Centre d'Etudes Nucleaires de
Grenoble (Isere) France. On leave from
the Research Triangle Institute.
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The method of measuring dichromate
concentrations in natural waters de­
scribed here makes use of the "radio
release" technique. In this technique,
nonradioactive ions (or elements) of
interest are caused to react with an
insoluble radioactive compound (J, 2).
The radioactive compound is chosen
such that its reaction with the ion of
interest releases a stoichiometric quan­
tity of the radioactive species into
solution. Measurement of the radio­
activity of the solution is then a mea­
sure of the concentration of the non­
radioactive ion of interest. The tech­
nique is useful for measuring very small
concentrations of ions by the radio­
active species.

The chemical reaction employed in
the work reported here is that between
dichromate ion and silver meta!. The
following equation describes the reaction
in acid solution.

Cr20,·2 + 6Ag + 14H+ ......
6Ag+ + 2Cr+3 + 7H,O

The radioactive isotope AgllOm (half
life = 253 days) which emits a mixture
of beta and gamma rays, is desirable for
this work. If solutions containing
dichromate ion are made acidic and then
reacted with metallic silver-110m, the
solution will contain silver-110m ions
in direct proportion to the original con­
centration of the dichromate ion.
Counting a portion of the solution
enables the concentration of the di­
chromate to be determined.

EXPERIMENTAL

Apparatus and Reagents. A scin­
tillation counter having a 2- X 2-inch
sodium iodide crystal is used for
counting samples.

The radioactive silver is 50-mesh
gauze in the form of a rectangular
stirrer paddle. A central hole is made
in a 0.5- X 3-cm. piece of the gauze
so that it can be affixed to the end of a
threaded polystyrene stirring shaft by
means of two small polystyrene nuts.
The gauze is then irradiated in a nuclear
reactor. (The silver used for this work
was irradiated in the Grenoble 'reactor
"Melusine" for 48 hours at a flux of
approximately 1012 neutrons per square
centimeter-second. This should pro­
duce a specific activity of AgllOm of 1 me.
per gram, but because of the neutron
distribution in Melusine, and the ab-

sorption spectrum of Ag'09, the specific
activity of the Ag"0m is approximately
10 me. per gram.) After irradiation,
the gauze is attached to the shaft which
can be rotated at 250-300 r.p.m. by
a small motor.

The NH,F-HF solution was the
reagent grade salt with a concentration
of 300 mg.1m!.

The H2SO, and NH,OH used were
concentrated, analytical grade reagents.

Procedure. Measure 100 m!. of
the sample to be analyzed into a 250­
m!. beaker of Teflon. Add by pipets
1 m!. of NH,F·HF solution and 1 m!.
of concentrated H 2SO,. Stir the solu­
tion with the silver stirrer for 1 hour.
At the end of this time, add by pipet
5 m!. of concentrated NH,OH, stir for
1 minute, and then remove the solution
from the stirrer. Place the solution,
or a known portion of it, on the scin­
tillation counter and record the counting
rate. For absolute measurements, run
a standard solution of dichromate under
the same conditions. For measuring
the flow rate of streams, if the concen­
trations of the collected sample and the
(diluted) injection sample are similar,
only the ratio of the concentrations
(counting rates) is necessary. It is
more accurate, however, for this latter
application, to run a sample of the
stream water collected before the di­
chromate injection and use this (count­
ing rate) as a blank.

RESULTS AND DISCUSSION

In the development of this procedure
for dichromate, simplicity of manipula­
tions was deemed desirable so that it
could be used routinely by unskilled
technicians. At the same time, it was
desired to measure dichromate ion at
very small concentrations. Since there
are many other ions in natural water,
the two goals seem at first too incom­
patible. However, preliminary work
had shown that there are usually only
three ions in unpolluted streams which
may interfere with the dichromate-­
silver reaction: chloride ion, ferric ion,
and nitrate ion. Following is a
discussion of the reasons for choosing
the particular reagents given above to
minimize these potentially interfering
ions.

Chloride Ion. Chloride ion can
cause difficulties in the radio release
procedure for dichromate ion by pre­
cipitating silver chloride. If the silver
chloride were to remain suspended



Table I. Reproducibility of Counting
Rates for a Standard Dichromate

Solution

Table II. Reproducibility of Counting
Rates for Blank Samples

Run No. Counts per sec.

1 103
2 107
3 107
4 105
5 109
Av. 106

procedure. These results were obtained
over a period of several weeks, using
both H,sO. and H,PO, in the pH range
1.0-2.5. Each run was made on a
different standard solution made up at
a different time with different water.
Standard counting time was 100 seconds
which represented a total of about
160,000 counts.

Table II shows the counting rates of
various "acid blanks" (samples of
stream waters containing NHoF· HF
made to pH 1.5-2.5 with H2SO. or H,­
PO, and with 1 to 3 hours of stirring.
The counting rates for the blank samples
are high. It must be mentioned that
no attempt has been made to optimize
the counting arrangement. The scintil­
lation counter used for these studies is in
a chemical laboratory in which are also
other radioactive sources more or less
well shielded in lead bricks. The count­
ing rate of the instrument with no
sample is about 60 counts per second;
the net blank counting rate is therefore
about 46 counts per second.

The numbers from Table I and Table
II, together with the concentration of
the standard dichromate solution used
for obtaining data of Table I, enable
one to calculate the sensitivity of the
procedure: The dichromate solution is
0.0500 mg. of Cr(VI) per milliliter, 2 ml.
of which diluted to 500 m!. gives a solu­
tion of 0.200 mg. of Cr(VI) per liter.
This concentration of Cr(VI) produces
a net counting rate of 1548 (= 1550)
counts per second. A solution con­
taining 0.01 mg. of Cr(VI) per liter
therefore produces 77.5 counts per
second above the acid blank. In one
field experiment, the measured di­
chromate concentration was 0.03 mg. of
Cr(VI) per liter, a concentration which,
from calculation, gave a volume flow
rate for the stream within 3% of that
determined by colorimetric means. The

in the solution, there would be no
problem because the sample of solu­
tion taken for counting would be
representative of the original dichro­
mate ion concentration. If, on the
other hand, the silver chloride were to
remain on the stirrer, or on the walls of
the vessel, then a sample of the solution
would not be a measure of the initial
dichromate concentration. This latter
situation is the one which occurs so it is
necessary to complex the silver so that
it remains in the solution.

There are two approaches to keeping
silver in solution: (1) To complex it as
soon as it is formed (thus, silver chloride
is never precipitated) (2) To allow the
reaction to go to completion after which
the precipitated silver chloride is dis­
solved by a suitable reagent. For the
first approach, many reagents were
tried, but only two commercially
available compounds were successful:
thiosinamine and 1,3-diethyl-2-thiourea.
These can keep silver complexed in acid
chloride solutions. Unfortunately, di­
chromate in such solutions slowly
oxidizes these compounds so that at
lower pH values the results are not
reproducible. It is necessary to adopt
the second approach-that of allowing
the reaction to be completed-then
attempt to dissolve the silver chloride
from the silver stirrer. Of the several
reagents tried for this purpose, ammonia
was the most successful. Thiosulfate
may be satisfactory in basic solution,
only if it is free of sulfide ion, while
cyanide in basic solution tends to dis­
solve some of the silver metal, thus
giving high blank values. Coating of
the stirrer with a thin impervious layer
of silver chloride so that remaining
dichromate in the solution cannot
react does not appear to be a problem,
as quantitative results have always
been obtained with solutions up to
0.5M in chloride ion.

Ferric Ion. Ferric ion can oxidize
silver metal in acidic solutions. Most
streams do not contain ferric ions as
such because the pH values are above
those at which ferric hydroxide pre­
cipitates. But when these waters are
made acidic and ferric hydroxide may
dissolve, or ferric ion may be leached
from suspended matter, so that ferric
ion may cause difficulties in this radio
release technique. Since the solution
is quite acidic, and because dichromate
is a good oxidizing agent, many organic
agents capable of complexing ferric ion
are not useful in the solution. Of the
inorganic ions capable of complexing
ferric ion, only two are satisfactory:
phosphate and fluoride. Both are satis­
factory, but fluoride seems to be some­
what better than phosphate. For
much of the early work in development
of this procedure, phosphoric acid was
used to make the solutions the desired
pH values and at the same time complex

the ferric ion in solution. When it
later developed that the use of sulfuric
acid was advantageous (discussed
below), fluoride ion was added to the
solutions to reduce the interference of
ferric ion more than phosphate. In
solutions prepared as described in the
procedure, 10 mg. of Fe+3 per liter pro­
duce the same activity of silver-110m
as does 50 ,"g. of Cr +< per liter.

Nitrate Ion. Nitrate ion was
thought to be a potential problem be­
cause it can oxidize silver metal in
acidic solutions. It could be present
in streams either from biological action
or by having been leached from
fertilized fields. Experiments using
NH,NO, solutions show that 5 mg. of
NO,- per liter produce an activity of
silver-ll Om equal to less than 3 ,"g. of
Cr+< per liter. Nitrate ion then does
not interfere unless it appears in
higher concentrations.

Organic Material. Suspended or­
ganic materials, such as algae, decayed
plant material, etc., may interfere
by reducing the Cr+< ion. This inter­
ference is not serious except at very low
levels of dichromate concentration or for
extended delays between stream dosing
and sample assaying. Methods of
circumventing this problem are now
being investigated in a separate study.

Effect of pH and Stirring Time.
The reaction between dichromate ion
and silver metal is complete in reason­
ably short times only if the pH is less
than 3.0. Many experiments were
carried out at pH 2.5, for which
stirring times of 2.5 hours are required.
These experiments were with H,PO,.
Lower pH values required correspond­
ingly larger amounts of the acid, for
which volume corrections became neces­
sary. With H,sO" however, much
smaller volumes of acid are required to
achieve a given pH value. It was found
that identical results are obtained for a
given solution of dichromate ion in
stream water from pH 2.5 down to
pH 1.0 using either H2SO, or H,PO•.
It was further found convenient to
add 1 ml. of H,sO, to a lOD-ml. volume
of stream water (containing 300 mg.
NHoF· HF), and the pH was then 1.5 ±
0.1 units. It is thus not necessary to
use a pH meter. At 1.5, 1 hour of
stirring time is sufficient for complete
reaction.

Reproducibility, Precision, and Sen­
sitivity. It is possible to present
here details of the reproducibility and
precision using samples of natural
waters to which known quantities of
dichromate ion have been added.
Table I shows the counting rates
obtained when 2 ml. of a standard
solution of dichromate were diluted
to 500 ml. with various natural waters,
and 100 ml. of the resulting solution was
then treated with H,sO, and NHoF· HF
according to the method given in the

Run No.
1
2
3
4
5
Av.

Counts per sec.

1620
1670
1670
1670
1640
16M
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stream flow was 7 cubic meters per
second.

It is convenient to clean the silver
gauze stirrer between experiments with
a KCN solution. Stirring of the KCN
(3 grams of the salt per 100 m!. of H20)
for 1 or 2 minutes, followed by three
5-minute rinses with water, has always
produced a bright, active stirrer which
gives reproducible results. Actually,
in the experiments described here, 2
pieces of gauze were irradiated simul­
taneously in the reactor. Their
activities are identical and a sample
and an "acid blank" can be carried out

together. These stirrers show no
signs of deterioration after having been
used for more than 100 samples or
blanks with KCN cleanings between
each use.
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Solvent Extraction Studies with a Hydrochloric
Acid-2-Ethylhexanol System

K. A. ORLANDINI, M. A. WAHLGREN, and J. BARCLAY'

Argonne Nafional Laboratory, Argonne, 1/1.

I> The distribution of 45 elements
between 83% 2-ethylhexanol-17%
petroleum ether and hydrochloric acid
solutions has been determined. A
graphic presentation of the extraction
data as a function of acid concentra­
tion is given. Very effICient extraction
of Ti(lV), V{V), Ru(VIII), SnllV), Pa(V),
Nb(V), Ta(V), Ga(lII), Fe(lII), Sb{V),
Au{III), As(III), Np{VI), and Mo{VI) was
achieved. Of the remaining elements
studied, only W(VI), Zn{II), U(VI), TdVII),
Cd(II), Hg{lI), and Pd(II) were ap­
preciably extracted. Separations
within the group of well extracted
elements can be accomplished by
back-extraction utilizing selective re­
duction, complexation, and variation
of acid concentration. The extracted
elements ore readily stripped into
dilute acid solution or water. A num­
ber of applications of the system to
activation analysis as well as other
radiochemical separations, including
preparation of some carrier-free sam­
ples, are given.

I MMISCIBLE ALCOHOLS have not been
widely applied as extractants for in­

organic species as have ethers, ketones,
and more basic extractants such as the
high molecular weight amines. Alcohols
are often used as diluents for other
extractants (2) and as solvents for che­
late extractions. Distribution studies
between hydrochloric acid and an im­
miscible alcohol have been used to
determine ionic species in hydrochloric
acid solution (1,3).

In many analyses the samples are
solubilized in strong mineral acid

1 Present address, University of Cali­
fornia, Berkeley, Calif.
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solution, while the optimum conditions
for specific separations occur in the pH
range 0-12 where masking and pH
control are most effective. In radio­
chemical procedures, a preliminary
separation step is often used to eliminate
the bulk of interfering activity and
consequent radiation hazard in a simple,
remote operation. The hydrochloric
acid-alcohol system to be described is
very suitable for this type of separation
because of the rapid equilibrium, ease
of manipulation, and high solute ca­
pacity. In the case of sequential multi­
element analysis, the separated fractions
are free in most cases of excess reagents
and salts which may interfere in a
following analytical step.

Many of the elements covered in the
present study extract into various
oxygenated solvents such as ethers and
ketones, but 2-etlqrlhexanol is superior
to these reagents in several respects.
The low solubility (0.33% in con­
centrated HCl) of the alcohol is a dis­
tinct advantage over ether and ketone
systems. Having a flash point of 85° C.,
and an azeotrope with water boiling at
99° C., gives the alcohol system stability
as well as ease of evaporation. The
low vapor pressure at room temperature
permits one to carryon experiments
without significant solvent loss and with
low flammability hazard. The latter is
of particular concern when working
with highly radioactive samples.

Of some 45 elements studied, 14 were
well extracted (75-99%) while nine
were extracted in the 30-60% range and
would be considered interferences. The
alkali metals, alkaline earths, and rare
earths were not extracted appreciably.
Nickel, bismuth, indium, scandium,
silver, and copper were extracted 10%

and less; iridium (IV), ruthenium (III),
chromium (III), manganese (II), and
yttrium, 1% and less.

EXPERIMENTAL

Reagents. 2 Ethyl-I-hexanol (prac­
tical grade) was obtained from Mathe­
son, Coleman, and Bell. This grade
has an assay of 98% by gas chro­
matography, the remainder consisting
of isomers. All other chemicals and
solvents were reagent grade or equiv­
alent except n-hexanol which was
Eastman practical grade.

Procedure. Distributions were deter­
mined using purified radioactive tracers.
All extractions and pre-equilibrations
were carried out in 40-ml. centrifuge cones
using battery-driven mechanical stirrers.
Although phases separated well, cen­
trifugation was employed to eliminate
any suspended droplets in either phase.
Aliquots were pipetted into small poly­
ethylene bottles or dried on planchets
for counting. Single channel and multi­
channel analyzers were used for gamma
counting, and gas proportional detec­
tors for alpha and beta counting.

Petroleum ether was used as diluent
for all alcohols studied. The 2-ethyl­
hexanol for all extractions was diluted
to 83% by volume for ease of phase
separation, unless otherwise noted.

A small amount of crystalline KMnO,
(30-40 mg.) was added three times
during the extraction of V, Ru, Np,
Au, Mo, and Sb tracers in order to
oxidize these elements to their higher
oxidation states. Cr, Ce, Mn, and Bi
could not be maintained in the maxi­
mum valence state in the alcohol-HCI
system.

The organic phase was pre-equil­
ibrated in all cases. Equal volumes
(10 mI.) of organic and aqueous phases
were used for the extractions. The dis­
tribution coefficients (D) given are the
ratio of radioactive count rates of equal
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Figure 1. Distribution coefficient YS. ionic activity of Hel

aliquots of organic and aqueous phases.
Based on studies of extraction time
dependence for several typical elements,
a lO-minute equilibration time was used
for all extractions.

RESULTS AND DISCUSSION

Figure 1 shows log-log plots of the
extraction data. The main coordinates
as shown on the model figure are distri­
bution coefficient D and mean ionic
activity a± as determined from molality
and standard activity coefficients.
Molarity and percent extraction are also
indicated on the model. The alkali
metals show no appreciable extraction.
Less than 1% of Li, Na, and K was
extracted from strong HCI. Ag(I) has
a D abo~t 10 times higher, 8% having
been extracted from strong HCI. The
distribution of HCI is included to
indicate the significant extraction . of
H+ from concentrated acid solution,
giving an organic phase concentration
equivalent to 4M HCI. This affects the
distribution behavior of elements ex­
tracted from strong acid solutions.

Significant quantities of bivalent ele­
ments were extracted by this system.
Zn, Cd, Hg, and Pd with maximum
extractions between 40 and 50% are
considered interferences over the useful
range of acidities, whereas Co would
be an interference at 9M HCI or higher.
Cu and Mn can be easily removed from
well extracted elements by organic
phase scrubbing.

Of the trivalent elements Ga, Fe, Au,
and As(I1I) show high distributions
(>95%). Insignificant amounts of

AI, In, and the rare earths were
extracted. Ga and Fe were extracted
together under oxidizing conditions;
however, reduction of Fe(III) to Fe(I1),
which is poorly extracted, facilitates the
separation from gallium. Gold was
highly extracted (>90%) even in the
lower acid range where distributions of
most elements are low. Gold extrac­
tions were run in the presence of KMnO.
because of the tendency of gold to be
partially reduced in the simple system.

The high extraction of Ga and Fe
makes possible separations from as­
sociated elements including Co, Cu, Mn,
Ni, In, V, and AI.

The curves in Figure 2 represent the
dependence of the distribution coef­
ficient upon the concentration of the
alcohol in the organic phase, with HCI
concentration as a parameter. These
curves are useful in maximizing dif­
ferences in behavior for specific separa­
tions. Gallium and iron have similar
alcohol dependence. The alcohol de­
pendence for gold was studied at 6M
HCI acid and found to be similar to Fe
but with a higher range of distribution
coefficients.

The family Ti, Zr, and Hf shows
increasing extractability with de­
creasing ionic radius. Ti is well ex­
tracted (>91%) above 11M HCI.
Separation factors in this subgroup of
elements are not high. However,
Sn(IV) shows a different dependence on
acid strength, and separation factors
between Sn and Hf, or Sn and Zr, at
8M HCl are good. Sn is also readily
separated from In, Bi, and Cu which are
poorly extracted in this system.

Germanium is not included because
of its well known chloride extraction into
a variety of organic solvents.

The alcohol dependence of Ti and
Zr is unique among the elements studied

1000,----------,

100

10

1.0

D

0.1

0.01

0.001

0.0001 ~--~--___;';;_-__;f""

MROH
L I I "

1% 5% 25% 100%

Figure 2. Distribution coefficient of
Fe(III) YS. molarity of alcohol in organic
phose
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Table I. Ratio of Distribution Coefficient in Mixed Acids to Distribution Coefficient
in HCI Alone

Zrl2M HCL

0.001 L------,0'".I;--------;,"o;.0---,-....,.6.~.M

MOLARITY of ALCOHOL in ORGANIC PHASE

I I I d
1% 5% 25% 100%

Figure 4. Distribution coefficient of
pentavalent elements vs. molarity of
alcohol in organic phase

Pa(Vl -{)-, __

Sb(V) -o-,-a­
VIv) -l:J.-, -A­

Nb(V) -0-,--

10000

10

JOO

1.0

o

1000

0.01

0.1

centration for the elements shown.
Noteworthy is the close similarity
between Sn(IV) and Mo(VI) under
these conditions. It was observed in the
extraction of macro amounts of
vanadium from 9-12211 HCI that V(V)
in the 2-ethylhexanol phase was notably
more stable to reduction than V(V)
in aqueous HCI.

Effect of Acids and Anions. The
effect of HCl containing moderate
amounts of hydrofluoric, nitric, and
sulfuric acids upon the distribution
coefficient was determined for a rep­
resentative group of elements (Table
I). Qualitatively, hydrofluoric acid
lowers extractions with varying effec­
tiveness. Hydrofluoric acid at 0.06211
showed little effect upon Ga extraction
but strongly decreased Zr extraction.
Sulfuric acid strongly decreases Zr
extraction at the acidity shown and
could be used to enhance separation
factors where Zr is an interference.
Nitric acid triples the extraction of
Nb(V) at 1.2211 HNO" 8.2211 HCI while
decreasing Ga and Fe extraction at the
same acidity.

An interesting extension of the HCl

9.6M HCl
0.46

Distribution
Coefficient HCl

8.2M HCI
042

770
270

2.89
62

1.44

8.2M HCI,
1.3M H 2SO.

1.63
1.2
114
1.34
06
135

9.6M HCI,
1.3M H 2SO.

0.03

extracted from HF· HCI solutions the
possibilities of separation from many
elements is evident. This behavior has
also been studied by Casey and Mad­
dock (1).

Figure 4 shows the alcohol dependence
curves for Sb(V) , Nb(V), Pa(V) , and
V(V) at 12 and 5211 HCI. Noteworthy
is the overall low dependence of vana­
dium and the shift in the antimony
curve in 5211 HCI. A very efficient
scparation of Sb(V) and from Sn(IV)
can be achieved on this basis. The
distribution coefficient of antimony
between 12M HCl and 0.32211 (5%)
alcohol in petroleum ether is 125
(99+ %) while distribution of Sn(IV)
under these conditions is less than 0.1
or 9%.

Among the hexavalent and heptava­
lent elements Mo(VI) and Np(VI)
have good distributions (75%) in strong
HCI while Tc(VII) shows a maximum
extraction of 67%. Tungsten with a
maximum extraction of 57% is con­
sidered a high level interference. Np
(VI) is easily reduced to lower oxidation
states which are poorly extracted. Mo
also is poorly extracted in its lower
oxidation states and is readily re­
duced by stannous chloride. Cr(VI)
has a tendency to be well extracted in
this system. However, this element is
rapidly reduced to the nonextractable
Cr(III) even in the presence of KMnO.
and may easily be separated from other
well extracted elements such as V,
Ti, Fe, Nb, and Sn.

Ru(III) and (IV) are not appreciably
extracted from HCl, but in the presence
of an oxidizing agent (KMnO.) Ru
extracts quite well (75-88%) from 1 to
3M HCI. At higher acidities the ex­
traction falls off and remains between
50 and 70%. Extraction of Ru from
dilute HCI offers the possibility of
separating this element from many
others.

Effect of Macro Amounts of Ele­
ment on Distribution. Experiments
were run to determine the effect of
macro concentrations of an element
upon its distribution. Examples are
given in Figure 5. Distribution co­
efficients remain near maximum well
into the range of analytical con-

8.2M HCI,
1.2M HNO.

0.56
039
034
0.39
30
047

9.6M HCI,
1.2MHNO.

1.0

t!! ROH

8.2M HCl,
0.06M HF

1.0
1.0
0.63
10
0.13
0.85

9.6MHCl,
0.06M HF

002

t I !, I

0.0001 L----.o~.I----I"'.0~-~6.~4M

Zr(IV)

Element
Zn(II)
Ga(III)
Fe(III)
Sn(IV)
Nb(V)
W(Vl)

1% 5% 25% 100%

Figure 3. Distribution coefficient vs.
molarity of a Icohol in organic phose

o

0.001

0.1

1.0

10~----------~

0.01

because of the distinct shifts at 9211
HCI (Figure 3). Zirconium goes
through a transition in the alcohol
dependence curves from 9 to 12M HCI.
The maxima in the dependence curves
for Ti and Zr at 50% alcohol suggests the
use of this alcohol concentration rather
than 83% strength. Sn(IV) shows a
strong and also uniform alcohol depend­
ence at all acidities.

Distribution coefficients of greater
than 2000 for Sb(V) and 10,000 for Pa(V)
were observed. The high distribu­
tion (>99%) for vanadium(V) con­
trasted to low distributions for vana­
dium(IV) and (III) enables ready

. separation of vanadium from well
extracted elements, including group
(V) elements.

Tantalum is not stable in hydrochloric
acid and tends to be precipitated out of
solution, and in the case of tracer con­
centrations is quantitatively adsorbed
on the glass surroundings. The Ta
curve in Figure 1 shows the extraction
in the stated HCl concentrations with
0.2211 HF present. Since Ta is well
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Sample
Meteorites, steel

Table II. Applications of 2-Ethylhexanol in Petroleum Ether as Extractant
Element Separated from Aqueous phase

Fe(III) Co, V, Mn, Cu, Sc, 6-8M HCI
Ni, Cr, AI, Mg

Organic phase
2-Ethylhexanol­

petroleum
ether 83%

ROH

Detn. of Zr in Hf using Nb"
daughter activity

Purification of tracers

Sepn. of V" from Cyclotron ir­
radiated Ti foils

Trace analysis of Th, for Hf, Zr,
Ta by neutron activation

Detn. of trace Sb in metals and
fission products

Ga Fe 6-8M HCI reducing
agent (SnC!,)

Nb, Sb(V) Zr, Hf 6-8M HCI

Nb Sb 9-11M HCI reducing
agent

Nb Fe, V 5M HCI mild reducing
agent

V(V) Ti, Cr, AI, Be 6-8M HCI
KMNO.

Ti(IV) V, Sc Warm 12M HCI
Ta Pa, Hf, Zr 3-5MHCI

0.5-1M HF
Pa Hf, Zr, Th 7-8M HCI
Sn(IV) Hf, Zr, Cu, In, Bi 7.5M HCI
Au(III) Many elements 3MHCI

Ag (carrier 1M HCI, KI
free tracer)

Sb(V) Su, Bi, Cu, Zn 12M HCI

30% ROH

50% ROH

83% ROH

83%ROH

100%ROH
83% ROH

2.5% ROH

-+-~+-+--.-

Figure 5. Distribution coefficient (0)
vs. element concentration

Mo(VII -0-
Sn(IV) -_

system is the pronounced effect of KI
on the extraction of Ag. Carrier free
Ag tracer is extracted about 85% from
1M HCI containing a small amount of
KI. At higher concentrations of Ag,
the extraction is decreased.

Effect of Alcoholic Type. The al­
cohol dependence curves for the
elements studied showed a complex
distribution response to changes in
the alcohol concentration. Contrast­
ing behavior is noted between regions
where the distribution coefficient is
relatively insensitive to changes-e.g.,
Figure 3, Ti 8.5M HCI; Figure 2, Fe
lO.3M HCI-and regions where extrac­
tion increases rapidly with moderate
alcohol concentration changes (Figure 2,

233 from a thorium matrix in the deter­
mination of trace amounts of hafnium
and zirconium by neutron activation.

Vanadium has been separated as
carrier free V" from deuteron irradiated
titanium foils. This separation is per­
formed in 7.5M HCI where in the
presence of KMnO., 94% of the V(V)
and about 13% of the Ti(IV) are
extracted. The Ti(IV) is scrubbed out
of the organic phase with 7.5M HCI.
Alternatively, Ti(IV) may be extracted
from vanadium in 12M HCI where
vanadium is easily reduced to the
poorly extracted IV state.

An example of separation of a three
element combination is the case of,
processing zirconium-niobium tracer
which contained antimony impurity.
Niobium and antimony are readily ex­
tracted from zirconium in 7.5M HCI
by 30% alcohol. The Nb-Sb combina­
tion is scrubbed once' for removal of
traces of zirconium, then antimony is
back-extracted into a separate aqueous
phase of 9M HCI containing a suitable
reducing agent such as stannous
chloride. The niobium is back-ex­
tracted into water containing H,O,.
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Fe(III) 6M HCI). Experiments using
n-hexanol, n-heptanol, 2-ethylhexanol,
n-octanol, and n-decanol indicate that
significant differences are observed only
in certain regions of high alcohol de­
pendence. Fe(III) in lO.3M HCI was
extracted to nearly the same extent by
the five alcohols at 50% concentration.
In 6M HCI and 50% alcohol, 2-ethyl­
hexanol was least effective (D = 1.7)
and n-hexanol most effective (D ~

11.5). Similar behavior occurs with
Sn(IV) in 5M HCI with 50% alcohols
and with Ti in 12M HCI and 20%
alcohol. A comparison of 2-ethyl­
hexanol and n-hexanol in the extraction
of Pa(V) from 5M HCI showed no dif­
ference over the range of 70-100%
alcohol. The studies indicate that an
alcohol-type effect may be observed
where the 2-ethylhexanol concentra­
tion dependence curve exhibits linear
regions. The use of different alcohols
can enhance the separation of elements
under certain conditions.

Typical Applications. Table II
shows some typical applications using
2-ethylhexanol in petroleum ether as
the extractant. For these radio­
chemical applications, milligram
amounts of carrier for gravimetric
measurement were not added since the
separation could be made quantitative
(> 98%). The use of inactive carriers is
recommended to eliminate adsorption
losses. By utilizing differences in dis­
tribution response to the various param­
eters, separations can be readily
optimized for the particular sample
material of interest.

A typical application of the 2-ethyl­
hexanol-HCI system is the extraction of
high levels of radioactive protactinium-

0.1

ZrlIlllllM HCL

Mg per mL
10100
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Gas Chromatographic Separation of Oxides of Nitrogen
J. M. TROWELL

Hercules Powder Co., P. O. Box 98, Magn", Utah

Figure 1. System schematic

*COlUMN NO.I-1/2 °/0 CARBOWAX ON GLASS BEADS
COLUMN 00.2-40% 0'"'50 ON GAS CHROME RZ
COlUMN NO. 3-13 X MOLECULAR SIEVE

EXPERIMENTAL

Apparatus. A gas chromatograph
consisting of a series arrangement of
three columns and two detectors 'was
fabricated. The detector's were Gow­
Mac Model TRUB thermal conduc­
tivity cells with W-2 filaments. The
detector signal outputs were fed to a
Varian two-pen recorder, 0-5 mv.
full scale. The supply of helium was
dried by passing it through a -760 C.
cold trap packed with 13X molecular
sieve. The system schematic is
shown in Figure 1.

Columns. Column No. I was a
I-foot length of '/.-inch stainless-steel
tubing packed with 0.5% Carbowax
1500 on 60- to 80-mesh silanized glass
beads. The column was prepared using
standard evaporation procedures. To
treat the column, 1 cc. of nitrogen di­
oxide was passed through the tube.
The column was then heated to 1000 C.
and purged with helium.

Column No.2 was a 20-foot length of
'/,-inch stainless-steel tubing packed
with 40% dimethyl sulfoxide (DMSO)
on 60- to SO-mesh Gas Chrom RZ.
Evaporation procedures using· acetone
as the solvent were also used to pre­
pare this column; however, Column 2
was packed using the Matronic XL300
pressurized column packer at a packing
pressure of 50 p.s.i.g. As will be shown,
this column was superior to a silica
gel column for separating nitrous oxide
and carbon dioxide.

Column No.3 was an 8-foot length
of '/,-inch stainless-steel tubing packed

REF. OUT

REF. IN

REF. OUT

with 30- to 60-mesh 13X molecular
sieve. This column was also packed
using the Matronic XL300 pressurized
column packer at a packing pressure
of 50 p.s.i.g. To obtain optimum
separation, the column was activated
at 250 0 C. for 5 minutes with a rapid
helium purge of approximately 200 cc.
per minute. Overactivation resulted
in considerable tailing of the nitric
oxide peak. Molecular Sieve 5A was
investigated as a possible packing for
Column 3; however, a prohibitive
amount of tailing was found with nitric
oxide.

Procedure. A helium flow of 75
cc. per minute was established through
the columns. Column 1 was controlled
at a temperature of -760 C., and
Columns 2 and 3 were maintained
at 250 C. A gas sample waS intro­
duced into the system at point A
(Figure 1). Injection can be made
by an appropriate means; however,
for this study a gas sampling valve
was used. The sample volume varied
with the type of sample under analysis.
When analyzing for trace quantities
of the nitrogen oxides, up to 25 cc.
were injected with satisfactory results.
The injected sample was carried by the
helium through Column 1. This
column removed the nitrogen dioxide
and water vapor from the helium
stream. The remainder of the sample
was carried to Column 2 where nitrous
oxide and carbon dioxide were sep­
arated and chromatographed. The
exhaust of Detector No. 1 then passed
through Column 3 where the order of

REF. INTO REFERENCE

E XPLOSIVES and related industries
have had a definite need for

methods of analyzing nitrogen oxides.
One analytical technique which has
been extensively investigated is that of
gas chromatography. However, the
reported methods have been limited
either to the determination of nitric
and nitrous oxides with the exclusion
of nitrogen dioxide, or to the determina­
tion of nitrogen dioxide with tbe
exclusion of nitric and nitrous oxides.
Two samples have therefore been re­
quired using gas chromatography
methods of analysis. The more com­
mon methods reported have been at the
exclusion of nitrogen dioxide. The
work of Frazer and Ernst (1) is one of
the more recent. They separated
nitric oxide and nitrous oxide from a
mixture of other gases by using a silica
gel column in series with a molecular
sieve column. Greene and Pust (2);
and more recently Morrison, Rinker,
and Corcoran (3), have reported the
analysis of nitrogen dioxide in air.
Greene and Pust used a wetted
molecular sieve column for their
analysis; Morrison et al., used a packed
column of SF-96 for the separation.
A method for analyzing nitric oxide,
nitrous oxide, and nitrogen dioxide in a
mixture of other gases from a single
sample has not been reported. This
paper presents a gas chromatographic
procedure for determining nitric oxide,
nitrogen dioxide, carbon dioxide, carbon
monoxide, oxygen, and nitrogen in a
sample using series columns with dual
detectors to complete the analysis.

l> By a unique arrangement of col­
umns, combined with subambient tem­
perature gas chromatography, a
method has been developed for the
determination of H" 0" N" NO, CO;
N,o, CO2, C,H" C2H, C2H2, and
N02(N,O,}. The separation is ac­
complished using three columns in
series. The first column temperature
is subambient for the separation of
NO,(N20,) and water. The remaining
two columns separate the other com­
ponents in the gas sample. To obtain
the complete analysis from one injec­
tion it is necessary to fabricate, or
modify, a commercial gas chromato­
graph to accomodate two detectors
and two columns. The schematic of a
relatively cheap and simple gas chro­
matograph developed for this an­
alysis is presented.
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Figure 2. Gas chromatogram; air, N,O, CO" and NO, Figure 3. Gas chromatogram; air, N,O, CO" and NO,

(N02 peak position changed)

elution was hydrogen, oxygen, nitrogen,
nitric oxide, and carbon monoxide.
After elution of carbon dioxide from
Column 2 and carbon monoxide from
Column 3, the three-way valve No.1
was turned to channel the helium flow
past Column 2, thereby directing the
helium flow through a second regulat­
ing valve, No.2. Valve No.2 reduced
the helium. flow from 75 cc. per minute
to 30 cc. per minute. Mter the mo­
mentary upset due to the helium flow
changes, Column 1 was rapidly heated
to 700 C. The nitrogen dioxide and
water were vaporized and carried
directly to Detector 1. (1 f a measure­
able peak is desired for water, the column
can be heated to 1000 C. after elution
of the nitrogen dioxide.) Following
elution of the water, the three-way
valve was returned to the original
position. If the sample contained hy­
drocarbons) such as Ca's, C4.'S, or acety­
lene, these components were then eluted
from Column 2. The tubing connecting
Columns 1 and 2 to the detector was
kept at 1500 C. by wrapping with a
voltage-controlled heating tape.

RESULTS AN D DISCUSSION

The principle of operation of Column
1 for the separation of nitrogen dioxide
from the other gases was not unique.
This technique has been used routinely
in the past for the removal of unwanted
or interfering materials in carrier gas
and samples. However, in this analysis,
the trapped components were of interest

and were subsequently analyzed. The
temperature of _76 0 C. was chosen
because nitrogen dioxide would be
adequately removed with very little
chance of components freezing, other
than water. Mass spectrometer and
infrared analysis had shown that the
remaining decomposition gases of
explosives or double-base propellants
would be unaffected at -760 C. The
0.5% Carbowax 1500 on glass beads
was chosen as the column packing
material to aid in the separation of the
nitrogen dioxide from the water and
certain other solvents, such as acetone
and ethyl alcohol. In addition, this
column minimized the interaction of
nitrogen dioxide and water. A tempera­
ture gradient from 250 C. to -760 C.
existed in the first two inches of the
column. This removed the water from
the sample prior to removing the
nitrogen dioxide. Thus nitrogen dioxide
and water were separated by a combina­
tion of temperature and column liquid
phase. Therefore, any interaction of
water with nitrogen dioxide must occur
prior to injection in the instrument.

Increased load on the glass beads or a
change in the column support of Column
1 to one of the fluorocarbon types re­
sulted in nonreproducible results. If
greater separation was desired between
nitrogen dioxide and some component,

other than water, the common tubing
between Columns 1 and 2 could be
packed and the temperature adjusted
from 1500 C. to yield the desired
separation. A second method which was
used for greater separation was to
lengthen Column 1. The packing was
changed to only glass beads and the
column temperature was crudely pro­
grammed from _760 C. to 1000 C.
However, if anyone of these modifica­
tions is incorporated, time must be
allowed for the complete elution of
water from the extra packed column.
Any water remaining on the column will
cause nonreproducible results.

A typical gas chromatogram of a
mixture of air, nitrous oxide, carbon
dioxide, and nitrogen dioxide is shown
in Figure 2. There was slight tailing of
the nitrogen dioxide peak. Another
chromatogram of the same gases is
shown in Figure 3; however, the
position of the nitrogen dioxide peak
was changed, from the last peak to the
first peak. Figure 4 is similar to Figure
3, except the position of the nitrogen
dioxide peak was changed to the second
peak. The switching of the nitrogen
dioxide peak's position was ac­
complished by simple manipulation of
the bypass valves.

A tabulation of peak area V8. sample
size of nitrogen dioxide is shown in

l
::>c~

N,O

(

{ N"
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Figure 4. Gas chromatogram; air, N,O, CO" and NO,
{N02 peak position changed)

Figure 5. Chromatogram; gases obtained under optimum
conditions
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Table I. Linearity of NO, Results

Sample volume, Peak area,
rom. pressure sq. em.

20 4.9
30 8.6
40 11. 6
50 15.9
60 19.8
70 25.0
80 29.9

100 40.0
120 530

Table II. Method Reproducibility

Sample
Com- volume, Peak Peak

ponent mm. height, area,
added pressure mv. sq. em.

N, 25.0 0605 0.443
N, 250 0607 0.442
N, 25.0 0606 0443
N, 25.0 0.607 0.442
CO, 25.0 0.792 0.135
CO, 25.0 0.800 o 132
CO, 25.0 0.799 0.136
CO, 25.0 0.804 0.131
NO, 50.0 6.00 1.56
NO, 50.0 565 1. 51
NO. 50.0 5.85 1.52
NO, 50.0 615 1.60
NO, 50.0 5.95 1. 55

Table I. The sample size was expressed
in millimeters (mm.) of mercury, since
the sample injection was accomplished
using a gas sample valve connected to a
vacuum gauge. A sample size of 100
mm. would equal approximately 1 cc.
of sample. The linearity of the data
indicated the freeze-out technique was
quantitative. The lower limit of detec­
tion for nitrogen dioxide was not
determined. However, by increasing
sample size or by making several in­
jections it was found that trace quanti­
ties (p.p.m.) of nitrogen dioxide could be
trapped in Column 1 and subsequently
analyzed.
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The Columns 2 and 3 and conditions
were carefully chosen so that the DMSO
column and the 13X column could be
operated in series without multiple
helium flows. Both of these columns
gave optimum separation at a tempera­
ture of 25° C. with a helium flow of 75
cc. per minute.

A chromatogram of a mixture of gases
obtained under optimum conditions is
shown in Figure 5. Chart speed was
30 inches per hour. The separation of
the nitrous oxide and carbon dioxide
was essentially base Iinc. Further,
there was negligible tailing of either
component. If ethane and ethylene
had been present in the sample, the two
peaks would have appeared between the
composite and the nitrous oxide peak.
Acetylene, if present, would appear 20
minutes after appearance of the nitrogen
dioxide peak, as explained in the pro­
cedure. The separation obtained with
the 13X column was equally satis­
factory. Although the nitric oxide
peak did exhibit tailing, the tailing was
minimized by the stringent activation
conditions. Increased activation of the
13X increased the difference in the
retention times of the nitric oxide and
carbon monoxide peaks; however, tail­
ing of the nitric oxide peak was in­
creased. The average useful life of the
columns with continuous use was 3
months for the DMSO and 1 month for
the 13X.

The life of the 13X column can be
increased by placing a three-way valve
between Detector 1 and Column 3.
During the first part of the analysis the
valve is turned to direct the exhaust of
Detector 1 to Column 3. Following
the elution of the carbon monoxide
from Column 1, the valve is turned so
as to vent the exhaust of Detector 1 to
the atmosphere, thus avoiding the
contamination of the 13X with nitrogen
dioxide, water, and other components
retained in Column 1.

A compilation of replicate analyses
of carbon dioxide, nitrogen, and nitrogen
dioxide is gi ven in Table II. The data
show the 95% confidence limit of the
analysis of carbon dioxide and nitrogen
to be ±0.70% per component at 100%,
whereas the calculated 95% confidence
limit for the nitrogen dioxide deter­
mination was ±2.6'10 at 100%. This
reproducibility range was completely
satisfactory for gas chromatographic
analysis.

The Bacchus Laboratory of Hercules
Powder Co. has used the gas chromato­
graphic method for the analysis of
nitrogen oxides routinely for over one
year. The method has been applied to
the analysis of thermal decomposition
gases of explosives, double-base pro­
pellant firing gases, and effluent gas
analysis coupled with differential
thermal analysis of propellant. The
samples have varied from traee con­
centrations to extremely high con­
centrations of various decomposition
gases in both inert and air atmospheres;
in all instanees satisfaetory results
were obtained. To date, this laboratory
has not experieneed any interferenee in
the subambient eolumn used for the
separation of the nitrogen dioxide.
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Spectrophotometric Determination of Gold with Azide

RAY G. CLEM and E. H. HUFFMAN

Lawrence Radiation Laboratory, University of California, Berkeley, Calif.

~ The formation of the tetraazido­
gold(lII) ion is indicated by the mole
ratio method and canflrmed by an
analysis for azide on an evaporated
sample. A spectrophotometric method
for the determination of gold is
based on measuring the absorbance
of the complex at 325 ml' in water,
for gold alone, or at 330 ml' in on
n-butyl alcohol extract. Factors which
control color development, color sta­
bility, and extraction are discussed,
and the effects of common foreign
ions are noted. From 1.5 to 5.3
p.p.m. optimum absorbances are ob­
tained although Beer's law is followed
well beyond these limits.

I N A PREVIOUS investigation for the
determination of palladium with

azide (J), it was observed that gold was
extracted from acidic azide solutions
with n-butyl alcohol, but was not back­
extracted by neutral aqueous azide solu­
tions as was palladium. Further
studies indicated that a spectrophoto­
metric method for gold could be
developed from this behavior, and that
such a method had not been reported.

The optical absorbance of the tetra­
azidogold(III) ion is made the basis
here for the determination of gold in the
optimum ranges from 38 to 127 I'g. in
25 m!. of water at 325 ml', or from 15 to
53 I'g. in an extract made with 10 m!.
of n-butyl alcohol, at 330 mI'. The
color is developed immediately and is
stable for about 15 minutes in water and
for about 8 minutes in the n-butyl
alcohol extract. The color reagent,
1.0M sodium azide, is stable for months.
The platinum metals, exclusive of
ruthenium and osmium, do not inter­
fere in milligram amounts if gold is
extracted and the absorbance is read in
the alcohol phase.

EXPERIMENTAL

Apparatus. All absorbance mea-
surements and spectral scans were
made with a Beckman DU spectro­
photometer equipped with a photo­
multiplier tube, using 1.00-cm. silica
cells and, when necessary, 0.90-cm.
silica cell spacers. A Beckman Model
76 expanded scale pH meter was used
for all pH measurements. Separatory
funnels with stopcocks of Teflon were
used to avoid grease contamination
of the organic solvent.

Reagents. Weighed gold sheet,
containing less than 0.02% copper as
the only impurity (spectrographic
analysis), was dissolved in aqua regia,
boiled with concen tra ted hydrochiDric
acid, heated just to fumes with
perchloric acid, cooled, and made tio
volume to give a 0.1000M gold stock
solution. Aliquots of the stock solution
were checked by weighing the gold
formed by reduction with hydrogen
peroxide; a solution 0.1001M in gold
was found. The stock solution was
0.400M in chloride, as shown by
titration of the filtrate by Fajan's
method, and 0.417M in hydrogen ion,
after allowing for the hydrogen ion
formed by oxidation of the peroxide.
Other gold solutions were prepared by
dilution of the stock solution. The
1O-'M solution used in preparation of
the calibration curves was made 0.12M
in hydrochloric acid and was remade
every 5 days. All gold solutions were
kept in the dark.

Practical grade sodium azide (East­
man) having a purity of 99.2%, as
determined from the hydrogen ion
consumed on oxidation with nitrite
(2), was used to make 1.00 and 0.1000M
solutions. Initially, the solutions were
slightly turbid and colored, but on
standing for two weeks they cleared and
precipitates settled out. Spectro­
graphic analysis showed that the pre­
cipitates contained aluminum, calcium,
magnesium, and iron, but that only
traces of aluminum and calcium re­
mained in the solutions. These aged
solutions were used, and no attempt was
made to purify the salt by recrystalliza­
tion with organic solvents (5, 8) since
the metal impurities would probably
follow. The azide concentrations re­
mained constant during the precipita­
tion, and are stable for at least three
months.

A buffer was prepared by dissolving
one mole of monosodium phosphate
monohydrate (Baker and Adamson
reagent) in 800 m!. of water, adjusting
the pH to 6.00 with 10M sodium hy­
droxide, and diluting to 1 liter. The
platinum metals used were described
in a previous paper (J). Reagent
grade mercuric and silver nitrates and
purified tellurium metal (Fisher) were
used in the interference tests.

Preliminary Tests. The tetraazido­
gold (III) ion, which forms immedi­
ately in water, was extracted from
acid solutions into n-butyl alcohol,
isoamyl alcohol, and diisopropyl ether;
the complex is reduced to metallic
gold at high pH. The n-butyl alcohol
was selected because it permits the
back-extraction of traces of the plat­
inum metals which may accompany

the gold. A high concentration of an
indifferent salt, such as the phosphate
buffer, prevents emulsification and
effects a fast phase separation.

Procedure. Gold alone, in the
optimum range from 38 to 127 I'g.,
may be determined by reading the
color directly in aqueous solution.
Transfer to 25 m!. volumetric flasks
an aliquot of the unknown and sufficient
aliquots of the 1O-'M gold solution to
define a calibration curve in the opti­
mum absorption range. Add to each
flask 2.5 m!. of LOOM sodium azide
and 12.5 m!. of the pH 6.00 buffer,
and dilute to volume. Obtain the ab­
sorbance values within 15 minutes of
preparation, at 325 ml', against a blank
containing all components but gold.

Gold in the presence of the tolerated
platinum metals is determined by ex­
traction. Add the sample solution to a
125-m!. separatory funnel; add 5 m!.
of the pH 6.00 buffer and 2 m!. of 1.00M
sodium azide and adjust the volume to
10 m!. Add 10.0 m!. of n-butyl alcohol
and extract by shaking for 30 seconds.
Discard the aqueous layer and wash
the organic phase by shaking for 30
seconds with 10 m!. of solution contain­
ing 5 m!. of the buffer and 2 m!. of the
azide. Withdraw 4 m!. of the n-butyl
alcohol layer with a spitzer and expel
it into a 1.00-cm. absorbance cell
through asmall tuft of cotton supported
on a microfunne!. Measure the ab­
sorbance within 8 minutes, at 330 ml',
against a blank which has been carried
through the same procedure. Obtain
a calibration curve by carrying aliquots
containing 15 to 53 )Lg. of gold through
the same procedure. If gold alone is
determined by the extraction procedure,
back-washing of the organic phase is
unnecessary for both the sample and
the calibration aliquots.

RESULTS AND DISCUSSION

Precision. Beer's law is obeyed
by both the extracted and unextracted
solutions; the quantities for the
optimum absorption range are 38 to
127 I'g. in 25 m!. of water and from 15 to
53 )Lg. in the alcohol extract for 1.00-cm.
cells. The volume of the organic phase
increases during the extraction from
10.0 m!. to 10.9 mt. The absorptivity,
based on the initial 10.0 m!., is 0.1321 ±
0.0017 (std. dev.) p.p.m. -1 em. -lor
0.1440 p.p.m.- 1 cm.-1 based on 10.9 mt.
The volume returns to 10.0 m!. during
back-washing and the absorptivity is
then 0.01297 ± 0.0016 p.p.m. -1 em. -',
indicating a loss of about 1.8% of the
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(A) 2 X lO-OM Au+3 inwater; a.10M Na-i a.SOM P04 -3; pH
6.00; readings VI. (D)
(8) n·butyl alcohol extract of solution as for (A) except a.20M N3 ­

readings VI. (C)
Ie) n-butyl alcohol extract as for (8) without Au+3; readings VI.

solvent
(D) solution as for (A) without Au+8; readings VI. water

All with 1.00-em. cell

Statistical summaries of the results
obtained for the three types of solutions
are given in Table 1.

Composition of the Complex.
Figure 1 shows spectral scans in the
near ultraviolet region of the gold
azide complex in water and in n-butyl
alcohol, taken against appropriate
blanks. These blanks are, respec­
tively, an aqueous solution containing
all constituents except gold, and n-

butyl alcohol equilibrated with such
a solution. Scans of these blanks
are also shown, read against the
respective solvents. If the scans of the
complex are continued into the visible
region of the spectrum they show a
gradual diminution in absorbance.

The mole ratio method of Yoe and
Jones (9) was used at 2 X lO-'M and
2 X lO-'M gold and at azide to gold
ratios from 1: 1 to 8: 1, in the region of
maximum absorptivity. To suppress
possible hydrolysis of the azido-gold
ion, the pH was regulated with sodium
hydroxide or perchloric acid to 4.07 ±
0.10 or 3.89 ± 0.14, respectively, for the
two concentration levels. All solutions
were made to 1.00M with sodium per­
chlorate to maintain constant ionic
strength and were read against blanks
containing gold(III) chloride and
sodium perchlorate at the same con­
centration an':! pH levels. Sharp breaks
at a ratio of 4: 1 azide to gold are shown
in Figure 2 at the 2 X lO-'M gold level,
Indicating negligible dissociation of
tetraazidogold(III) ion. A similar set
of curves at the 2 X lO-'M gold level
also shows sharp breaks, but at a
slightly higher than 4: 1 ratio. This is
probably explained by the slow oxida­
tion of azide by gold(III), SO that the
apparent ratio of azide to gold is higher
than the true ratio. At 2 X lO-'M
finely divided gold appears in less tha~
half an hour at ratios greater than 4: 1.
At higher concentrations the solutions
are more stable for the corresponding
ratios. All of the foregoing results
could be interpreted to indicate the
primary formation of diazidogold(I) ion
by the reaction

AuCI,- + 4N,- -> Au(N,),- +
4CI- + 3N,

instead of the formation of tetra­
azidogold(III) ion.

0.62
0.26
0.30

0.26
0.73
0.44

0.26
0.28
0.23
0.34
0.23
0.00

Std. dev.,
I'g.

19.3(5)-19.9(7)
38. 5(5HO. 2(5)
58.2(1)-59.2(1)

9.8(5)-10.0(0)
19.6(7)-20.1(7)
29.4(5)-30.0(6)
38. 7(4)~39.2(7)
48.7(1)-49.4(7)
58.5(3)-58.9(1)
68.3(5)-68.3(5)
78.5(4)-79.2(2)

Table I. Reproducibility

"g. gold
Added

No. of
samples

gold. The absorptivity of the aqueous
solution without extraction is 0.1368 ±
0.00020. ,When the aqueous to organic
volume ratio is increased from 1: 1 to
3: 1, the absorbance of the extract in­
creases linearly at the rate of 1% for
each 15% increase in volume ratio, due
to the increasing loss of alcohol into the
aqueous phase which is not compensated
by an increasing amount of water in the
alcohol.

Found Range
Extracted; not back-washed

2 9.85 9.9(2)
3 19.70 19.9(5)
4 29.55 29.7(5)
5 39.40 39.0(4)
5 49.25 49.1(6)
4 59.10 58.6(8)
3 6895 68.3(5)
2 78.80 78.9(2)

Std. dev. pooled, 2:(n - 1) = 20:0.30 I'g.
Extracted; back-washed

5 19.70 19.5(8)
5 39.40 39.6(8)
5 59.10 58.9(0)

Std. dev. pooled, 2:(n - 1) = 12:0.33I'g.
Not extracted

5 39.40 39.1(0) 38.2(OHO.0(0)
5 78.80 78.7(8) 78.5(0)-79.1(3)
5 137.9 138. (9) 138. (0)-138.(9)

Std.dev.pooled, 2:(n -1) ~ 12:0.39I'g.
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0.4
1.1
0.4
0.4
0.7
07
0.7

Te
Hg
Ag
Ir
Pd
Pt
Rh

2
2
4
2
2
2
2

0.3 to 1.8 mg., under the stated condi­
tions. In the presence of 1 mg. of
osmium only 25% of the expected color
for gold is developed, and a blue-black
powder appears at the phase interface.
Ruthenium and osmium may be re­
moved either by tellurium or by
volatilization (6).

The anions chloride, perchlorate, sul­
fate, and phosphate in O.lM concentra­
tions do not interfere in either the direct
or extraction procedures. Cyanide, a
strong complexing agent for gold, must
be absent. Nitrate interferes with the
direct procedure because it absorbs
strongly in the ultraviolet spectral
region, but it does not follow gold in the
extraction procedure even when present
in O.lM concentration.

studies conditions were held constant
at pH 6.00, 0.5M phosphate buffer,
39.4 "g. gold, 0.2M azide, and phase
volume ratio of 1: 1, unless otherwise
indicated. Absorbances were read at
330m".

The color intensity in the extracted
phase remains constant for O.lM to
0.2M azide in the aqueous phase, but
decreases from the maximum value by
7% and 86% upon decreasing the azide
concentration to 1O-'M and 1O-3M,
respectively.

Spectrophotometric examination of
the aqueous phase indicates that at least
99% of the gold is extracted at pH 6.00.
The color intensity does not change,
when corrected for blank absorbance,
in the pH interval from 2.7 to 7.1. At
pH values lower than 2.7 the absorbance
decreases; e.g., 93% of the maximum
absorbance is found at pH 1.90. At
high pH values the gold is reduced.
The extracted blank has an absorbance
which varies from 0.074 at pH 1.85 to
0.010 at pH 7.90, presumably due to
hydrazoic acid. Use of the buffer in
preparing both sample and blank
eliminates the effect of this variance.

The color intensity decreases at the
rate of 2% per 8 minutes in light, as
described above, and less than 2% in
I hour in the dark.

Gold is easily reduced to the metal
and this property serves well to separate
macro to semimicro amounts from gross
quantities of other metals. Reduction
and coprecipitation with tellurium is
used to isolate and concentrate micro
amounts (4, 6). Because of the ease of
this separation, an extensive list of
diverse ions was not studied. If sul­
furous acid and hydrazine are used for
the reduction (4) and the precipitate is
redissolved in aqua regia, only tellurium,
silver, mercury, palladium, and
platinum will follow as impurities (6).
None of these elements, in I-mg.
quantities, cause an error in excess of
2.8% in the determination of 39.4 JLg.
of gold, using the extraction procedure
with back-washing, even through the
silver is precipitated as chloride and
the tellurium is present as the dioxide
at pH 6.00. Table II summarizes these
interferences. Gold is reduced to metal
by azide in the presence of ruthenium
as evidenced by a purple color, typical of
colloidal gold, observed at the interface.
Some ruthenium is also extracted,
but the absorbance of the extract is a
nonlinear function of the amount of
ruthenium present, in the range from

The addition of sodium or potassium
azide to gold(III) chloride has been re­
ported to form explosive orange colored
needles upon careful evaporation of the
solution (3). No analysis was reported
for the product, but it has been re­
ferred to as AuN3 (7). Repetition of
this preparation in the present work,
using a ratio of 10: 1 azide to gold, gave
a similar product which readily redis­
solved in water. The solution had an
absorption maximum at 325 m", indicat­
ing the presence of the same complex
ion as above. Another preparation by
evaporation at pH 7 using 4: 1 azide to
gold was analyzed for azide (2).
Ratios of 1: 3.89 and 1: 3.98 were ob­
tained indicating negligible oxidation
of azide by gold(III). It appears that
the earlier preparations gave sodium
and potassium tetraazidogold(III) salts
rather than gold(I) azide, and that the
tetraazidogold(III) complex is the ab­
sorbing species used herein.

Color Development in Aqueous
Solutions. In the following studies
the pH, gold concentration, and azide
concentration were held constant at
6.00, 39.4 "g. and 0.02M, respectively,
unless otherwise indicated. Absorb­
ances were read at 325 m".

The color intensity is insensitive to
changes in azide concentration at values
greater than 6 X lO-'M. On decreasing
the azide concentration to 2 X lO-'M
the color intensity decreases to 77% of
its maximum value.

The pH was varied from 1 to 9 hy
adjusting with either sodium hydroxide
or perchloric acid, while maintaining
the ionic strength at 1.00 with sodium
perchlorate. The color intensity re­
mains constant in the pH interval from
4.35 to 7.00, but decreases slightly out­
side of these limits. For example, the
intensity decreases to 93 and 97% of its
maximum value at pH 1.00 and pH
9.00, respectively.

A study of absorbance versus time
was made over a 70-minute interval
while exposing the sample continuously
to the fluorescent lights in the work
area, except during the time necessary
to obtain the absorbance values. The
color intensity decreases at the rate of
2% per 15 minutes of exposure. For
this reason more samples should not be
prepared than can be read in 15 minutes.
If the developed samples are kept in the
dark, the decrease is less than 2% in
1 hour.

Extraction and Color Development
in n-Butyl Alcohol. For the following
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liquid-liquid Extraction of Zirconium(lV) with Mesityl Oxide

EXPERIMENTAL

Apparatus and Reagents. A Cam­
bridge pH meter (Marshall Model)
and a Russian Type C./>4 quartz spec­
trophotometer with l-cm. cells were
used.

A stock solution of zirconium nitrate
(E. Merck and Co.) was prepared by

SIR: Mesityl oxide (4-methyl-3­
penten-2-one) has been used for the
extraction of uranium(VI) (2). Exten­
sion of these studies to zirconium(IV)
revealed that zirconium(IV) can be
quantitatively extracted from solutions
containing 4M nitric acid and 4M
sodium nitrate. Zirconium(IV) is back­
extracted from the organic phase with
water and is spectrophotometrically
determined in the aqueous phase with
alizarin. This provides the basis for the
liquid-liquid extraction of zirconium
(IV) at the milligram level. The
method, although not specific, is appli­
cable for the rapid separation of
zirconium(IV). Early work on the
solvent extraction of zirconium(IV)
has been summarized by Morrison and
Freiser (5). A recent method includes
the extraction of the alizarin complex
of zirconium(IV) in butanol (3).

Tol­
erance
limit,

I'g.
20·

457
510
30'

150·
20'

500
520
150·
500
50'

450
150'
230
240
150'
750
750
640
500
150<
None
500
250<

50<
50<

120
None
None

50<
None
None

Foreign
ion

RESULTS AND DISCUSSION

Table II. Diverse Ions

Zirconium(IV), 130 "g.

Effect of Acidity. The study of the
extraction of zirconium(IV) with
mesityl oxide from 0.5-6M nitric
acid concentration showed that the
maximum extraction occurs at 4M
nitric acid concentration. The par­
tition coefficient (D) was computed
from the ratio of the concentration
of zirconium (IV) in the organic phase
to that in the aqueous phase. Zir­
conium (IV) content in the mesityl
oxide phase was determined as described
above, and that in the aqueous phase by
difference from the total amount of
zirconium(IV) initially taken. The
maximum partition value was 100,
corresponding to an acid concentration
of 4M containing 4M sodium nitrate
(Table I).

Salting-Out Agent. The effeet of
varying concentrations (1-4M) of
ammonium and sodium nitrate as the

Source
Hg(NO.),
Pb(NO.).·2H,O
TI,SO,·2H,O
H,PtCl,.2H,O
PdCI,
CuSO,·2H,O
Cd(NO,),
Bi(NO,),
SnCt.
Th(NO,).-4H,O
Ce,(SO.),
Fe(NO,),
Cr,(SO,),
Al(NO,),
UO,(NO,),·6H,O
NH,VO,
ZnSO,·7H,O
MnSO,·4H,O
CoSO,
NiCl,
(NH,),Mo,O,.
NaH,PO,·IOH,o
(NH,),SO,
NaGI
KGN
NH,SCN
Tartaric acid
Citric acid
Oxalic acid
Acetic acid
Ascorbic acid
EDTA (diso-

dium salt)
a Foreign ion masked by sequestering

agent as KI, H20 2
b Tolerance limit increased by pre­

liminary extraction with TTA
C Anion removed by passing on anion

exchange resin column

Hg+2
Pb+'
TI+
Pt+'
Pd+7
Cu H

Cd +7
Bi+3

Sn+4

Th+4
Ce H

Fe +3

Cr+3

Al+2
U"
V+5
Zn+2
Mn+2
Co+2

Ni+2

MoO,-'
PO,-'
804 - 2

CI-
CN-
SCN­
Tartrate-4

Citrate-'
Oxalate-'
CH,GOO­
Ascorbate -2

EDTA-'

....z
01.0

it

8
zo
§
'"«...
o 0

8
-J

2.0 r-----------~

-1.0 "---__--O-_-'---'-..u._~

0.5 1.0 1.5 2.0 2.2
LOG OF MESITYL OXIDE eONeN.

Figure 1. Partition coefficient as func­
tion of mesityl oxide concentration

A. Aqueous phose 5M HN03
B. Aqueous phase 3M HN0 3

dissolving 1.6024 grams of zirconium
nitrate in 500 ml. of water containing
1% nitric acid. The solution was stand­
ardized gravimetrically as an oxide.
It contained 1.08 mg. of zirconium per
milliliter. The test solutions (10.8
I'g. of zirconium per ml.) were prepared
by lO-fold dilution.

Mesityl oxide (RD.H., b.p. 128.7°
C.) and alizarin (G. T. Gurr Ltd.,
London, 0.05% solutions) were used.

General Procedure. The experi­
mental outline was similar to that
reported earlier (2).

An aliquot of zirconium nitrate solu­
tion containing 130 I'g. of zirconium (IV)
was mixed with sodium nitrate and
nitric acid to a volume of 25 ml. so
that the concentration of the salting-out
agent and acid would be 4M. It was
then introduced into a separatory
funnel and extracted with 10 ml. of
100% mesityl oxide.

For acidity studies, suitable nitric
aeid concentrations were used in place
of 4M nitric acid, whereas for the study
of the effect of salting-out and diverse
ions, suitable concentrations of salting­
out agent and foreign ion were added
to the aqueous phase before extraction.

At the end of extraction the layers
were allowed to settle and separate.
The aqueous layer was removed first;
then the zirconium(IV) was removed
from the organic layer by back-extrac­
tion with two 20-ml. portions of water,
and was spectrophotometrically de­
termined with alizarin at 525 ml' (6).

HNO"M
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
1
2
3
4
5
0.5
1.0
1.25
1.5
2.5
4
6

Mesityloxide
19%, (1.62M)

Table I. Partition Coefficient as the
Function of Acidity

Zirconium(IV), 130 "g.; salting agent
NaNO,,4M

Partition
coefficient,

D

o
o
0.132
0.546
1.42
0.063
0.54
1.42
2.39
4.66
0.132
0.699
4.66
2.39
7.40
0.137
0.699
7.4

100
7.4
0.132
0.416
0.546
0.546
0.699
1.12
4.66

100%, (8.70M)
without salt­
ing agent

50%, (4.35M)

100%, (8.70M)

75%, (6.53M)
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salting-out agent on extraction of zir­
conium(IV) with 100% mesityl oxide
was studied in the acid range of 2.5­
4211. Their presence in the aqueous
phase increased the extraction of
zirconium(IV), because less mesityl
oxide is combined. with acid and hence
more of it is available for the extraction.
The optimum concentration of salting­
out agent is 4211 sodium nitrate in 4211
nitric acid. A higher concentration of
nitric acid was avoided because of the
slight dissolution of the mesityl oxide
layer. The extraction of Zr(IV) with
100% mesityl oxide was also studied in
the acid range of 2.5-4211 to determine
the effect of varying concentrations
(1-4211) of NH,N03 and NaN03 as the
salting-out agent.

Mesityl Oxide Concentration. The
concentration of mesityl oxide was
varied from 19 to 100% with methyl
isobutyl ketone as the diluent. The
effect of the extraction was noted at
different acidities (Table I) in the
presence of 4211 sodium nitrate. Dilu­
tion of mesityl oxide lowers the ex­
traction. A plot of log D VB. log C

mesityl oxide (Figure 1) at 3 and 5211
nitric acid indicates slopes of 2.4 and
1.6, showing the extractable species to be
Zr(NO,).-2MeO and H[Zr(N03).­

(MeO),], respectively. The system
conforms to the limiting square law (1)
in the case of zirconium(IV). The
optimum reagent concentration is 100%.

Diverse Ions. A number of repre­
sentative ions were tested for inter­
ference (Table II). Lead, thallium,
cadmium, bismuth, iron, aluminum,
zinc, manganese, cobalt, nickel, uranium,
thorium, chloride, and sulfate do not
interfere, even if present in the ratio of
1:5. Ions which can easily form anionic
complexes with zirconium(IV) -e.g.,
oxalate, citrate, ascorbate, EDTA­
strongly interfere. The tolerance limit
(2) of ions such as copper, cerium,
chromium, and palladium can be in­
creased by preliminary extraction of
these ions with 2-thenoyltrifluoroace­
tone (1,). Interferences due to anions
can be eliminated by anion exchange;
whereas those due to certain cations
can be removed by masking with
suitable sequestering agents. The

tolerance limits of the ions are listed in
Table II.

From 10 runs with 130 ",g., of zir­
conium(IV), using a general procedure,
the average recovery was 96.4 ± 1.2%
with a standard deviation of 2.0%.
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Modification of Flask Method of Sulfur Determination

Determination of Sulfates with Sulfonazo III

Table I. Determination of Sulfur in
Various Samples

RESULTS

Typical results from the determina­
tions are given in Table I. Work in this
laboratory indicates that the titration
can be used for the determination of
inorganic sulfur if a quartz combustion
tube and a spiral absorber are used in
place of the Schoniger flask.

The flask is opened, 3 m!. of acetone
and 3 drops of sulfonazo III solution are
added, and the solution is titrated with
barium perchlorate solution. The red
color of the solution changes sharply to
blue at the end point.

A blank solution is unnecessary if
Schleicher-Schuel filter paper No. 589'
is used for the combustion step. For
calculations, 1 m!. of barium perchlorate
solution is the equivalent of 0.32066 mg.
of sulfur. Other salts, such as po­
tassium chloride and sodium perchlorate,
interfere when present in excess of 0.1
mmole. Primary potassium phosphate
interferes in excess of 0.01 mmole.
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reaction should be carried out in a
homogeneous aqeuous-nonaqueous solu­
tion, because an aqueous medium
permits formation of the sulfonazo
III-barium complex. Water and ace­
tone. appear to be the best medium.
The aprotic solvent acetone decreases
the dissociation of sulfonazo III, and in
this way the formation of the sulfonazo
III-barium complex is hindered.
Organic sulfur can also be determined by
using the flask method and sulfonazo
III indicator.

EXPERIMENTAL

For combustion and titration, 250-m!.
or 3OD-m!. SchOniger flasks were used.
Barium perchlorate (0.01211) was pre­
pared by dissolving 2.37 grams of
reagent grade barium perchlorate in
distilled water and making up to 1 liter.
The solution was standardized by titra­
tion with reagent grade potassium
sulfate, previously dried at 110° C.
Sulfonazo III (0.1%) was prepared by
dissolving 0.1 gram. of sulfonazo III
in 100 m!. of distilled water. This
solution is stable for many months.
Medical grade oxygen was used directly
from the cylinder, and all other chemi­
cals used were reagent grade.

Procedure. A 0.15-m!. sample of
30% hydrogen peroxide and 4 m!. of
distilled water are placed in a SchOniger
flask. The flask is filled with oxygen,
and a 4- to 7-mg. sample is combusted
and then absorbed by shaking in the
absorption solution for 15 minutes.

Std.
dev.,

%

±O.08
±016
±0.18

18.40'
18.48
25.46

%S

18.40
18.52
25.62

Calcd. Found"

SIR: The flask method (2) is the most
convenient method for determination of
organic sulfur. The modification of this
method by Wagner (3), who used titra­
tion with barium perchlorate and visual
indication with thorin, is considered the
best. A recent investigation (1) of the
color reaction of sulfonazo III [2, 7-bis­
(o-sulfophenylazo)chromotropic acid]
with barium ions resulted in excellent
sensitivity and selectivity. Sulfonazo
III can also be used for visual indication
in the barium perchlorate titration of
sulfate ions. Compared to the use of
thorin, the end point is much sharper
and is unaffected by pH changes. The

Sample
Chromotropic

acid (dihy-
drate) 18.00 17.84 ±016

I-Cysteine 26.47 26.41 ±0.17
Potassium

sulfate
Sulfanilic acid
Taurine
Thiosemi-

carbazide 35.19 35.22 ±O. 20
Thiourea 42. 13 41. 97 ±O. 24

a Average value from 5 determinations.
" Average value from 10 determinations.
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Gas Chromatographic Analysis of Aromatic Hydrocarbons with
Modified Bentonite Columns

Effect of Bentone 34 Concentration on Performance of Packed Columns

7

80 75 70
I.lINUTES_

65 60

4
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2

25 20 15 10

!..

Figure ,. Chromotogram of aromatic hydrocarbons on column mode from new botch of Bentone 34

Column packing: 11.54% DC~2001S00 and 11.54% Bentone 3.4. Peaks: 1. benzenef 2. toluene, 3. ethyl benzene, 4. p~xylene, 5. m-xylene, 6.
o-xylene, 7. isopropyl benzene

SIR: The use of modified Bentone 34
(dimethyldioctadecylammonium ben­
tonite) packed columns for the separation
of the xylene isomers has been the sub­
ject of numerous publications (1,2,4--6).
Of these five publications, owever, only
two (2, 6) have shown the separation of
isopropyl benzene and o-xylene. Be­
cause isopropyl benzene is present in
almost all xylene mixtures, this separa­
tion is as important as the analysis of
the xylene isomers. To maintain the
above separations, we have found it
necessary to reoptimize the weight per
cent of silicone oil and Bentone 34 used
in our columns when a new batch of
Bentone is used. The activity of each
batch of Bentone appears to be dif­
ferent.

6
3

4

5
8

7

2

l­eo:
:!..

EXPERIMENTAL

A Perkin-Elmer Model 800 gas
chromatograph equipped with a dif­
ferential flame ionization detector was
used for these studies. The recorder
was a Leeds & Northrup Speedomax
Model G with a full-scale span of 5 mv.
All of the tubing used for fabricating
the columns was I5-feet X '/..-inch
o.d. X 0.085-inch i.d. stainless steel.
The various packings used for carrying
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Figure 2. Chromatogram of aromatic hydrocarbons. Bentone 34 some as Figure'

Column packing, 16.16% OC.200/500 and 3.03% aentane 34. Peak" 1. benzene, 2. toluene, 3.
ethyl benzene, 4. p-xylene, 5. m-xylene, 6. o-xylene, 7. Isopropyl benzene, 8. n-propyl benzene



Table I. Effect of liquid Phase and Bentone on Column Efficiency

out the analyses contained DC-200/100
methyl silicone oil (Dow Corning Corp.,
Midland, Mich.), Bentone 34 (National
Lead Baroid Division, Houston, Texas)
and nonacid washed chromosorb W
(Johns-Manville Corp., New York,
N. Y.). The various ratios that were
used are listed in Table I. The op­
erating temperatures for the column,
injector, and detector were 100°, 215°,
and 175° C., respectively. A carrier
gas flow rate of 12.7 m!. per minute
(measured at column outlet) was used
in all cases.

The column materials were made
using the conventional slurry technique.
After packing, the column was coiled
and then preconditioned at 140° C.
for 30 minutes.

DISCUSSION

Our early work on the modification
of Bentone 34 showed that columns
made with equal weights of silicone oil
and Bentone 34 gave the best results.
Later results obtained on a column
made in the same manner but with a
new batch of Bentone 34 gave the results
shown in Figure 1.

To find the correct ratio of silicone oil
to Bentone 34, five different column
materials were made. Table I shows the
weight per cent of the silicone oil and
Bentone 34 used in each column. Also
shown in this table are the number of
theoretical plates and the HETP
values obtained for each column cal-

Weight % Weight %
DC-200/100 Bentone 34

19.42 291
16.16 3.03
12.63 3.16
12.25 6.12
11.54 11.54

n

6750
7220
7950
9495

10390

HETP
(mm.)

o 7
0.6
0.6
0.5
0.4

R
p-xylene­
m-xylene

0.96
1.53
2.12
4.14
3.98

R
m-xylene­
o-xylene

1.9
0.9
06

~O

o

R
o-xylene­
isopropyl
benzene

5.7
3.1
2.5
1.4
0.9

culated for the n-propylbenzene peak
along with the resolution values cal­
culated for the following peak pairs:
p-xylene and m-xylene; m-xylene and
o-xylene; and o-xylene and isopropyl
benzene. The equations used for the
calculations correspond to the inter­
nationally accepted nomenclature (3).
Using this data it is possible to predict
that the best column for the analysis of
these materials would be one con­
taining 16.16% silicone oil and 3.03%
Bentone 34. Figure 2 shows the chro­
matogram obtained on this column.
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Preparation of High Purity Acetonitrile

SIR: The favorable dielectric, solvent,
and optical properties of acetonitrile
(MeCN) have resulted in its wide use
in spectrophotometric and electro­
chemical experiments and in peptide
chemistry. Practical grade MeCN
generally contains, as impurities, water,
unsaturated nitriles, toluene, and
various aldehydes and amines. The
reagent material has higher chemical
purity but may actually have poorer
optical qualities and is not suitable for
electrochemical use. Similarly, com­
mercially available spectro grade Me­
CN does not show optimum optical or
electrochemical properties.

The generally accepted method for
purifying MeCN is that given by Weiss­
berger (4). It involves successive re­
fluxing with P,O, and Na,C03, followed
by careful distillation through a good
rectifying column. MeCN of high
purity was prepared with the use of this
method by Janz and Danyluk (3), who
refluxed the MeCN with P,O, six times
for 36 hours each time before continuing
with the Na.C03 treatment and distilla­
tion. MeCN prepared by us with this
method has a boiling point of 81.7° C.
at 763 mm., contains less than 0.05%
water, and is a satisfactory voltam­
metric solvent. GLC analysis does
reveal, however, a substantial amount

(ca. 0.5%) of an impurity which ap­
parently forms an azeotrope with MeCN
and which is not removed until the
greater part of the charge has been dis­
tilled over.

Other procedures listed by Weiss­
berger include azeotropic distillation
with methylene chloride, benzene, or
trichloroethylene. These methods are
only intended to remove water and could
not produce solvent with generally
satisfactory optical Or electrochemical
properties.

Purification procedures intended to
produce solvent for use for reductions
at the mercury electrode have been
described by Coetzee et al. (1). Of the
several variations described, that rec­
ommended for general use involves
stirring with calcium hydride for 48
hours followed by fractionation from
P,O" with a final fractionation from
CaH,. This procedure is inadequate
when the solvent is intended for optical
or anodic electrochemical use because
no provision is made for removal of
small amounts of aromatic hydrocarbons
which absorb in the 260- to 280-ml'
region and which are oxidized at the
platinum electrode.

We suggest the following procedure
for purifying MeCN: place 800 m!. of
practical grade MeCN in a I-liter round-

bottom flask, add 10 grams of anhydrous
Na,C03 and 15 grams of KMnO,. Distill
at 5 to 10 mi./min. into a receiver pro­
tected from atmospheric moisture.
Make the distillate slightly acidic with
concentrated sulfuric acid. Decant
from precipitated ammonium sulfate
and distill through a 30-plate rectifying
column at 10 ml/hr. with a reflux ratio
of 20: 1. A small forecut, typically 40
mi., must be discarded. The resulting
MeCN has a boiling point of 82.0° C.
at 763 mm. GLC examination of sol­
vent prepared by this procedure
revealed two impurities amounting to
less than about 0.1 % which appear to
be unreactive at a platinum anode.
The water content was less than 0.01 %.

This method appears to offer definite
advantages when compared with the
procedures decribed above. It produces
solvent of generally higher purity, it is
rapid, only about one day being re­
quired before usable solvent is obtained,
and it is much less wasteful of solvent.
Solvent prepared by this procedure has
been used within the potential range of
+2.3 volts, with NaCIO, at a platinum
electrode, to -2.7 volts, with tetra­
ethylammonium bromide at a mercury
electrode. Potentials are expressed
relative to the aqueous S.C.E.

MeCN purified by the KMnO, pro-
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a Defined as wavelength at which transmittance of 1 cm. of material reaches 10% when
1 em. of water used as reference.

, Explained in text.

Table I. Comparison of Acetonitrile from Various Sources
Trans-

mit-
tance UV Back-

d" at 200 cutoff, Cou- ground,
Source and grade n 2rf g./m!. m,u,% m"a lombs' "a.

Matheson Practical 1.34897 0.77728 0 225
Baker Reagent 1.34515 0.77719 0 226 10.8 480
Eastman Spectro 1.34427 0.77691 0 215 2.3 310
P,O,-N""CO, treated 1.34438 0.77701 0 216 33 330
Na,CO,-KMnO. treated 1.34429 0.77686 55 <200 2.0 180
PhCOCI-KMnO. treated 1.34393 0.77683 85 189 0.5 155
Lit. (1) 1.34433 0.77691 0 215
Lit. (3) 1.34388 0.77680
Lit·W 1.34411 0.77683

cedure is adequate for voltammetric
and coulometric purposes. This pro­
cedure is recommended for general
electrochemical use, both for oxida­
tions and reductions. However, higher
optical purity can be obtained if the
MeCN is first treated with benzoyl
chloride according to the following
procedure; place 800 m!. of practical
grade MeCN and 10 ml. of benzoyl
chloride in a I-liter round-bottom flask
and reflux for 1 hour. If there is more
than 0.2% water present, it must be
removed by distillation prior to adding
the benzoyl chloride. Distill at 5 to
10 ml./min. into a receiver containing
10 m!. of water (to hydrolyze any
benzoyl chloride carried over). Add
20 grams of Na,CO" reflux for 2 hours,
and distill into a receiver fitted with a
drying tube. Add 10 grams of anhydrous
Na2CO" 15 grams of KMnO" and
continue with the KMnO, procedure
described above. Again, a small forecut
must be discarded prior to collection.
The size of this forecut is dependent
upon the amount of water picked up but
averages 50 ml.

GLC examination of solvent pre-

pared according to this procedure
showed one impurity, just discernable
with a flame ionization detector. Water
was not detectable by thermal con­
ductivity GLC. By this procedure we
have obtained isolated samples with
100% transmittance at 200 mi', but the
85% listed in Table I is more typical.
The boiling point of this solvent was
82.0° C. at 763 mm.

For purposes of comparison we have
subjected a sample of commercial
spectral grade solvent and a sample of
MeCN purified according to the method
of Coetzee to the same tests given
MeCN prepared by our methods. East­
man spectral grade MeCN contained
approximately 0.1% water together
with four other impurities, two of which
constitute roughly 0.02% each and two
of which are too small to measure by
flame ionization GLC. Solvent pre­
pared by the calcium hydride-phos­
phorus pentoxide method showed an
absorption maximum in tbe 260- to 280­
mit region. Conditions for the GLC
analyses are indicated in Table II.

A measure of the purity of MeCN
is the number of coulombs required to

electrolyze it anodically to background.
The data given in Table I show the
number of coulombs to electrolyze 75
ml. of solvent to a constant background
at 2.3 volts V8. S.C.E. in a three-com­
partment cell with a platinum anode,
together with the limiting background
current reached in each case. All
samples were 0.10M in NaClO, which
had been recrystallized from water­
ethanol, dried under vacuum, and
stored over P,O,.

According to Herzberg (2), the UV
spectrum of MeCN vapor has a band
extending from about 190 mit to 160
mit, centered near 167 m". We have
examined the UV spectrum of the
material with 85% transmittance at
200 mit in both the liquid and vapor
state with a McPherson single beam
vacuum spectrometer. The vapor
spectrum shows that absorption
becomes appreciable at 175 m" and
increases steadily to 165 mit, the limit
of the hydrogen lamp source. In the
liquid phase in a 1-cm. cell, absorption
becomes 'appreciable at 195 mit and cut­
off occurs at 189 mit.

The optical qualities of MeCN
deteriorate on standing. One sample of
material having 85% transmittance at
200 mit showed a reduction to 55%
after 3 weeks in a stoppered flask.
Contact with stopcock grease must be
avoided; MeCN will dissolve sufficient
Apiezon N to ruin its optical qualities
altogether. A most useful criterion of
solvent purity is the UV cutoff. We
have noted that solvent showing UV
cutoff above 200 mit invariably exhibited
undesirably large background currents
and detectable impurity peaks on
GLC examination.
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Table II. Summary of Gas liquid Chromatography Data LITERATURE CITED

• Used in Aerograph 600-c chromatograph with flame ionization detector.
'Used in F & M 500 chromatograph with thermal conductivity detector, 150-ma.

filament current.

1/. in. X 8 ft., 20% Dowfax Temp., 100° C.

Column

9N9, 2'/,% NaOH on
ChromosorO-pa

'Is in. X 8 ft., 20% Duo-Seal
Vacuum pump oil, 2'/,%
NaOH on Chromosorb-pa
1/. in. X 12 ft., 5% GE
SX-50 on Fluoro Pak'

Operating conditions

Carrier flow, 20 m!'/min.

Temp., 70· C.
Carrier flow, 20 m!./min.

Temp., 60· C.
Carrier flow, 55 ml./min.

Compound

Ethylamine
Propionaldehyde
Acetonitrile
Acrylonitrile
Benzene
Toluene
Acrylonitrile
Acetonitrile
Benzene
Water
Acetonitrile

Relative
reten­

tion
time

0.31
0.49
1.00
1.35
1.50
310
075
1.00
1.98
0.71
1.00

(1) Coetzee, J. F., Cunningham, G. P.,
McGuire, D. K., Padmanabhan, G. R.,
ANAL. CHEM. 34, 1138 (1962).

(2) Herzberg, G., Scheibe, G., Z. Physik.
Chem. B7, 390 (1930).

(3) Janz, G. J., Danyluk, S. S., J. Am.
Chern. Soc. 81, 3846 (1959).

(4) Weissberger, A., Proskauer, E., Rid­
dick, J 0' Toops, E., eds., "Technique
of Organic Chemistry," Vol. VII, 2nd
ed., Interscience, New York, 1955.
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Aqueous Sodium Borohydride Chemistry

The Coinage Metals, Copper, Silver, and Gold

Table I. Effect of Anion Present and Solvent System for NaSH. on Reduction
of Cu(lI) Salts

Solvent for NaBH.

RESULTS AND DISCUSSION

Reduction of Copper(II). When
sodium borohydride is added to a
copper(II) solution there is a marked
change from a blue colored solution or
a blue colored precipitate to a green
then to a brown colored solution or
precipitate and finally to a reddish
brown solid or to a black finely
divided velvety solid depending on
conditions used. Both forms contain
shiny pieces of, apparently, free copper.
These observations and the differences
in the solubilities of the products in

experiments the sodium borohydride
was dissolved in O.IN NaOH and added
dropwise with constant stirring. The
reaction mixture was left standing
overnight. or digested on a hot plate for
1 to 2 hours. The resulting brown
spongy precipitate was filtered and
washed thoroughly with water. The
precipitate was transferred to a porce­
lain crucible, the filter paper was charred
off, and then the residue was brought to
a red heat in a Bunsen burner flame.
The crucibles were cooled and weighed.
The precipitates were washed with
water, dissolved in a 1: 1 hydrochloric
acid solution and 30% hydrogen per­
oxide, and tested for boron.

0.2
0.5
0.06

ReI. std.
dev., %

0,07
0.13
0.07
o 18

93.18
99.79
9996

Agin
precipitate,

%.
100.06
100.00
100.04
100.77

Directly as Ag

0.05
0.5
06

ReI. std.
dev., %

0.11
0.20
0.15
0.15

94.88
99.72

100.0

various solvent systems suggest that
possibly copper(II) is reduced to copper
(I) then to copper(O) or to a mixture of
copper metal and small percentages of
some other copper species.

A study was made of the effect of
anions present and of the sodium boro­
hydride solvent system. In all instances
the copper was completely recovered
as determined by quantitative tests on
the precipitate and by qualitative tests
on the filtrate. The results are given in
Table 1.

The anion present and the solvent
system for the reducing agent affect
the nature of the precipitate, and
under some conditions a product of
varying and undetermined composition
is obtained. However, the direct weigh­
ing of the produet can be made the
basis for the quantitative determination
of copper in the absence of interfering
species if the copper(II) salt is a
nitrate, or if it is a sulfate and the
reduction is carried out in the presence
of ammonia.

Reduction of Silver(I). When
sodium borohydride is added to the
silver nitrate aliquots, there is a
rapid evolution of hydrogen and the
solution turns brownish black. With
samples adjusted to initial pH II with

6N NH, 15N..::N.:.:H=,__
eu in eu in

precipitate, ReI. std. precipitate, ReI. std.
%a dev., % %a dev., %

Gravimetrically
as Agel

Agin
precipitateJ%.

99.81
99.96
99.82
99.68

Recovered after NoBH. Reduction of Ag(l)

Determination of Ag

ReI. std.
dev., %

0.2
0.2
0.03
0.7
1.3
0.7

ReI. std.
dev., %

0.09
0.08
0.09
0.00

H 20
Cu in

precipitate,
%.

96.23
9988
92.15

100 I
100.5
100.9

Agin
precipitate,

%.
99.89
99.86
99.97

100.04

Volumetrically
with SCN-

Percentage of Silver

Initial
pH

2
5
7

11

Table II.

Copper species
used to prepare
Cu(II) solution
CuCI,
Cu(NO,),
CuSO.
Cu(NH,),CI,
Cu(NH,),(NO,),
Cu(NH,).SO.

• Average of three values.

• Average of four values.

EXPERIMENTAL

SIR: A previous publication describes
procedures for the quantitative separa­
tion of lead and barium, of cadmium
and mercury, of lead and zinc, and the
semiquantitative separation of cadmium
and zinc (3). Since this technique is
simple and rapid and does not require
elaborate equipment, the investigation
was continued to develop procedures for
the reduction of the coinage metals.

Apparatus and Reagents. The pH
of the solutions was determined with a
Beckman Zeromatic pH meter.

SODIUM BOROHYDRIDE. Approxi-
mately 1% aqueous solution was pre­
pared just before use from 98+%
sodium borohydride purchased from
Metal Hydrides, Inc. Solution con­
centrations were approximated on a
weight basis-for example, 1% Na­
BH. was made by dissolving 1 gram of
NaBH.in 100 m!' of solution.

GOLD(III) CHLORIDE. Stock solu­
tions of gold chloride, approximately
0.06N, were prepared by dissolving pure
metallic gold in chlorine water and
diluting to I liter.

The O.IN solutions of copper chloride,
copper nitrate, copper sulfate, and silver
nitrate were standardized using estab­
lished procedures described in the
literature (2).

Procedure. Twenty-five-milliliter
aliquots of copper chloride, copper
nitrate, copper sulfate, and silver
nitrate were adjusted to initial pH
values of 2, 5, 7, 9, and 11. Fifty
milliliters of aqueous sodium boro­
hydride were added dropwise to each.
The reduction medium was mixed
with a magnetic stirrer and the re­
ductions were carried out in a well
ventilated hood. The metallic pre­
cipitates which formed were collected
on No. 2001 Selas crucibles, washed with
distilled water and acetone, vacuum
dried, and dissolved in nitric acid.
The solutions were boiled to expel
dissolved oxides of nitrogen and were
transferred to Erlenmeyer flasks. The
copper present was determined by the
iodine method (J). The silver was
determined volumetrically with a stan­
dard thiocyanate solution using ferric
alum as the indicator for one set of
samples, and gravimetrically as the
chloride for another set. A third set of
samples, after the reduction of the silver
by sodium borohydride, was collected
on crucibles, washed well with distilled
water, and finally with acetone, and
then dried in a vacuum desiccator.

For the study of the reduction of
gold(III) by sodium borohynride, a
set of test solutions containing Au(III)
ion were made 1.0, 0.5, and O.IN in
HOI, 1.0, 0.5, and O.IN in NaOH, O.IN
in HNO" and O.IN in NH,. For these
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• ±, the standard deviation from the mean for the 95% Confidence Limits.

Table III. Gravimetric Analysis of Reduction Products from Known Amount of
Gold(lII)

NaOH, the silver ion is precipitated
as the insoluble AgzO. The reduction
of this species takes place slowly but
completely.

The results, summarized in Table II
show that under all conditions em­
ployed, Ag(I) is converted quantita­
tively to Ag(O), and that in weakly
acidic and neutral solutions, the con­
tamination is at a level so low as to have
no significant analytical effect.

A consideration of the data in Table
II suggests a gravimetric procedure for
the determination of silver in silver salt
solutions in the absence of interfering
ions. This procedure would consist of
the addition of aqueous sodium boro­
hydride to a very weakly acidic or
neutral solution. (The statistical "t"
test indicates no reason for believing
that there is any significant difference
between the sets in the determination
of silver at pH 2, 5, and 7). The reduced
silver would be collected on Selas cruci­
bles, washed with distilled water, then
with acetone. That the product from
such a procedure can be weighed directly
as silver to give analytical results
comparable to standard methods is
apparent from the data in Table II.
By this procedure, sodium borohydride
could be used for the preparation of

pure silver and simultaneously for the
analysis of the amount of silver present.

Reduction of Gold(III). The Au
(III) reduction product digests in 1
hour to give spongy brown or black
lumps (containing yellow specks),
which form is readily filterable. When
ignited in a porcelain crucible in a
Bunsen flame, the precipitate turns
to the dull yellow color of pure gold.
The dissolved precipitates give a nega­
tive flame test for boron.

The comparative study of the
standard oxalic acid method with the
sodium borohydride method is given in
Table III. The sodium borohydride
procedure is much simpler and more
rapid than other standard methods for
determination of gold and allows wider
limits in the acidity of the reaction
medium. An important factor of the
borohydride procedure is the ease with
which the gold precipitate is digested;
it requires less than one hour as
compared to at least four hours by the
oxalic acid procedure. The oxalic acid
precipitate is very fine, almost colloidal,
and offers difficulty in filtration. One
disadvantage of the borohydride reduc­
tion is its nonselectiveness, as contrasted
to the high selectivity of the oxalic
acid as a reducing agent for Au(III).

LITERATURE CITED

(1) Furnam, N. H., "Standard Methods
of Chemical Analysis," pp. 404, 472,
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Sodium borohydride thus offers a new,
simple, rapid method for the determina­
tion of silver and gold from solutions of
Ag(I) and Au(III) ions in the absence
of interfering species-namely, the re­
duction of the element by the reagent in
dilute acid or neutral solution and the
weighing of the dried reduction
products.

The coinage metals cannot be
separated from one another using Na­
BH, according to our procedure de­
scribed in the previous publication (3)
because they are all reduced within the
limits of the pH range studied. Also,
when our procedures are employed,
cobalt, nickel, palladium, platinum,
cadmium) mercury, tin, lead, arsenic,
antimony, and bismuth when present in
solutions of the coinage metals interfere
with the purity of the reduction prod­
ucts. However NaBH, reduction
under appropriate conditions leads to
near quantitative separation of the
coinage metals from the metals listed.

Av. % Au recovered
(95% Confidence

Limits)
99.10±0.6

100.8 ± 0.2
100.7 ± 03
100.4 ± 0.3
100.3 ± 0.3
100.8 ± 0.2

Au found, mg.
1061 ± 04'

1079 ± 0.3
100.7±0.2
100.4 ± 0.3
1074 ± 0.2
108.1±0.2

Au taken,
mg.

107.1

107.1
100.0
100.0
107.1
107.1

Procedure
Oxalic acid reduction
Sodium borohydride reductions

Au(III) in 0 .IN HCI
Au(III) in O.IN HNO,
Au(III) in neutral solution
Au(III) in neutral solution
Au(III) in 0.5N NaOH

Addendum. Simultaneous Use of Beta-Particle Transmission and
Backscatter Gauges for Determining Hydrogen, Carbon, and Oxygen
Percentages in Liquids

SIR: It has come to our attention that
in our recent paper (1) we failed to
acknOWledge the prior work of Gray,
Clarey, and Beamer (2) on a similar
topic. Generally, the instruments and
techniques (2) are capable of higher

accuracy than ours, but are more
expensive and tedious.
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A Three-Column, Two-Detector Gas Chromatographic Method for the
Simultaneous Analysis of a Mixture of Fixed Gases and Hydrocarbons

Figure 1. Schematic representation af
multicolumn multidetector gas chro­
matography system

nCeH14
0.145
N.D.
0.139
0.144

nC4H w
o 144
0.144
0.142
0.141

Columns lA, 2, and 3 in series were op­
erated with a flow rate of 42 cc./minute
of helium: detector 1 was maintained
at 1200 C. and detector 2 at 1750 C.
Columns 2 and 3 were operated at
room temperature while column 1 was
held initially at room temperature and
programed ballistically to 60 0 C.
after the emergence of butane from
column 2.

RESULTS AND DISCUSSION

Figure 2 illustrates typical chromato­
grams obtained with the combined
column system and shows the separation
achieved by each of the columns.
Figure 2A was obtained when detector
1 was used to monitor the effluent of
the Apiezon "L" column in the com­
bined system. Figures 2B and 2C
illustrate the signal produced by the
measuring and reference side of detector
2. Figure 2D presents the final chrO­
matogram obtained by switching the
recorder from detector 1 to detector 2
and by reversing polarity at the ap­
propriate points. The final chromato­
gram illustrates the quality of results
and demonstrates that it is readily
possible to achieve, in a reasonable
time, a complete resolution of the
components contained in this fairly
complex mixture. The analysis may
be displayed on a single recorder
equipped with a mechanical integrator,
which is used to obtain a quantitative
analysis of this mixture. Table I
illustrates the reproducibility and pre­
cision' of an analysis achieved with the
present system for a mixture containing
equal concentrations of C,-C, hydro­
carbons.

To ensure that the retention times of
each compound are different in the
final system, some exact combination
of partitioning agent, column length,
and temperature must be determined
empirically for the analysis in question.
Because this arrangement permits
separate control of temperature in each
column and because there are only
modest synergistic effects, it is not as
difficult to achieve an optimum con­
figuration as might at first be supposed.

Reproducibility of Anolysis of Synthetic Mixture

Mole Fraction of Compound
C,H. C,H. nC,H 12
0.142 0.143 0.141
0.143 0.143 0.144
0.144 0.142 0.146
0.144 0.142 N.D.

C,H.
0.142
0.142
0.144
0.141

Table I.

C,H.
0.142
0.141
0.143
0.143

output of each detector was brought to
a switching network by which the
proper detector and polarity could be
chosen for observing a given component.
Columns 1A and 1B consisted of 25
feet of 0.19-inch i.d. copper tubing
filled with 25% w./w. Apiezon L on
40-60 mesh Chromosorb P. Column 2
consisted of 30 feet of 0.19-inch i.d.
copper tubing filled with 30% w./w.
squalane on 40-60 mesh Chromosorb P,
and column 3 consisted of 15 feet of
0~19-inch i.d. copper tubing filled
with 40-60 mesh 5A molecular sieve.
Squalane was chosen for the analysis of
lower hydrocarbons in preference to
other possible substrate materials such
as carbitol, hexadecane, dimethyl form­
amide, or dimethyl sulfolane (2) because
column bleeding is much more of a
problem with the latter materials.
Severe bleeding from column 2 would
be expected to contaminate the mo­
lecular sieve column in a short time
and rgduce its separation efficiency.
Because it has a higher' capacity for
cqntaminants, molecular sieve 13X
has been recommended for a series
column .application (7). However, in
the present study no difficulties were
encountered using molecular sieve 5A.

SIR: In a study of the photochemical
decomposition of several azo compounds
a novel gas chromatographic technique
was devised for the analysis of all the
resulting decomposition products. This
technique makes use of three columns
and two thermal conductivity detectors
connected in series. Previous investiga­
tors have utilized multicolumn methods
which incorporate sample splitting de­
vices (4, 6), backwashing of columns
(1), valve switching (3,5,8), and series
arrangements (7). The analytical
method described in this note differs
from those previously described in that
it is possible to display on a single re­
corder the analysis of a mixture con­
taining C,-C, hydrocarbons plus nitro­
gen and oxygen and to obtain quantita­
tive analytical results with automatic
integration of peak areas. Higher
boiling compounds are resolved in
short times without drastic temperature
changes during the analysis and with­
out sacrificing resolution or analytical
accuracy.

The technique uses a commercially
available gas chromatograph to which
two additional columns and a detector
are connected in series. The principle of
operation is that the dual column
chromatograph performs in its usual
manner with a column chosen for its
ability to separate the high boiling
components within a reasonable time.
The unresolved low boiling constituents
and fixed gases pass into a second
column which will separate the low
molecular weight hydrocarbons ef­
ficiently at room temperature. The
fixed gases are then passed into an
adsorption column, maintained at room
temperature, in which they are
separated and detected by the ref­
erence side of the second detector. A
block diagram of the apparatus used
appears in Figure 1.

EXPERIMENTAL

A Perkin-Elmer Model 820 gas chro­
matograph with flow controller was
modified by the installation of a sam­
pling valve equipped with a sample loop
for the injection of gaseous samples,
and a temperature controller for the
thermal conductivity detectors. The
combination of a precise temperature
controller with dual column operation
produces a stable base line during tem­
perature programming. Detector 2 was
a Burrell K2 katharometer enclosed in
an insulated oven, the temperature of
the oven being controlled by a rheostat.
Power was supplied to the W2 filaments
in this detector by a Gow Mac Model
9999 regulated power supply. The
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Figure 2. Typical chromatogams obtained wih combined column system

A Is produced by monitoring effluent from coluMn 1A, detector 1; 8 Is effluent from Column 2;
and C is the slgnol produced on the reference side of detector 2 by effluent from Column 3. figure
2D Is the final chromatogram produced by selection of the proper detector and signal polarity. The
temperature of Columns· 1A and 18 Is ballistically programmed from room temperature to 60° C.
after butane is eluted from Column 2
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The system greatly reduces the time
required for analysis of a complex mix­
ture and displays the chromatogram of
all components on a single strip chart,
eliminating the need for repeated in­
jections of 'representative aliquots of the
mixture into various chromatographic
columns with the attendant possibility
of fractionation or contamination. The
method is readily extended to other
problems whenever it is necessary to
analyze a mixture of high and low boil­
ing components plus fixed gases. The
present arrangement of the first column
to provide adequate resolution of high
boiling components within a reasonable
time, of a second column to resolve the
low boiling constituents incompletely
separated by the first column, and a
molecular sieve or other adsorption
column for the resolution of fixed gases
is thought to be the optimum arrange­
ment for a multicolumn system.

A useful variation of this method
which may be suggested is the incorpora­
tion of a flow reversal valve following
detector 2 so that the direction of helium
flow in the system may be reversed
overnight. The use of such a flow
reversal valve with moderate heating of
the molecular sieve column would have
the effect of eluting high boiling com­
ponents from the molecular sieve and
squalane columns by backwashing,
so that it should not be necessary with
such an arrangement to recondition the
column. Although we have used the
present arrangement for some months
without the necessity of reconditioning
the columns, it is certain that the
simple system which we have used will
ultimately require a conditioning treat­
ment.

A variation of this procedure, in­
vestigated in the course of developing
the technique, was the incorporation
of a four-way flow switching valve
between column lA, IB and 2. After
air and the lower hydrocarbons had
entered the second column, this valve
was switched to vent the high boiling
components after they had passed
through the first column. To eliminate
base line instability as a result of flow
changes, a restriction was placed in the
vent line to match empirically the back
pressure produced by the other two
columns. This modification proved to
be quite satisfactory for qualitative
analysis. However, the relative calibra­
tion factors are quite sensitive to flow
rate in the detector at the time that a
particular component is emerging, and
the intermediate flow switching pro­
cedure proved unsatisfactory for quanti­
tative work.
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Purification of Hexamethylbenzene by Zone Refining and
Determination of Its Melting Point

Table I. Purity Data for Hexomethylbenzene

0.205
0.093
0.062
0.072

The space containing the sample
could be evacuated to a dynamic
vacuum of about 1 mm. Hg. A positive
pressure of about 6 em. Hg of purified
nitrogen was maintained over the
sample during all runs.

The whole apparatus was immersed in
a stirred thermostat whose temperature
could be controlled to ±0.5° C. at any
desired temperature below that of the
melting range.

Temperatures were measured with a
platinum resistance thermometer
previously calibrated in this laboratory
at the ice, steam, and sulfur points as
discussed by Moessen (7). The equa­
tion of Hoge and Brickwedde (3) was
used to compensate for deviations of
0.01 ° and 0.02° C., respectively, in the
values of the ice and steam points from
those of the original calibration.

The sample for the purity determina­
tions of the purified material, weighed
42.4 grams (about 25% of the total
charge) and was a mixture of two see­
tions of the column of "pure" material
symmetrically located with respect to
the middle, so that it would give a value
representative of the entire pure sample.
The results (Table I) show that the
unpurified hexamethylbenzene con­
tained 0.26 mole % impurity, and that
the impurity present in the product was
0.1 mole %. The mole fraction of
impurity was calculated as outlined by

Mole % impurityo
0264 ± 0.020
o 120 ± 0.009
0.080 ± 0.007
0.093 ± 0030

Initial
freezing

point,
t, (OC.)

165.576
165644
165.693
165.659

the form of a continuous ingot. The
zone purification process was carried
out four times in a nitrogen atmosphere
with a zone travel rate of 60 mm. per
hour. At this rate of travel the contents
of the tube separated into well defined
regions during the first pass with a gap of
about 20 mm. between each, thus allow­
ing room for expansion in the second
pass. After the fourth pass these sec­
tions had united so that a fifth pass was
not attempted.

Because hexamethylbenzene has a
vapor pressure of about 50 mm. Hg at
the melting point (5), the freezing point
determinations must be done in a closed
system. The upper part of the inner
wall of the double-walled borosilicate
glass vessel which contained the sample
was ground, to provide a means for clos­
ing the apparatus with a mating ground
joint which formed part of the cap.
The cap itself was provided with a
ground joint, to provide entry for the
thermometer, and a pumping exit.
The stirrer shaft entered the apparatus
through a stuffing box, containing two
Teflon washers, which was soldered on
to a Kovar seal whose glass end formed
part of the cap. This gastight seal per­
mitted free reciprocal motion of the
shaft, with the aid of a constant speed
motor and suitable cams. Teflon sleeves
over the male half were used instead of
grease to seal both ground joints.

Sample
(detn. no.)

Unpurified (I)
Purified (I)
Purified (2)
Purified (3)

to' (OC.)

165 781 ± 0.016
165.757 ± 0.007
165.755 ± 0.005
165.731 ± 0.023

Av.165.75 ± 0.02
G Average of 6 values calculated from fraction frozen. R.m.s. error given for each.
b Lowering of initial freezing point due to calculated amount of impurity.
c Freezing point of absolutely pure compound, given by t} + ..1t. R.m.s. error given

for each, and for average.

SIR: For heat capacity and vapor
pressure measurements, it has been
necessary to prepare as pure a sample of
hexamethylbenzene as possible (1).
We have prepared a sample of hexa­
methylbenzene with 0.1 mole %
impurity by zone melting and have
determined its melting point by modern
procedures. An apparatus has been
developed which allows purity deter­
minations to be made by the melting
point method of Mair, Glasgow, and
Rossini (6) at temperatures above
150° C. with a precision roughly com­
parable to that obtained at room
temperature. With this apparatus the
purity of the starting material and the
purified sample was determined. We
were thus able to estimate the melting
point of the ideally pure compound.

Melting points cited elsewhere, along
with the method of purification, are:
164° C., fractional crystallization from
ethanol (4); 165° C., recrystallization
from benzene (8); 164.8 ± 0.1 ° C.,
recrystallization from benzene after
recrystallization from chloroform and
ethanol three times (5); and 165.5° C.,
fractional crystallization from ethanol
(9), as compared with our lowest initial
freezing point of 165.644° C. for the
purified compound. The discrepancies
in the values, along with the difficulties
in purifying this compound and in
determining its melting point, make it
desirable to report our results at this
time.

The apparatus used for the purifica­
tion was similar to the one described
by Herrington, Handley, and Cook (2).
Because of an increase in specific volume
on melting, as well as at the second-order
transition at 110° C., the specific
volume of liquid hexamethylbenzene at
the melting point is about 23 % greater
(8) than that of the solid at room
temperature. For this reason the usual
procedure of zone refining resulted in
breakage of the glass tube. The
purification was therefore begun with
hexamethylbenzene packed tightly in
a borosilicate glass tube, rather than in
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Mair, Glasgow, and Rossini (6) using
4930 cal./mole for the heat of fusion.
These results, along with the initial
freezing points, give the melting point
of pure hexamethylbenzene as 165.75 ±
0.02° C.

The uncertainty arises mainly from
discrepancies in the initial freezing points
(column 2, Table I) and to some extent
from the uncertainty in the total time
required for complete crystallization,
from which the fraction frozen at any
time was calculated.
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Factors Affecting the Selection ,of a Cobalt Analysis Line
for Atomic Absorption Spectrometry

4234.0 ND 3082.6 ND 2424.9 75.2
4190.7 ND 3044.0 17.5 2407.2 58.1
3909.9 ND 3013.6 ND 2384.9 ND
3526.8 9.5 2989.6 5.2 2365.1 ND
3474.0 4.2 2987.2 3.4 2309.0 4.5
3465.8 7.0 2928.8 ND 2295.2 4.0
3412.6 10.3 2521.4 68.6 2274.5 2.2
312\.4 ND 2435.8 27.3 2174.6 ND

B. Non-ground state transitions

3575.4 3.8 3453.5 10.0 2439.0 12.6
3533.4 ND 3442.9 3.6 2432.2 42.2
3529.0 3.0 3431.6 4.2 2419.1 1.5
3513.5 5.2 3405.1 6.0 2415.3 28.8
3506.3 4.2 2536.0 16.0 2411.6 59.6
3502.3 3.5 2529.0 26.4

Cobalt solution = 50 p.p.m. Slit width = 0.10 mm.
ND = not detectable HCT current = 18 mao

RESULTS AND DISCUSSION

Cobalt exhibits a line rich spectrum
in both emission and absorption. Table
I shows the relative absorption of both
ground state and non-ground-state
transition lines of cobalt (7) for a 50-

slot atomizer-burner (Perkin-Elmer
Corp., Norwalk, Conn.) assembly
was operated at the following condi­
tions: 2.2 liters/minute acetylene,
7.1 liters/minute ,··atomizer air, and
10.9 liters/minute .auxiliary air. The
sample uptake rate was 7.0 ml./minute.
A D.C. solenoid shutter system mounted
on the adjustable 'slit in front of the
tube allowed the hollow cathode radia­
tion to be cut off. An HTV R106
photomultiplier tube was used as the
detector in the Model 139 photomulti­
plier attachment. The readout device
was the direct reading meter on the
spectrophotometer. A Heath EUW­
20A potentiometric recorder was also
used as a readout for some measure­
ments.

p.p.m. solution. There are eight lines
which show an absorption greater than
25% and could prove reasonably useful
in atomic absorption cobalt determina­
tions in the range of (}-100 p.p.m. The
2424.9 A., 2521.4 A., 2411.6 A., and
2407.2 A. lines would be suitable for
analyses at the low p.p.m. range. The
complexity of the cobalt hollow cathode
emission spectrum necessitates the use
of narrow slits to avoid the inclusion of
radiation other than the analysis line.
The absorption values shown were
determined under conditions which do
not represent maximum sensitivity and
could be "improved if necessary for
specific determinations.

Working curves were prepared for
several cobalt absorption lines to
determine their linearity over a partic­
ular concentration range. Figure 1
shows working curves run at a hollow
cathode tube current of 25 mao Most of
the lines show a pronounced curvature

%
Absorption

Absorption of Selected Cobalt Lines
Wavelength % Wavelength

A. Ahsorption A.

A. Ground state transitions

Table I.
%

Absorption
Wavelength

A.

SIR: Information available in the
literature concerning cobalt investiga­
tions by atomic absorption spectrom­
etry has been generally limited to the
evaluation of detection limits and ana­
lytical methods. Allan (1, 2), Gate­
house and Willis (5), and McPherson,
et al. (6) indicate the 2407.2 A. line as
the most sensitive analysis line. Fuwa
and Vallee (4) established very low
detection limits for cobalt using the
2424.9 A. line. Robinson (9) listed
detection limits for three relatively low
absorbing lines, the strongest of which
was 3529.0 A. in an oxycyanogen flame.
Menzies (8) found the 3533.4 A. line
best suited to his apparatus.

A study of several cobalt absorption
lines indicates the proper choice of
analysis line to be influenced by experi­
mental parameters. The factors con­
trolling such selection are discussed with
respect to atomic absorption variables.

EXPERIMENTAL

Reagents. The cobalt stock solu­
tion was prepared from reagent grade
CoCI,·6H,O dissolved in distilled
water. Working concentrations (0­
100 p.p.m.) were obtained by ap­
propriate dilutions.

Apparatus. The atomic absorption
unit was a D.C., single beam system
assembled from a Hitachi-Perkin­
Elmer Model 139 spectrophotometer
and an optical bench containing the
atomizer-burner, hollow cathode source,
and associated equipment. The West­
inghouse WL 22814 cobalt hollow
cathode tube was powered by a Kepco
Model ABC 425M 0.05% regulated
D.C. power supply (Kepco, Inc.,
Flushing, N. Y.), operated in the con­
stant current configuration (Kepco
Instruction Manual, Model ABC
425M). A small beam, constricted by
adjustable slits on each side of the
burner, was collimated prior to passage
through the flame and then focused on
the monochromator entrance slit with
bi-convex quartz lenses. A 10-cm.
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past 50 p.p.m. In the case of the 2407.2
A. line, the severe deviation from
linearity arises from the presence of an
adjacent interfering line which is too
close to allow resolution with the mono­
chromator employed in this study.
David (3) also mentions interference
from this line. Reduction of. the slit
width to 0.022 mm., which corresponds
to a spectral band pass of approximately
0.5 A., fails to provide sufficient res­
olution to correct the nonlinearity of
the working curve. The 2424.9 A. and
the 2521.4 A. lines are of comparable
sensitivity, but the latter shows some­
what greater linearity. The 3044.0 A.
line, though of low absorption strength,
produces a nearly linear working curve
which might be suitable for those cobalt
determinations in which high sensitivity
is not a major requirement.

Figure 2 shows the change in absorb­
ance produced by varying the hollow
cathode tube current from 10 to 30 mao
Four of these lines show a relatively
small increase in absorbance as the tube
current is decreased and the emission
line width becomes more narrow. The
sensitivity of the 2407.2 A.line, however,
is considerably altered, particularly in
the region from 10 to 20 mao This is
possibly due to an increase in I AdI1L

with a decrease in current, where I AL

is the intensity of the 2407.2 A. analysis
line and I 1L is the intensity of the un­
resolved interference line, possibly the

2407.7 A. cobalt line..., Absorption
measurements taken with: a 500-p.p.m.
cobalt solution, a concentration suf­
ficient to absorb essentially all of the
2407.2 A. radiation, show 55% of the
incident radiation unabsorbed at 30
ma., while only 19% remains un­
absorbed at 10 mao

The most sensitive analysis would
suggest the use of the 2407.2 A. line at a
very low current, narrow slit width, and
an analysis concentration of less than
50 p.p.m. However, since cobalt does
not show particularly strong hollow
cathode emission at such low currents
and slit width; the line emission in­
tensity from the hollow cathode tube
may be so low as to make stable and re­
producible measurements difficult to
obtain. It may be advantageous to
increase the tube current to a point
where the signal-to-noise ratio is more
favorable, if maximum sensitivity is not
required. At these higher currents
(above 15 ma.) the sensitivity of the
2407~2 A.' line is less than that of
certain other lines (Figure 2). Further­
more, since the sensitivities of these
Jines are' not as dependent on tube
current, the emission intensity from the
hollow cathode tube may be increased
with the sacrifice of only a small amount
of absorption. The greater linearity of
the 2521.4 A. and 3044.0 A. lines may
be of considerable importance if the
concentration of the cobalt analysis

solutions may vary over a range such
as 10-100 p.p.m. The sharp curvature
of the working curves of several of the
analysis lines would make determina­
tions in the range above 50 p.p.m. quite
difficult. The 3044.0 A. line appears to
be very suitable for analyses where
high sensitivity is not required. How­
ever, this emission line is rather weak
from the hollow cathode tube. There
is also more flame background around
this line which wquld require compensa­
tion in D.C. systems and which might
introduce photomultiplier noise even in
modulated instruments.
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Potentiometric Quantitative Determination of Sodium Aminoethylthio­
sulfates and Aminoethylthiosulfuric Acids

SIR: The protective utility of
tl-aminoethylthiosulfuric acid against
ionizing radiation has been established
(3). The physiological investigation of
this radio-protective effect of the acid
and its derivatives requires analytical
methods for assaying these compounds.

Heretofore, no simple analytical
methods have been applied to amino­
ethylthiosulfuric acid or sodium amino­
ethylthiosulfate determinations. Saville
(6) devised an analytical method which
involves oxidation with bromine water
to the corresponding sulfonyl bromide,
followed by reaction with cyanide,
giving cyanogen bromide which is
estimated colorimetrically. Thiols, di­
sulfides, thiocyanates, and related com­
pounds interfere. Displacement of
sulfite from thiosulfuric acid by cyanide
or thiol has been studied as a possible
method for quantitative estimation of
the thiosulfate group, but yields of
sulfur dioxide greater than 80% could
not be obtained (4). No references to
aminoethylthiosulfate analyses were
found.

The feasibility of titrating these com­
pounds in nonaqueous solvents (2)
has been investigated and new, ac­
curate analytical methods for the
quantitative determination of these
compounds have been perfected. The
thiosulfuric acid group is too weakly
acidic for aqueous titration but the
proton can be titrated effectively in
pyridine solvent. The anion of sodium
aminoethylthiosulfates is too weakly
basic for aqueous titration, but the
anion can be titrated effectively in eth­
ylene glycol solvent. The titrations are
standard procedures for weak acids (1)
and acid salts (5) but have not been
heretofore applied to aminoethylthio­
sulfuric acid derivatives.

EXPERIMENTAL

Modified Reference Electrode. A
Beckman sleeve-type calomel elec­
trode containing methanol saturated
with KCl was used.

Preparation and Standardization
of O.lN Tetrabutylammonium Hy­
droxide. Prepare the titrant pre-

cisely as directed in reference (1). Stand­
ardize the titrant by potentiometric
titration of benzoic acid.

Preparation and Standardization of
O.lN HelO.. Dissolve 7.2 ml. of
perchloric acid (72%) in ethylene
glycol and dilute to 1 liter. Stand­
ardize the titrant by potentiometric
titration of a 10-ml. aliquot of stand­
ard O.IN NaOH.

Analytical Procedure for Amino­
ethylthiosulfuric Acids. Accurately
weigh a sample which will require a
titration of 2 to 10 ml. into a 250-ml.
beaker. Add a few drops of water to
dissolve the sample. Add pyridine
solvent (50 ml.) and titrate poten­
tiometrically with standard 0.1N
tetrabutylammonium hydroxide. Pyri­
dine contains acidic impurities and a
blank titration is necessary.

Analytical Procedure for Amino­
ethylthiosulfates. Accurately weigh
a sample which will require a titration
of 2 to 10 ml. into a 250-ml. beaker.
Add a few drops of water to dissolve
the sample. Add ethylene glycol
(50 ml.) and titrate potentiometrically
with O.IN HClO. in ethylene glycol, as
in the above procedure. Blank correc­
tions are unnecessary.

RESULTS AND DISCUSSION

These procedures were applied to
several compounds and the data are
given in Table 1. Compounds 1 through
10 were titrated with the standard base.
Compounds 11 and 12 were titrated
with the standard acid. The purity
factors indicate that these two potentio­
metric titration techniques are adequate
for assay of aminoethylthiosulfuric acid
derivatives. The poorer results with
compounds 8 and 10 are expected from
the sulfur microanalyses; although the
carbon, hydrogen, and nitrogen micro­
analyses of compounds 8 and 10
checked, the sulfur analyses indicated
that contamination was present.

Acidic impurities, neutralized at
potentials similar to thiosulfuric acid,
interfere and must be removed. The
most likely contaminants in this pro­
cedure are mercaptans from thiosulfate
reduction, and these do not interfere.
The difference in equivalence potential
between mercaptans and thiosulfuric
acids was 200 mv., the mercaptan being
a weaker acid. The simultaneous de­
termination of mercaptans and thio­
sulfuric acids is readily possible by
this titrimetric procedure.

Thymol blue has the same equivalence
point as thiosulfuric acid, and the titri­
metric procedure is simplified by using
two drops of 0.3% thymol blue in iso­
propyl alcohol as a visual end point
indicator. The visual end point, how-

0.1648 0.1650 100.1
0.0793 0.0783 98.7

0.0934 0.0924 98.9
0.1090 0.1087 99.7

0.0916 0.0922 100.6
0.1018 0.1016 99.8

0.0639 0.0645 100.9
0.0554 0.0555 100.2

0.0670 0.0679 101.3
00696 0.0701 100.7

0.0408 0.0416 102.0
00535 0.0549 102.6

0.0141 0.0156 110.6
0.0172 0.0189 109.9

0.0337 00335 99.4
0.0529 0.0531 100.0

23.3 23.5

27.7 27.9

29.8 30.0

24.5 24.8

29.8 29.9

31.9 32.0

Compound

1. NH,CH,CH,S,O,H

2: HOCH,CH,OCH(OH)CH,NHCH,CH,-
S,O,H

3. HOCH,CH(OH)CH,NHCH,CH,S,O,H

4. CH,CH(OH)CH,NHCH2CH,S,O,H

5. (HOCH,J,C(OH)CH,NHCH2CH,S,O,H

6. HOCH,CH,CH,NHCH,CH2S,O,H

7. HOCH,CH,NHCH,CH,S,O,H

10. HOCH,CH,OCH,CH,NHCH,CH,NHCH,-
CH,S,O,H· C.H.O. 15.9 14.9 0.0237 0.0258 108.9

0.0210 0.0231 110.0

11. HOCH,CH,CH,NHCH,CH,NHCH,CH,-
S,O,H· C.H,O, 15.7 15.8 0.0770 0.0753 97.8

0.0546 0.0529 967

12. NH,CH,CH,S,O,Na 0.1031 0.1030 999
0.1573 o 1580 100.4
0.1235 0.1241 100.5

Table I. Analysis for Aminothiosulfuric Acid Derivatives

Microanalysis
S S Potentiometric titration

calcd., found, Grams Grams Purity,
% % added found %

0.2652 0.2660 100.3
0.2712 0.2709 99.9

9. HOCH,CH,OCH,CH,NHCH,CH,S,O,H 26.1 26.1

8. HOCH,CH(OH)CH(OH)CH,NHCH,CH,-
MH H5D7
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ever, is less precise than the potentio­
metric end point (±0.05 ml. vs. ±0.01
mI.).

There is one class of aminoethylthio­
sulfates which cannot be acid-titrated
in ethylene glycol. The N -acetyl and
N-formyl derivatives of aminoethyl­
thiosulfates were neutral salts in
ethylene glycol, and hence could not be
assayed by titration.

These titrations are now performed on
a routine basis in this laboratory to
assay research quantities of these com­
pounds.
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Amperometric Titration of Primary Amides

aqueous HCI so that the final solution
was ~IM in HCI and 20% diox·ime.
The applied potential was set to
+0.4 volt V8. S.C.E., anci. the calcium
hypochlorite titrant was added in
O.S-ml. increments. The resulting
current readings were taken after the
addition of each increment of titrant,
corrected for dilution, and plotted
against volume of titrant. The best
straigh t lines were drawn through the
experimental points, and the inter­
section of these two straight lines was
taken as the end point.

RESULTS AND DISCUSSION

The results of the titration of a
number of primary amides are given in
Table I. Although these results were
obtained with a 0.5-mmole sample of
amide, as small a sample as 0.05 mmole
was titrated with 0.05N calcium hypo­
chlorite with only a slight decrease in
accuracy and precision. The time re­
quired to complete a titration was
about 10 minutes.

The reaction utilized in this procedure
is the N-chlorination of the primary
amide in 1M hydrochloric acid with a
chlorinating agent produced by the
addition of calcium hypochlorite. The
exact nature of the chlorinating agent,
however, is not known, and it is probable
that both chlorine and protonated

Benzamide
0-Toluamide
p-Toluamide
Acetamide
Propionamide
n-Butyramide

8
9
5
6
3
3

o
II

R-C-NH, + H,OCI +-

o H
II /

R-C-N + H,O+

"­CI

hypochlorous acid may be in volved
The sequence of reactions suggested is:

OCI- + H+ - HOCI

HOCI + H+- H,OCI+

HOCI + Hel - CJ, + H,O

o
II

R-C-NH, + CI,-

o H
II /

R-C-N + HCI

"-CI

Undoubtedly chlorine is the pre­
dominant chlorinating species when
hydrochloric acid is used, because the
reaction between hypochlorous acid and
hydrochloric acid is rapid (l). How­
ever, similar titrations were performed
using IN sulfuric and IN perchloric
acids instead of hydrochloric, and
identical titration results were obtained
even though the rate of chlorination wa~
markedly slower than when hydro­
chloric acid was used. Because the
calcium hypochlorite titrant contained
an appreciable amount of free chloride,
chlorine is probably still the major
chlorinating agent, but the protonated
hypochlorous acid may be involved also.

The excess chlorinating agent slowly
decomposes after the end point of the
titration has been passed. The rate of
decomposition of 1M hydrochloric acid
is approximately 1% per minute. A
number of methods were attempted to
stabilize the chlorinating agent, but
none was successful. For example, if

Amperometric Titration of
Primary Amides

Av.
apparent Std.

No. of purity, dev.!
trials % %

99 6 0.6
100.6 0.9
97 0 0.6
99.6 1.3

100.0 0.7
100.4 0.5

Amide

Table I.

SIR: In an earlier paper (2) a method
was described for the spectrophoto­
metric titration of primary aliphatic
amides with hypobromite in basic
solution. Although this procedure is
satisfactory for aliphatic amides, it can­
not be used for the analysis of aromatic
amides because of the instability of the
primary reaction product, the cor­
responding aromatic N-bromamide, in
basic solution. The decomposition
products of the N -bromamide are
rapidly oxidized by hypobromite, and
no suitable end point can be found.

This communication deals with a new
titrimetric procedure for amides which
can be utilized for the analysis of both
aliphatic and aromatic amides. The
sample of amide is dissolved in a
dioxane-water mixture which is 1M
in hydrochloric acid, and titrated with a
standard solution of calcium hypo­
chlorite using an amperometric end
point.

EXPERIMENTAL

Reagents and Apparatus. An ap­
proximately 0.5N solution of calcium
hypochlorite was prepared by dis­
solving reagent grade calcium hypo­
chlorite in water, followed by filtra­
tion to remove solid calcium car­
bonate. The solution was standard­
izediodometrically. No change in
titer was evident over a I-month
period, in contrast to that evident
with the more dilute solution used
previously (2).

The amides used were of the highest
purity obtainable from commercial
sources and were used without further
purification.

The amperometric titration apparatus
consisted of a dry cell potential source,
a divider, an RCA Model WV-84B
microammeter, a Leeds and Northrup
pH meter, a rotating platinum elec­
trode, and a saturated calomel electrode.

Procedure. A 25-ml. aliquot con­
taining 0.5 mmole of amide in dioxane
was diluted to exactly 150 ml. with
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the solution being titrated is made 12M
in chloride ion, the decomposition rate
is diminished to 0.3% per minute, but
almost no chlorination of benzamide
was noticed after 30 minutes. Bromine
was also substituted for chlorine, but no
N-bromination was noticed in a reason­
able time period.

The following technique was then
developed to eliminate errors due to the
slight instability of the chlorinating
agent. A direct titration was carried
out, but the first experimental point
after the end point was taken with only
a slight excess (usually about 25%) of
hypochlorite. The remaining points,
which determined the second segment of
the titration curve, were then assumed
to be constant if the current decreased
less than lila. per minute.

This procedure can be used success­
fully for primary aliphatic amides and

for aromatic amides which are not sub­
stituted or which are substituted only
with alkyl groups. The presence of
other functional groups substituted on
the aromatic ring in general causes inter­
ference in the determination of the
amide group. Electron-withdrawing
groups such as nitro and carboxyl
reduce the rate of N-chlorination, and
also adversely affect the equilibrium
constant. Electron-donating groups
activate the ring so that chlorination of
the ring takes place readily, and the
exact stoichiometry of the titration
reaction becomes uncertain. In
addition, substituted groups such as
amino, carbonyl, and hydroxy are
easily oxidized by hypochlorous acid in
the titration medium.

Preliminary experiments indicate that
a possible solution to this problem of
interference by ring substituents is

exhaustive bromination in acid solution.
If the unknown sample is treated with
bromine, most of the ring sites which
would ordinarily be chlorinated during
the titration are brominated. Also,
easily oxidizable groups are oxidized by
the bromine, and the excess bromine can
then be driven off by heating. Under
these conditions bromination on the
amide nitrogen does not take place.
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Determination of Adsorbed Ethylene a nd Propylene Oxides
by Distillation and Titration

Propylene oxide in polyethylene;
2-gram samples

1.0 0.0 100,0
1.1 0.0 100,0
3.5 0,0 1000
3.8 0.0 100.0

87.5
88.0
92.1
89.4
91.2
89.0
91.7
94.2
93,4
88.9
88,9

100.0
96.1
97.8
98.6
96.7
96.1
95.5
97.9
97.2
96.6

2-gram samples
100.0
102.7
99'.4

100.4
99.4
99,0

101.5
100.4

1.8
5.0
9.6

12.8
19.9
22.1
26.6
31.5
54.5
68.7

Ethylene oxide in gum rubber;
2-gram samples

0.7 0.1
1.2 0.1
4.8 0.4
5.2 0.6

16.1 1.4
18.6 2.0
26.4 2.2
58.6 3.6
69.7 4.6

(18,5)" 2.1
(11.8) 1.3

a 5-gram samples.

Table I. Epoxide Recovery

Adsorbed Unrecovered Recovered,
(mg.jgram) (mg.jgram) %

Propylene oxide in gum rubber; 2-gram
samples

0.0
0.2
0.2
0.2
0.7
08
1.2
0,9
1.5
2.2

Propylene oxide in tygon;
1.4

12,9
14.5 0.1
17,0
24.8 0.2
39,3 0.4
52.3
63.4

EXPERIMENTAL

Apparatus. The apparatus used
were as follows: a 250-ml. round­
bottom flask with 24/40 ground joint;
a 300-mm. West condenser with 24/40
ground joints; a 75' connecting tube
with 24/40 joints; a 1050 adapter tube
with 24/40 joint; a 75-ml. collecting
flask; and a 250-ml. heating mantel
with voltage regulator.

Procedure. Place an accurately
weighed 2-gram sample of the adsorb­
ent in the distilling flask with 2-3 glass
beads and add 100 m!' of mono­
chlorobenzene; apply apiezon "Q"
wax to the glass joints. Add 15 ml.
of glacial acetic acid to the receiving
flask, and connect the apparatus with
the tip of the condenser adapter tube
covered by the glacial acetic acid in
the receiving flask. Set the voltage
regulator at 75 volts and distill until
one half of the monochlorobenzene has

bents would take place during the dis­
tillation. Recovery studies were made
by exposing the materials to pure ethy,
lene and propylene oxides, weighing
the amount adsorbed, and subsequently
determining the epoxides by this pro~

cedure. Consistently low values were
obtained, and the amount of un­
recovered epoxide from each adsorbent
followed the expected pattern in terms
of individual adsorbent reactivity; in
all cases, the value was minimal.
Blank distillations and titrations were
conducted on unexposed samples of
the same size to determine the reagent
and indicator values and to compensate
for any volatile reactant originally in
the material. All such values thus
obtained were found to be consistent
and minimal for each adsorbent studied.

SIR: A modified method for deter­
mining adsorbed volatile epoxides that
is both simple and rapid has been
developed. Such epoxides are not
directly titrateable, due to very slow
elution into the titrating medium and
obscure end points. Mechanical prep­
aration of the sample such as grinding
or shredding does not materially im­
prove this condition; it provides
error through loss of the adsorbed
volatiles during preparation and does
not eliminate the obscure end points.
Since hydrogen bromide reacts virtually
instantaneously and the elution is of a
physical rather than a chemical nature,
other reactants-as in the method of
Jay (3)-likewise do not make direct
titration feasible. Methods using excess
reactant with back-titration as in the
procedures by Schecter, Wynstra, and
Kurkjy (4) and Durbetaki (2) are also
inadequate because of the prolonged
elution and hence reaction time, and
the varied interferences found with the
different adsorbing materials. Current
methods generally elute the epoxide by
aeration and bubbling through a react­
ing solution; such techniques are time
consuming and awkward to handle.

In this method, adsorbed epoxides
are released from the adsorbing material
by distillation in monochlorobenzene,
collected in a receiving medium, and
titrated with a standard hydrogen
bromide solution, using crystal violet
as an indicator, as in the method by
Durbetaki (1).

Because ethylene and propylene
oxides are known to be quite reactive,
it was anticipated that a reaction
between these epoxides and the adsor-
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distilled over. Smooth, semirapid, and
consistent distillation (approximately
20 minutes) is essential.

Rinse the adapter. tube with 10 mL
of monochlorobenzene and titrate the
distillate with the O.lN hydrogen bro­
mide in glacial acetic acid, using 0.1%
crystal violet indicator in glacial acetic
acid.

Calculations: Milligrams of epoxide
recovered per gram of sample material =

ml. HBr X N X E.W.
wt. of blank sample

Refer to calibration graph for total
absorbed epoxide.

Notes. The condenser is air cooled.
Glassware must be scrupulously

clean and dry; do not use other glass
joint lubricants.

Glacial acetic acid is used in the re­
ceiving flask to prevent obscure end­
points caused by traces of moisture in
the sample. Small amounts of moisture
do not otherwise interfere except for
increased blank titers.

For each different material that is
tested for epoxide, it is necessary to
determine blank values.

Calibration. Several 2-gram sam­
ples of the adsorbent in question are
exposed to the pure epoxide in a
disiccator, for different lengths of
time, to adsorb varying quantities of
gas and are weighed to determine the
amount of gas adsorbed in each. A
minimum of three samples, and pref-

erably five or six, should be run,
covering the complete range of the
expected epoxide concentration. The
amount of epoxide recovered (a blank
determination is run on several un­
exposed samples, and this average
value subtracted from the value found
on exposed samples is the amount re­
covered) from each sample by distilla­
tion and titration is then plotted against
the amount adsorbed as determined by
weight. In subsequent determinations
then, the total adsorbed epoxide is
found by referring the amount recovered
to this calibration graph.

RESULTS AND DISCUSSION

The unrecovered epoxide is presumed
to be due to a reaction between the
adsorbed epoxide and .the adsorbent
during distillation; the reaction product
thus formed (unrecovered epoxide in
milligram per gram of sample) increases
with the epoxide concentration and is
dependent on the nature of a given
adsorbent. With controlled distillation
for a specific period of time, recovery
from the different adsorbents was con­
sistent over a wide range of concentra­
tion, and with the construction of a
calibration graph, is considered to be
complete. Relative standard deviations
for the determinations of ethylene and
propylene oxides in gum rubber are
2.2% and 1.3%, respectively. Devia­
tion in less reactive adsorbents is
smaller. The detection limits of ethy-

Table II. Blank Determinations (calcd.
as ethylene oxide)

mg.jgram found; 2-gram samples

Polyethylene 0.2
0.2
0.2
0.2

Rubber 0.4
0.3

. 05
(0.9)"
(0.9)

Vinyl 0.1
0.2

II 5-gram samples.

lene and propylene oxides are 0.04 mg.
and 0.06 mg., respectively. Data are
presented in Table 1.

Table II gives the values obtained on
conducting blank distillations and titra­
tions.
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New Method for Determination of Hydrocarbon-in-Water Solubilities

Edward J. Farkas.' Department of <:hemical Engineering, Massachusetts Institute of Technology, Cambridge, Mass.

I N CONNECTION with a study of the
bubble column slurry reactor (2),

data on solubility of cyclohexene in
water at room conditions became
necessary. No results were found in the
literature. Published experimental'
methods applicable to hydrocarbon­
water systems either required complex,
expensive equipment or were suitable
only for compounds much more soluble
than cyclohexene. Against this back­
ground, a new method was developed
as part of the reactor work. This
technique requires only commonly avail­
able, inexpensive apparatus and yet is
suitable for determination of extremely
minute solubilities of hydrocarbons in
water.

During preparation of this report, the
literature was thoroughly rechecked

1 Present address, Esso Research 'and
Engineering Co., Florham Park, N. J.

for solubility methods applicable to
gas-liquid and water-hydrocarbon
systems. Among the additional ref­
erences obtained were disclosures (8, [)
of two methods of sample preparation
similar to the one described. However,
to the best of the author's knowledge,
the new method as an entity has in no
sense been anticipated in the literature.

Apparatus. The apparatus used
in the reactor study and in the solu­
bility work consisted of a vertical
borosilicate glass tube (height, 4 ft.;
diameter, l.inch) with a fritted glass
disk sealed in at the bottom. This
apparatus, jacketed for temperature
control, was filled with water (or
other solvent of interest). A carrier
gas was .supplied continuously to a
bubbler filled with cyclahexene (or
other solute). The resulting gas-vapor
mixture was dispersed into the reactor
through the fritted disk. After a
suitable period, the flow was diverted

from the reactor. When all bubbles
had risen through the column, a sample
bulb was connected to a side line (see
Figure 1).

This means of preparation of a satu­
rated solution also served to quanti­
tatively remove dissolved air and/or
other foreign gases. In a number of
other published solubility methods,
there is always a question as to whether
this removal has been completed.

During the operation, valve a (Figure
I) had been closed and remained so.
Valve b was opened and the space
between valves a and c was evacuated.
Valve c was then closed and valve a
opened; a sample of volume v, was then
drawn from the reactor. Valves a and
b were closed. The bulb was dis­
connect.d and alternatively shaken and
placed in the same water bath from
which the jacket of the reactor was
supplied. After several repetitions to
ensure equilibrium, and while still in
the bath, the bulb was connected to an
inclined closed-end mercury manometer.
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Reactor

Detail of atrangemerl; fOt" pressure measurement

The space between valve b and the top
of the mercury column was evacuated.
Valve b was then opened to the man­
ometer. The total pressure Pn in the
bulb before opening was obtained from
the manometer reading and a calibra­
tion of the volume of the connection
between valve b and the top of the
mercury column as a function of the
man8meter reading.

In addition to the bulb pressure, it
was necessary to know the vapor pres­
sure P,° of the solute at the bubbler
temperature, the bubbler total pressure
Po, the volume v, of liquid in the bulb,
the volume Vo of gas-vapor mixture in
the bulb, the solubility of the carrier
gas in the solvent at the reactor tem­
perature T, and the vapor pressure PI°
of the solvent at T. From this in­
formation it was possible to calculate
the solubility of cyclohexene in water.
A development of the relationships
employed follows.

'/
Ball and socket

Cl)Ilnection

THEORY

The reactor was operated at ap­
proximately atmospheric pressure. For
this mild condition, it was assumed that
the hydrocarbon vapor would follow a
Henry's law solubility expression

Fritted Disc

Gas Supply

Figure 1. Schematic diagram af apparatus for de­
termination of solubility of vapors and gases in liquids

(1)

Here the vapor is taken to be com­
ponent i, and Ci is the concentration of
component i in a liquid phase at equilib­
rium with a vapor phase in which the
partial pressure of component i is p,.
The Henry's law constant is Mi. Of
course this expression would hold only
for the region

(2)

where p,° is the vapor pressure of the
hydrocarbon at the temperature under
consideration. Equation 1 was also
assumed to apply to the carrier gas.

From the values of p,o, Po, and Plo

it was possible to calculate the partial
pressure pi, of each component i (i = 1
for solvent, i = 2 for carrier, i = 3 for
solute) in the gas-vapor mixture leaving
the reactor during the saturation pro­
cess. According to Equation 1, the
amount of carrier or of solute in the
sample was p"v,/Mi. After the new
equilibration in the sample bulb, each
material was distributed between the
vapor and liquid phases present. If the
partial pressure of component i in the
volume v, was P'" then the amounts in
the two phases were, respectively,
pi,v,/R,T and p"v,IM" where R, is the
gas constant. Then by material balance

pi,v,/M, ~ p"v,/R,T + p"v,IM, (3)

i = 2,3

Neglecting the other components, at the
new equilibrium the ratio of the amount
of H20 in the vapor space to the amount
in the liquid is much less than unity.
As an example consider the typical
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conditions 77° F. and v,/v, = 1. The
saturation specific volumes of vapor and
liquid H20 at 77° F. are (3) 694.9 and
0.01607 cu. ft.jlb., respectively. Under
these conditions the above-mentioned
ratio is 0.01607/694.9 = 0.0000231 lb.
H20 as vapor per lb. H20 as liquid.
Therefore, the amount of solvent
vaporized during the sampling process
was completely negligible and v, "'v,.
Thus Equation 3 may be rearranged to
read

M, = (R,Tv,/v,p,.) (Pi' - P'.) (4)

Each component contributes to the
total pressure observed in the vapor
space in the bulb:

pn = "T.p,. = Ph + P2. + p-;. =
Plo + p-;. + p,. (5)

The value of P2. was obtained from
Equation 4, using the known value of
M2• Equation 5 yielded po. by dif­
ference. Substitution of the latter value
into Equation 4 effected a determination
of M o, the desired result.

DISCUSSION

Several precautions were necessary
in order to apply this method success­
fully. To avoid a small difference
between two nearly equal quantities,
the cyclohexene partial pressure in the
bulb must be as large as possible rela­
tive to the total pressure. This condi­
tion was achieved by selecting as in­
soluble a carrier gas as possible, by
employing a reactor feed mixture as
rich in cyclohexene vapor as possible,
and by operating at as low tempera-

tures as possible in order to keep the
vapor pressure of water low. Nitrogen,
the most insoluble of the common
gases, was used as the carrier. The
bubbler was operated just under room
temperature. The situation was quite
manageable with respect to the water
vapor pressure up to about 125° F.
and reproducible results were obtained
from this temperature down to 77° F.

Other fine points must be considered.
The connection between bulb and re­
actor was originally evacuated along
with the bulb. The volume of this con­
necting line was less than 3% of the
bulb volume, and furthermore, after
sampling, but before the bulb was dis­
connected, this space was filled with a
vapor-liquid mixture of roughly the
same proportions as those obtaining in
the bulb itself. It can be seen from
Equation 4 that only the ratio v';v,
enters into the calculation of M, and
therefore essentially no correction was
required.

Extensive trials indicated that for
organic solvents the sampling bulb
must be equipped with Teflon (Du Pont)
plug stopcocks, lubricated with a small
amount of glycerin. For aqueous
solvents, the sampling bulb can be
equipped with conventional borosilicate
glass plug stopcocks lubricated with
silicone or other grease insoluble in the
liquid. These procedures made it
possible to avoid leaks completely.
The smallest leakage into the bulb
could be detected conveniently because
of the presence of the liquid.

When the bulb temperature is higher
than that of the manometer, material
may distill over during the pressure



Figure 2. Solubility of organic compounds in water at
77° F.

NUMBER OF UNSATURATED BONDS IN THE MOLECULE

ACKNOWLEDGMENT

Source of data

Extrapolation b of
data of Kud­
chadker and
McKetta (6)

McAuliffe (7)
This work

0.425

0.405
1.14
1. 21
1.28
1.07

14.9
14.2
3.63

Cyclohexane
Cyclohexene

Table I. Solubility of Organic Com­
pounds in Water at 77° F."

Solubility
X 10'

lb. mole
solute/cu.

ft.
solution

Benzene
Benzene
Benzene

Cyclohexene

Solute
Cyclohexane

Duque-Estrada
et al. (1)

Klevens (4)
McAuliffe (7)
Extrapolation of

data of Kud­
chadker and
McKetta(6)

• The indicated values' apply to the
situation in which the partial pressure of
the solute over the solution equals the
vapor pressure of the solute at 77° F.,
and in which the total pressure is 1 atm.
abs.

h Extrapolation was carried out on the
basis of the assumption that the solubility
obeys an Arrhenius expression.

•

Source of data
Extrapolation of data

of Kudchadker and
McKetlo (51

McAuliffe (7l
This work
Duque~Estrada et 01.

111
Klevens (4~

McAuliffe (7)
Extrapolation of data

of Kudchodker and
McKetlo (6)

Number of
unsat. bonds

Solute in molecule Symbol
Cyclohexane 0 CD

CD
Cyclohexene a

o
Benzene 8

8
o

i
o

~
~ 10-4
~ 9

"::;~
~

Tt)e indicated values ore those which would occur in an aqueous
phase when the partial pressure of the solute over the solution is
equal to the vapor pressure afthe solute at 77°F, and when the total
pressure is 1 atm.obs.

T. K. Sherwood provided valuable
guidance for the research and was
especially encouraging in the develop­
ment of the solubility method.

measurement. This phenomenon may
be avoided by placing the manometer
as well as the bulb in the water bath.
Since this step was not taken in the
present work, only the results obtained
at 77° F. (room temperature) will be
reported.

The possibility of flashing of solutes
upon opening the bulb to the manom­
eter was neglected. The pressure
reduction was slight as the connection
was very compact and no bubbles were
seen to form in the liquid.

RESULTS

As an adjunct to this work, the
solubility of cyclohexene in water was
also measured by Duque-Estrada,
Bayne, and Manalan (1), employing
the gas-chromatographic method of
McAuliffe (7).

The results of three determinations of
M. by the method described in the
present report were converted by use of
Equation 1 into concentrations that
would exist in equilibrium with an

organic liquid phase. The result of
Duque-Estrada et al. (the average of
two determinations) was already in
this form. These cyclohexene data
and literature results for cyclohexane
(5, 7) and benzene (4, 6, 7) are compared
in Figure 2 and Table 1. The cor­
relation obtained appears to indicate
that hydrogen bonding between un­
saturated bonds and water molecules is
a primary determinant of solubility.
The format used in the figure was
developed independently although the
bonding phenomenon has been noted
previously, e.g., (6).

CONCLUSIONS

The agreement between the cyclo­
hexene solubility results obtained from
two very different methods supports the
validity of the new method described
herein. The consistency with data for
other compounds provides further sup­
port. Whenever more sophisticated
apparatus is not available, the new
method should be a convenient means
of measuring very small solubilities.
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Preparation and Use of Lead-212 Tracer

Claude W. Sill and Conrad P. Willis, Health and Safety Division, U. S. Atomic Energy Commission, Idaho Falls, Idaho

DURING AN INVESTIGATION on the
separation of lead-210 from ores

and mill products by dithizone, a con­
venient radioactive tracer was sought to
facilitate the work. The radioactive
isotopes of lead most suitable for
general use as tracers are those of masses
203, 210, and 212. All other isotopes
have half lives too short for other than
special purposes. Lead-203 is produced
by nuclear bombardment reactions and
is quite expensive and not readily
available. Its half life of 52 hours
would not permit shipment to locations
very far from its point of preparation
economically, and the tracer would re­
quire frequent replacement to permit
continuous experimentation over any
significant period of time.

Lead-21O is very difficult to measure
directly because of the low energy of
both the beta particles and gamma
radiation resulting from its decay. Its
bismuth-21O daughter has an energetic
beta emission but its half life of 5 days
would require an 18-hour delay in
counting to obtain even 10% of the
lead-21O activity taken. Particularly,
bismuth-21O is a pure beta emitter and
has to be obtained essentially free of
absorbing solids and liquids before
counting can be accomplished. In
contrast, lead-212 has a 0.239-Mev.
gamma ray of 45% 'abundance which
permits direct counting of aqueous solu­
tions in a scintillation well counter.
Its half life of 10.6 hours is long enough
to present no problems due to decay and
short enough that the tracer will be
regenerated to about 75% of its maxi­
mum equilibrium value on standing
overnight. Since this nuclide is present
in appreciable activities in natural
thorium compounds, it is readily avail­
able at very low cost. Both the lead­
212 and its bismuth daughter can be
removed quantitatively from dilute
acid solution by the well-known dithio­
carbamate extraction (1). Thus, a
continuing and virtually inexhaustible
supply of inexpensive gamma-emitting
tracer is easily available at all times.

The disadvantage of having to pre­
pare the tracer for each days work is
essentially nullified by the simplicity
and speed of the procedure described in
the present work, only about 45 minutes
being required after the initial prepara­
tion. Other methods of preparing lead­
212 tracer have been summarized in a
recent excellent review of the radio­
chemistry of lead (1) but are generally
not as rapid, efficient, or easily
adaptable to large-scale preparation as
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the present procedure. The only
significant disadvantage associated with
use of lead-212 as a tracer is the neces­
sity of waiting for 8 hours to obtain
more than 99.5% ingrowth of the 60.6­
minute bismuth-212 and 3.1-minute
thallium-208 daughters in the lead
fraction and decay from the bismuth
fraction before results can be obtained
by gross gamma counting when tracing
reactions in which lead and bismuth are
separated from each other.

EXPERIMENTAL

Preparation of Tracer. Place 200
grams of reagent grade Th(NOak­
4H20 and 110 m!. of 72% perchloric
acid into a 600-m!. beaker. Heat the
mixture on a high-temperature hot
plate until all solid salts have dis­
solved and the evolution of nitric
acid changes to heavy white fumes of
perchloric acid. Continue the evapo­
ration of excess perchloric acid until
the froth at the surface of the solution
tends to crust over while still on the
hot plate. Cool the solution and add
20 m!. of 72% perchloric acid and 400
m!. of water. Boil the solution gently
for a few minutes to dissolve the cake
and to volatilize decomposition products
of perchloric acid and coo!. The solu­
tion will be about 0.7M in perchloric
acid and 450 m!. in volume.

Transfer the thorium perchlorate
solution into a OOO-m!. separatory
funnel and shake vigorously for 1 minute
with 20 m!. of a 1% solution of diethyl­
ammonium diethyldithiocarbamate
(DDTC) in chloroform. Draw off the
extract into a 250-m!. separatory fun­
nel containing 100 m!. of water and 10
m!. of 72% perchloric acid. Repeat the
extraction with another lO-m!. aliquot
of the 1% DDTC solution and add the
extract to the separatory funnel contain­
ing the first one. Shake the 250-m!.
funnel vigorously for 1 minute to wash
the combined extracts and draw off the
organic layer into a 2OO-m!. Erlenmeyer
flask. Add 2 m!. of 50% sodium hy­
drogen sulfate (NaHSO.) and 2 m!. of
concentrated nitric acid to the flask
containing the combined extracts and
heat carefully on the hot plate until the
chloroform has evaporated.

Place the flask on a high-temperature
hot plate covered with a thin piece of
asbestos cloth and heat strongly until
nitric acid has been expelled and a
black cake of chaITed organic matter is
obtained. As soon as the charred mass
is completely dry and immobile and no
further charring is evident, remove the
flask from the hot plate to prevent
small losses of lead by volatilization.

Cool the flask and add 3 m!. of a 1 to
1 mixture of concentrated nitric and
72% perchloric acids and boil until the

black suspension becomes colorless and
excess perchloric acid has evaporated.
Do not attempt .to evaporate the DDTC
extract to dryness with perchloric acid
before the thermal charring or the
organic matter will ignite in a sudden
burst of white-hot fire and over 75%
of the tracer will be volatilized. Add
10 m!. of water and 1 m!. of concentrated
hydrochloric acid and boil the solution
for 1 minute, cool and dilute to 10 m!.
Each I-m!. aliquot will contain approxi­
mately 8.5 X 10' c.p.m. under the
conditions used.

Extract the thorium perchlorate solu­
tion in the OOO-m!. separatory funnel
with 20 m!. of straight chloroform for
1 minute to clean up traces of diethyl­
dithiocarbamate and decompooition
products. Discard the chloroform ex­
tract and store the aqueous solu­
tion until more tracer is needed. It is
advisable to discard the first batch of
tracer obtained from a new sample of
natural thorium to remove all extract­
able impurities including natural lead
that might be present. After standing
overnight, the freshly-ingrown tracer
will be carrier free.

Counting Procedure. The lead-212
is determined by gross gamma count­
ing in a 3-inch thallium-activated
sodium iodide well crystal in aqueous
solutions of up to 75-m!. volume con­
tained in 100-m!. polystyrene bottles.
Each sample should be compared to a
standard within a few minutes under
the same counting conditions to
ensure constant counting efficiency
and to eliminate deeay corrections.
The standard should contain approxi­
mately the same salt content as those
samples containing a significant fraction
of the total activity. Particular care
should be taken to adjust the level of
each sample solution by dropwise addi­
tion of water until the height is within
about 0.1 mm. of that of the standard
for maximum precision, especially on
high-counting samples. This height
adjustment should be made immediately
before counting to eliminate any effect
of differences in temperature between
sample and standard on their volumes.

Since lead-212 decays initially at a
rate of 0.1% per minute, sufficient
activity should be used so that the
desired statistical precision can be ob­
tained on I-minute counts to maximize
the number of samples that can be
counted before the standard must be
recounted. If all low-counting samples
are counted first and the standard is
then counted midway through the
remaining group of high-counting sam­
ples, more samples can be counted with
less error due to decay. At least 2 X
10' c.p.m. should be present at time of
counting to keep the statistical error
on I-minute counts less than 0.5% at
the 95% confidence level but more than
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Figure 1. Separation of lead-21 2 from thorium nitrate

Curve 1. Aqueous solution after extraction
Curve 2. Diethyldithioc.arbamate extract

about 5 X 10' c.p.m. should not be
present because of increasing coincidence
losses. Since the samples will generally
have to stand overnight to allow re­
establishment of equilibrium with the
bismuth-212 and thallium-208 daugh­
ters, approximately four times as much
activity should be taken initially for both
standards and samples as is desired to
have present at time of counting to
compensate for the decay occurring on
standing.

DISCUSSION

Two hundred grams of 13-year-old
thorium nitrate gives approximately
8.5 X 10' c.p.m. of lead-2l2 tracer under
the conditions described, 75% of which
will be regenerated in 21 hours. Even
starting with as much as 10' c.p.m. per
run, at least 5 experiments and 1
standard can be made each day and
maintained indefinitely on this quantity

of thorium. Many more samples can
be maintained if slightly lower precision

. is acceptable or if the samples can be
counted after 8 hours instead of having
to wait until the following morning.
Larger quantities of activity can be
obtained by direct scaleup of the
conditions used in the present work.
Even freshly-manufactured natural
thorium compounds will give virtually
maximum activity due to the retention
of the 1.9-year thorium-228 during
manufacture at the equilibrium con­
centration present in the original ore.

The efficiency of the present separa­
tion is demonstrated graphically by the
gamma ray spectra shown iIi Figure 1.
The upper curve was obtained from the
aqueous thorium solution immediately
after extraction and consists entirely of
actinium-228 with no trace of lead-212,
bismuth-212 or thallium-208 being

detectable. The lower curve is a
spectrum of the DDTC extract and
shows the same equilibrium distribution
of all three nuclides that existed in the
original sample of thorium nitrate.
Other tests using tracer under similar
conditions showed that recovery of both
lead-2l2 and bismuth-2l2 was greater
than 99%. Thallium-208 is not re­
moved quantitatively under the condi­
tions employed but grows back to
equilibrium very quickly because of its
short half life. No trace of actinium-228
could be detected in the extract.
Furthermore, the activity of the entire
extract was followed by gross gamma
counting through several half lives of
lead-212 without finding any evidence
of contamination from thorium or
radium precursors which would prevent
complete decay of the tracer with the
half life of lead-212.
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Table I. Distribution of lead-212
Tracer

Recovery, %
Run Run Run

Fraction A B C

1 1.0 0.1 0.3
2 0.7 0.0 1.0
3 0.3 1.1 0.2
4 0.0 0.0 0.0
5 0.0 0.0 97.8
6 97.8 0.0 0.4
7 0.1 0.0 0.0
8 0.3 0.2 0.0
9 1.5 0.1

10 0.2 0.0
11 92.8
12 4.1
13 0.1

Material balance 100.2 100.1 99.8

Some of the data obtained in connec­
tion with other work are shown in Table
I to demonstrate the effectiveness of
lead-212 as a tracer. Dithizone was
being used to separate lead and bismuth
both from the samples and from each
other. Every fraction obtained through
the entire analytical procedure was
counted separately so that the distribu­
tion of lead could be studied. About
1.5 X 10' c.p.m. of tracer was taken
initially for both the experiment and
standard. All solutions were counted
the following day at which time the
standard counted approximately
4 X 10' c.p.m. The data shown are not
specially selected but represent the
first three experiments performed using
the lead-212 tracer. The material
balances obtained show the excellent
precision with which the tracer could be
accounted for even over the large

Zone Reflner with Temperature Control

Fred Ordway,' National Bureau of Standards, Washington 25, D. C.

number of fractions obtained. All
subsequent work has further confirmed
the effectiveness and convenience of
this tracer. By using gamma spec­
trometry, information on the distribu­
tion of bismuth can be obtained simul­
taneously. Use of a gamma-emitting
tracer has proved particularly useful in
demonstrating the losses of lead pro­
duced by volatilization, ion exchange to
glass surfaces and silica, and reduction
and consequent alloying during fusions
in platinum dishes. The relatively
short-lived lead-212 can also be used to
determine the yield in the radiochemical
determination of lead-21O.
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I N ZONE REFINING, the heat is usually
applied by radiation (J, 3). The

temperature of the sample is not
directly controlled. For many samples,
however, elevated temperature en­
dangers purity because of rearrange­
ment, decomposition, or reaction with
atmosphere. Therefore, it is often de­
sirable to control the maximum
temperature to which any part 'of the
sample is subjected, or at least to know
it accurately.

When the zone refining process is in
smooth operation it may be possible to
estimate the temperatures to which the
sample is being exposed. When the
process is starting up, on the other
hand, the temperature in any given
region of the sample may be highly
unpredictable. If the container is
initially filled with granular material,
or even melted material with voids, the
isolated portions of the sample may
often reach significantly higher tempera­
tures than does any portion during the
ideal steady-state process. After all
voids have been eliminated the sub­
sequent passes mayor may not remove
impurities resulting from the overheat­
ing. With some samples the complete
elimination of voids may be difficult or
impossible.

The fundamental problem is that the
temperature is determined by the ac­
cidental value of thermal resistance,
together with a fixed heat flow from a
source of very high temperature. To

'Present address, Melpar, Inc. Falls
Church, Va.
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control the temperature properly the
heat should flow to the sample, from a
source whose controlled temperature is
close to that of the sample, through a
comparatively low thermal resistance.
The maximum sample temperature is
then limited to the source temperature
required for the steady state of the
process.

This objective has been attained by
arranging to circulate a fluid of
controlled temperature over a narrow
band around the sample tube. The
constant-temperature band is made
capable of motion along the tube by the
use of shaft seals.

DESCRIPTION OF APPARATUS

The construction of the fluid carrier
is shown in Figure 1. The assembly
consists of alternating partitions, P,
(bearing shaft seals that closely fit
the sample tube) and collars, C, (each
with two tubes for fluid circulation),
with a window section, W, for each
chamber. These parts are separated
by gaskets, G. The assembly is aligned
by the internal shoulders on the collars
and by three symmetrically disposed
bolts, B, and is clamped together by
nuts, N, bearing on two end plates, E.
Outside diameter of the end plates is
2.5 inches (63 mm.). A series of three
annular compartments is formed by
four of the partitions. Each of the
compartments has two connecting tubes
for fluid circulation and a glass wall for
viewing the sample inside.

The shaft seals were automotive-type
oil seals (Garlock "Klozure" or equiva­
lent), but O-ring seals or other types

might possibly have been used. Inter­
changeability of units designed for
different-sized shafts is desirable. A
suitable tolerance to the sample tube's
deviations from perfect centering and
roundness is necessary.

The fluid carrier was made by as­
sembling a set of parts, all clamped
together with gaskets, to permit varia­
tions in the number and lengths of the
compartments. Any future units hav­
ing just three compartments can be
constructed of fewer pieces and require
no more than three gaskets. The com­
partments may be as short as 1-2 em.
each.

The present unit was slipped over the
sample tube while loosely assembled,
and then given the final tightening, to
ensure correct alignment of the seals.
The fluid carrier was attached to the
translation mechanism of a Fisher zone
refiner. The upper end of the sample
tube, protected by a short length of
elastomer tubing, was clamped in a
three-jaw drill chuck of O.5-inch ca­
pacity, which projected downward from
the 10: 1 worm gear reducer of a '/,,-h.p.
variable-speed motor mounted on top
of the zone refiner cabinet. The sample
tube was in contact only with the
driving chuck and the elastic seals in
the fluid carrier.

Temperature-controlled heating fluid
was circulated through the center com­
partment and coolant through the top
and bottom compartments. The fluids
were supplied, through silicone tubing,
from two small baths by immersion­
type centrifugal circulating pumps.
The fluid pressure was slight, flow rates
being less than 0.1 liter/minute.

The hot bath was filled with Dow­
Corning 510 silicone fluid. The cooling



Figure 1. Fluid carrier for temperature control in zone
refining
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fluid was water containing a colorless
emulsifiable oil ordinarily used with
machine tools. Tap water, used directly
as a coolant, corrodes the metal shells
of the shaft seals. Therefore, the tap
water was instead run through a copper
coil in the emulsified oil hath. The
connecting tubes, gaskets, and seals
did not deteriorate seriously in contact
with the silicone and emulsified oil,
although the hot bath was used at
temperatures above 160° C. for a number
of months. The hot bath was main­
tained at constant temperature within
less than 0.5° C. by a proportioning
controller with thermocouple sensor.
The sample tubes were made from stock
lengths of ordinary borosilicate glass
tubing, usually 8 mm. in diameter.
In normal operation the tube was
rotated at 10-30 r.p.m. The rotation
made the molten zone quite symmet­
rical and possibly reduced the sliding
friction of the seals along the tube.
The tube was so well lubricated by the
circulating fluids that friction was not
a strain on the translation mechanism
even without rotation. Periodic
stopping or reversing of the rotation
would improve mixing in the molten
zone and thus might improve purifica­
tion by reducing the concentration of
rejected impurity at the advancing
solid-liquid interface.

PERFORMANCE

The apparatus was capable of several
months' operation with a total fluid
leakage of only a few milliliters when
used with glass tubing selected to fit the
seals. In a single lot of stock tubing,
about So-90% appeared usable for this
purpose. The end of the tubing in­
serted in the shaft seals was always
sealed off, or at least fire-polished.

~~I---B

Breakage of the sample tube did occur
at times, with deleterious outpouring
of the circulating fluids. The in­
convenience of such events was re­
duced by placing the entire zone refiner
in a large tray. It is believed that this
danger could be minimized, and leakage
in routine operation eliminated, by a
change in the circulating system. S1'C­
tion pumps should be used, so that a
fluid leak stops the flow and all fluid is
automatically removed, and the baths
should both be filled with the same fluid
and interconnected with a siphon, so
that any flow of fluids between adjacent
compartments is automatically com­
pensated. Using a single fluid would
eliminate the tendency toward foaming
in the present baths when leakage occurs
from one compartment into another.

The present apparatus has been used
for zone refining at speeds from the zone
refiner's maximum, about 60 mm./hour,
to 1 mm./hour or less (obtained by
connecting an auxiliary interrupter in
the motor circuit). It has been run
continuously for 1-3 weeks with
samples of naphthalene and for periods
of several months with the straight­
chain hydrocarbons C"H" (melting
point 89.5° C.) and C"H'90 (melting
point 113.9° C.).

The naphthalene samples eventually
formed single crystals while the hydro­
carbons apparently remained poly­
crystalline. Passage of the molten
zone upward through the sample ap­
peared to eliminate voids more de­
pendably than downward passage, and
the upward motion was therefore used
throughout. There appeared to be no
hindrance to the use of the apparatus

~~~

j' ~ '---- SAMPLE

-- TAPERED PLUG

SPRING

Figure 2. Sample tube arrangement
to prevent breakage by expansion of
sample in melting

at any temperature for which a suitable
heating fluid is available. Special
shaft seals can be obtained for con­
siderably higher temperatures, and the
temperature of the seals in any event
can be held well below the melting
point of the sample. For work at con­
siderably higher temperatures with a
circulating fluid, the elastomer tubing
can be substituted by metal sylphon
tubing. Alternatively, an arrangement
of telescoping delivery and receiving
tubes can be used, with gravity flow
through the fluid carrier, to eliminate
the flexible connecting tubes entirely.

The stability of the size of the molten
zone depended as much on constancy of
flow as on temperature control. The
bath temperature for zone refining of
naphthalene, for example, was llSo C.,
about 3So higher than the melting
point. Connecting tubes without the
restricted bore of the present design
would be desirable to reduce this dif­
ferential and thus the sensitivity to
variations in pump performance. The
length of the molten zone was kept
between about 2 and 10 mm., and did not
fluctuate rapidly enough to produce a
motion of the advancing solid-liquid
interface comparable with the slowest
translation rates used.

SAMPLE TUBES

The major cause of breakage was not
a fault of the apparatus, but a property
of the sample itself-its tendency to
create pressure on melting by expansion
against a column of solid adhering to
the sample tube. When experiments
were made with naphthalene, it was
early observed that sample tubes broke
near the bottom, where the new molten
zone was formed. In fact, the sealed
end of the glass tubing was frequently
pushed off and a length of the solid
sample extruded. Clearly the 10-30
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em. of crystalline material above ad­
hered to the sample tube so well that
the expansion during the melting of the
new zone produced high pressures.
The problem did not occur with the
straight-chain hydrocarbons, and may
or may not be serious in a given case
depending on the substance and the
dimensions of the sample tube. Joncich
and Bailey (2) have solved this problem
by using polytetrafluoroethylene sample
tubes. Such tubes would be unsuitable
for the present apparatus because
rigidity is required for proper rotation,
dependable functioning ·of the shaft
seals, and protection of the final crystal
from deformation.

The problem was eliminated by the
arrangement shown in Figure 2. A
tapered glass plug, sliding loosely and
supported by a spring, forms the end of
the sample space. The molten zone
initially extends down to the point
where the annular space between the

tube and the plug attains its minimum
width, but not far beyond. If the
sample requires added space for each
new zone, the plug moves downward
gradually and the spring is compressed.
The initiation of crystal growth in the
narrow annular space may encourage
formation of a single crystal, as does the
pointed tip frequently used on sample
containers in the Bridgman method.

To avoid excessive pressures no rapid
change in length of the molten zone,
such as that which occurs on restarting
the apparatus after a power failure,
should be permitted except at the end of
the traverse.

If the solid adhers to the sample tube,
the multiple-zone oscillating-heater
technique of Sloan and McGowan (4)
could in principle be used with a fluid
carrier of many compartments. Such
an arrangement would present me­
chanical problems because of the large
total frictional torque of all the shaft

seals. If the solid does not adhere well,
the body of solid between two liquid
zones might tend to rise or sink and
disrupt the continuity of the process.
In this case a multiplicity of zones
would be undesirable.
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High Precision Conductivity Bridge

Robert t. Wershaw and Marvin C. Goldberg, U. S. Geological Survey, Denver, Colo. 80225

Figure 1. Circuit diagram of conductivity bridge

TEMPERATURE BATH

,;
CONSTANT,-

__A

Standard
Resistor

This conductivity bridge offers the
following advantages over the Jones
Bridge (1) which has been used almost
universally up to this time for high
precision conductivity measurements:
the measurements are made using a four­
terminal resistance measuring circuit

Inductive
Dfvider

50-200
)Jpf

of the divider. A complete discussion
of four terminal resistance measure­
ments is given by Thomas (2). The
quadrature correction is made with two
adjustable air capacitors connected
across the over-windings of the auto­
transformer.

I N THE DEVELOPMENT of methods for
the measurement of soluhilities of

pesticides in water, a conductivity
bridge of very high precision for meas­
uring small differences in conductivity
was required. Commercially available
instruments could not meet all of the
required specifications. Therefore, the
bridge which is described below was
designed and built in our laboratory.

A schematic diagram of the bridge
circuit is given in Figure 1. The ratio
arms of the bridge are formed by a
variable tap autotransformer (ESI
Model DT72A or Gersch 1000 Series
Inductive Divider). A standard card­
wound resistor of low capacitance and
inductance, and a Jones conductivity
cell make up the comparison arms of
the bridge circuit. The two leads from
the oscillator are connected directly
to the comparison arms of the bridge.
The resistances of the leads to the
inductive divider are, therefore, effec­
tively eliminated from the comparison
arms of the bridge and are incorporated
into the ratio arms of the bridge, where
the resistance of the leads is negligible
compared with the input impedance of
the divider (approximately 1,000,000
ohms at 1000 cycles/second). An
appreciable error is eliminated by this
type circuit, for it was found that errors
of the order of 5(}-100 p.p.m. in ratio
measurements resulted from having the
oscillator connections at binding posts
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rather than a two-terminal one as used
in the Jones Bridl';e, therefore, minimiz­
ing lead resistance errors; the two
comparison arms of the bridge are im­
mersed in a constant temperature bath
to eliminate heating and temperature
errors; this bridl';e is capable of greater
preci'ion than the Jones Bridge because
of the high resolution (0.00002%) of
the inductive divider used in it; the
circuit may be readily modified to make
high precision capacitance and induc­
tance measurements; and it is con­
siderably less expensive than a Jones
Bridge.

EXPERIMENTAL

In operation, a resistor of similar
value to the resistance of the cell is
placed in the circuit between points
A and B (Figure 1) and the cell is con­
nected between points C and D. Leads

from the oscillator and leads from the
divider are connected directly to the
points A and D. A balance is obtained
by adjusting the di vi<ler and the capaci­
tors for minimum response of the null
detector. In most of our studies the
oscillator frequency was 1000 cycles/
second; however, any frequency from 50
cycles/second to 10,000 cycles/second
may be used.

For measurements of the highest
precision, the resistance of the lead
between Band C must be known.
This lead resistance may be evaluated
by replacing the conductivity cell with
a resistor of known value; the circuit
is balanced with the detector connected
to the point B; the detector l~ad is
then moved to the point C and the
bridge is balanced again. The dif­
ference in the two ratio measurements
multiplied by the total resistance
between A and D gives the resistance
of the link between Band C.

To verify the accuracy of this bridge,

a calibrated resistor was substituted for
the conductivity cell. Agreement be­
tween values of the resistor ratios
measured at the National Bureau of
Standards Laboratory and those meas­
ured in our laboratory was ±0.2 p.p.m.
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A Time Base Generator with Digital Readout of Nuclear Magnetic Resonance Line Positions

J. M. Purcell and J. A. Connelly, Eastern Utilization Research and Development Division, U. S. Department of Agriculture,
Philadelphia, Pa. 19118

THE USE OF an X-Y recorder as a
readout device with Varian HR-60

high resolution nuclear magnetic res­
onance (NMR) spectrometers is well
established. In this application the
X-axis is driven by an external
time base. Spectral calibration is
normally accomplished by the sideband
technique (J, 2). Line positions are
measured by first obtaining a scale
factor between the frequency scale and
linear distance. The linear distance is
measured from each NMR line to the
reference line. The value of the linear
distance multiplied by the scale factor
yields the line position in terms of
frequency (cycles per second).

Several disadvantages are inherent in
this method of measuring NMR line
positions, not the least of which is the
amount of time involved. The chief
characteristic which affects the ac­
curacy of the NMR line positions is the
linearity of the external time base and/
or of the recorder. Commercial re­
corders generally possess linearity of the
order of 0.1 to 0.2% of full scale. If the
linearity of the external time base is
greater than the recorder linearity
(considering only the readout device),
the accuracy of the line positions is
limited only by the linearity of the
recorder. The inherent nonlinearity of
the slidewire accounts at least in part
for the nonlinearity of the recorder.
The device described herein provides a
more accurate and convenient method
for measuring NMR line positions

through the use of an operational ampli­
fier in two modes of operation.

The accuracy of NMR line position
measurements can be increased in two
ways: improving time base linearity and
avoiding slidewire nonlinearity. Con­
sider first time base linearity which
may be defined as constancy in the time
rate of change of a ramp voltage. An
excellent method for the production of
a linear ramp voltage is the integration
of a constant voltage. Assuming in
principle that this method will yield a
precisely linear ramp voltage, one can
see that in practice the linearity of the
time base depends upon the specifica­
tions of the electronic devices used.
We have designed a time base genera­
tor of improved linearity using a solid
state voltage source with a low tempera­
ture coefficient and a high gain, chopper­
stabilized operational amplifier.

Consider now the inherent non­
linearity of recorder slidewires. Non­
linearity is the result of the fact that the
resistance of the wire per unit distance
is not constant. Therefore, when one
attempts to correlate voltage with
linear distance, using another scale
which possesses a linearity different
from that of the slidewire, the result is
a certain unavoidable error. This error
can be avoided by driving the pen
through the same <Iistance along the
same portion of slidewire by means of an
accurate voltage source and then cor­
relating that voltage with distance.
The necessity of measuring distance on

the chart paper is thereby eliminated,
since for a given recorder range the
voltage necessary to reach a given point
on the slidewire is now known. This
voltage can be correlated with the
quantity plotted along the abscissa.
However, to achieve the greatest pos­
sible accuracy in measuring line
positions the measurement should be
made before the chart has been removed
from the recorder. By employing this
principle we have devised a method
which provides a fast digital readout of
NMR line positions in terms of fre­
quency.

EXPERIMENTAL

The device consists of a combination
of two modes of operation of an opera­
tional amplifier (Dymec :'.10del DY­
2460A-M1 with Model DY-2461A-M5
blank plug-in; 2-p.p.m. d.c. gain ac­
curacy including linearity)-i.e., inte­
gration of a constant voltage and +1
gain amplification. A schematic rep­
resentation is given in Figure I. A
photographic view of the time base
generator constructed in this lat-oratory
is given in Figure 2. For the integra­
tion mode the time constant is 100
seconds. Since stahility of the time
constant is important, a lo-megohm
metal film resistor and a 1O-!,f. poly­
styrene capacitor were used. Proper
connections for the Dymec 2460A op­
erational amplifier can be found in the
Dymec instruction manual.

Ramp voltage linearity depends upon
the voltage source stability. To pro-
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Figure 1. Circuit diagram for time bose generator with digital readout of NMR
line positions

NMR line position measurement..
are made in the following manner:
The chart paper with the spectrum is
placed on the recorder platen, using
the vacuum hold-down. With the pen
up, the decade divider set at 0.0000
and the DPDT (ON-OFF-ON) switch
in either ON position the point of the
pen is visually aligncd with the center
of the reference peak. Then the side
band frequency is dialed on the decade
divider-e.g., 624.8 c.p.s., the decimal
point occurring between the third and
fourth decades. The pen is then
visually aligned with the center of the
side-band peak by adjusting the re­
corder X-axis range control and vernier.
Finally, the decade divider is dialed
until each NMR line in turn is visually
aligned with the pen point. The read­
ing on the divider is the line position in
terms of frequency (c.p.s.).

The time base output has a linearity
of 0.02% of full scale or better. As the
voltage accumulated at a given voltage
divider setting time measurements were
made at increments of 1 volt. Two
time-voltage pairs were used to deter­
mine the equation of a straight line.
Voltages corresponding to the remain­
ing time measurements were calculated
and compared with the observed values.
The reproducibility is 0.03% of full
scale or better. For a given setting of
the voltage divider, the accumulated
output ramp voltage both negative and
positive at 1000 seconds was measured
to the nearest 0.1 mv. The reproduci­
bility figure was calculated by dividing
twice the standard deviation of the
voltage measurements by the mean
value of the output ramp voltage.

The line position (+ 1 gain) output
has a linearity of 0.0075% or better.
The voltage corresponding to each digit
of the first decade of the voltage divider
was measured. Two dh'ider setting­
voltage pairs were used to determine a
straight line. Voltages corresponding to
the remaining divider settings were cal­
culated and compared with the ob­
served values.

A comparison of the conventional
and the electronic (described above)
methods of measuring NMR line posi­
tions is shown in Table I, which gives
two average values of the line position
in terms of c.p.s. from tetramethylsilane

r--+---Lo.

Output

For the time base mode (with the
four pole, double throw (ON-ON)
switch in the proper position) the pen
speed is determined by the settings
of the voltage divider and the recorder
X-axis range. The direction of pen
travel is determined by the position of
the DPDT (ON-OFF-ON) switch. Con­
trol of whether the pen touches the
paper is retained in the recorder so that,
if desired, the pen may be driven along
the X-axis without touching the paper.

DISCUSSION

be on the low field side of the various
lines.

The conversion from one mode of
operation to the other is accomplished
by means of a four-pole, double-throw
(ON-ON) switch. One advantage of
this type of time base over one produced
by a motor driven potentiometer is
that the former permi ts rapid return
of the pen to zero position. This is
accomplished by a normally-open push
button switch which short circuits the
capacitor. A banana jack is connected
across the output of the voltage ref­
erence supply and is mounted on the
front panel as a convenient reference
voltage source for other purposes, such
as calibrating other instruments.

Reset

-t--......-4\,;--"'"T--
Voltage : 117 V.

Reference : A.C.
~---+---_o-l-.-----o

I~~eg.

lOOK
1/2W

40KQ
0.1%
II2W

Voltage
Divider~~~~

10K.n

vide the greatest stability a solid state
voltage reference source (CircuitDyne
Corp. Model PRLB-1l5-11.0 G) with
a temperature coefficient of ±0.001%
was chosen. The 11.061-volt output
of the voltage source is reduced by
means of a 40K ohm resistor and a 10K
Trimpot in series with a 10K ohm, four­
decade voltage divider (General Re­
sistance Co. Dial-A-Vider Model DV­
4004; linearity at one watt is ±40
p.p.m.). Adjustment of the voltage
across the decade divider to 2.0000
volts is accomplished by the Trimpot.
The output of the voltage divider is
variable in decade fashion from 0.0000
to ±2.0000 volts. With the selection
of this voltage a variation of pen speeds
from a maximum of 5 seconds per inch
to a minimum of 2.7 days per inch can
be achieved. Immediately following
the voltage source a DPDT (ON-OFF­
ON) switch is employed as a polarity
reversing switch so that the recorder
pen may be driven in either direction
or may be stopped in any position.
The right to left direction, which is
not included on commercial recorders,
is more convenient for the recording of
NMR spectra. Convenience results
because the recording of the spectrum
can commence at the refe"ence line
(usually tetramethylsilane) at the right­
hand side of the rhart. The spectrum
is displayed according to the usual
convention, except that the ringing will

Figure 2. Photographic view af front panel
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a c.p.s. from tetramethylsilane 1 solvent-CCl4
b Two sigma values.
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not be measured. .\150, line positions
are rapidly measured in digital form in
terms of frequency.
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Comparison of Two Methods of Measuring NMR line Positions

Conventional method Elel'tronie method
LineD Linea

position Std. dev. h po..-itioll

387.4 0.;)2 ;~S7.3

434.5 J .44 ·l:l4.S
243. 3 1 20 24;3.4
250 3 1 20 2.50 6
257.7 117 2578
264. R I J4 264. \J
1978 073 1\J7.H
202.8 0.76 202 9
252.9 O. 7R 2.'>2. 7
258.0 O.RB 2.5~.()

263.0 0.89 263.2
268.3 O.RR 26S.2
216.8 1.32 2162

Table I.

Methoxy group of methyl
butyrate

11 1,2-Trichloroethylene
Chloroform
Methylene of e.':)ter group of

ethylcyanoacetate

:MethanoI

at the beginning with only an irrele"ant
change in the appearance of the
spectrum.

The possibility of error due to the
nonlinearity of the recorder slidewire
has been eliminated. Consequently,
line position measurements are more
precise. Convenience also is achieved
by correlating voltage with linear
distance along the recorder slidewire.
Linear distance on the chart paper need

and the corresponding standard devia­
tions for each line. Ten recordings of
each spectrum were obtained at room
temperature, using a Varian DP-60
spectrometer. To avoid signal satura­
tion the radio field amplitude was set
60 db, below one-half watt. The
external magnetic field was swept at the
rate of 0.5 to 1.0 c.p.s';second. Spin­
ning 5-mm. o.d. sample tubes were used
to achieve maximum field homogeneity.
Calibration of the spectra was ac­
complished by the usual side-band tech­
nique, using a Hewlett-Packard 200
CD wide band oscillator and a 522B
counter. Tetramethylsilane (K & K
Laboratories Inc., Jamaica, N. Y.) was
used as an internal reference.

Several advantages attend the use of
the time base generator described above.
In addition to improved linearity and
reproducibility, the time base generator
affords greater convenience in the re­
cording of NMR spectra, since the pen
may be driven in the right-to-left direc­
tion. By convention NMR spectra
are displayed with magnetic field
strength increasing from left to right.
Using tetramethylsilane as an internal
reference, the reference signal normally
occurs further upfield than all other
spectral lines. Therefore, one can begin

Combining Gas Chromatography with Nuclear Magnetic Resonance Spectrometry

E. G. Brame, Jr.,! Manufacturing Division, Plastics Department, E. I. du Pont de Nemours & Co., Wilmington, Del. 19898

GAS CHROMATOGRAPHY has been com­
bined pre"iously with nuclear

magnetic resonance spectrometry
(NMR) for the identification of ef­
fluent fractions from C, aldehydes (4),
isoprenoid hydrocarbons (2), isomers of
triisobutylene and tetraisobutylene (3),
and C, olefins (1). In each of these
cases conventional trapping procedures
were used. They consist of trapping
samples into one "essel and transferring
them into another vessel for the K~1R

examination. These procedures re­
quire a relatively large amount of start­
ing material and generally can take a
long time (hours or more) to collect a
sufficient amount of pure sample for
identification. In the present investiga­
tion, a new procedure which eliminated
the use of a second vessel was developed.
Thus, the same vessel into which the
sample was trapped could also be used
for the NMR examination. As a re-

I Present address, Elastomer Chemicals
Department., E. 1. dll Pont de Nemonrs &
Company, Wilmington, Del., 19898.

suit of this procedure less sample wa,
required to obtain :'01R spectra.

The new procedure of combining gas
chromatography wit,h K:\'lR was de­
veloped with the use of glass micro­
tubes (KYlR Specialties, Inc., New
Kensington, Pa.) that became commer­
cially a"ailable only last year for N?I'lR
studies. These tubes are made of.
borosilicate glass and contain a bubble
at about 15 mm. from the bottom of
the tube to coincide with the position
of the receiver coil in the spectrometer.
The exact posi tion can be determined
by filling the bubble with chloroform
and by noting the position that cor­
responds to the maximum signal for
the proton resonance. A l-mm. i.d.
capillary leads from the top of the tube
to the bubble whose volume is about
35 1'1. After several attempts were
made to trap effluents directly from a
gas chromatograph into these tubes
using a 22-gauge syringe needle that
was eight inches long, it was found that
this fine gauge needle caused a very
large pressme drop at the exit of the
gas chromatograph. Inefficient opera­
tion of the gas chromatograph resulted.
To circumvent this difficulty, a pair

of microtubes that had a 2-mm. i.d.
capillary leading to the bu bble were
obtained on special request. With the
larger capillary I a larg~r diamE'tel'
syrinp;e needle (l7-gauge) could be
uoed for trapping samples. Tim" less
restriction to the helium flow and
greater efficif'n('y in trapping was made
possible.

A picture of the microtube and equip­
ment used for trapping samples di­
rectly from a gas chromatograph i,
shown in Figure l. The 17-gaup;e
needle that is eight inche:-- long i:- ~r('n

inside the glass microtube. The tip of
the needle is loeated inside the bubble
ncar the bottom of the tube. The top
of the needle is connected to a Luer
lock whieh is silver soldclwl to a '/.­
inch tubing T. By using a Luer lock
connection, the needle ['an either be
attached or removed ,·ery quickly and
easily from the tubing T. The right
side of the l' is equipped to connect it
to the exit port of a gas (·hromatograph.
The left side is shO\m uncapped. When­
ever a species to be trapped emerges
from the exit port, the nut to the
immediate left of the T i;; screwed on
the l' and tightened to force the carrier
gas to pass through the needle in the
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tube. A wrrielenc" and drv ice bath
can be used ('onveniently fo'r trapping
the :-;pecies in the buhblr. A~ soon as
the ga.., chromatograph indicates that
tht> :-;pe{'ies being trapppd i~ no longer
exiting from thp chromatograph, the
nut i., removed fir~t to bJ'pa~s the gas
flow. and the ncpdle is disconnected
from the Luer lock.

The n€:xt step in the procedure i~ to
add sufficient soh'ent to the microtube
to fill the bubble for the 'i:\IR ex­
arnination. :\ 50-J.d. syringe without
needle attached i, filled to about t!w
35-,,1. mark with the soh·ent to Ill'
uHed. Then, the syringe is eonnrcted
to the 17-gauge needle. and the mi<:ro­
tube which ,till contain, the needle
is removed from thp dry j('e-Tridene
bath. The ,01 vent i, injeC'ted into
the needle and the tube containing
needle is returned tu the ('old bath.
This technique loa, the effeet of washing
the inside of the needle with solvent
and of dis~olving the trapped species
in one operation. If more solvent i~

needed to fill the bubble. the mierotube
is removed from t}w cold bath, 'a few
more microliters of soh'cut are added,
and the mierotube is returned to the
bath to wash the ,olvent into the bubble.

After the bubble is filled to volume,
the needle is removed from the miero­
tube and the trapped species is examined
by :'-I:\IR. Samples that range in
boiling points from le.ss than 100° C.
to nearly 300 0 C. ha,·e been examined
successfully with thi.s procedure. Tbe
high boilers require e:xternal heating
of the tubing T to get them into the
needle and to be dissolved by the
appropriate solvent.

1184 • ANALYTICAL CHEMISTRY

Figure 1. NMR microtube with 17­
gouge syringe needle and '/,-inch
tubing T

Results obtained from the use of this
direct trapping procedure indicate that
a minimum of about 100 to 400 "g. of
sample are required to obtain a good
NMR spectrum from an A-50 spec­
trometer. If computer averaging tech­
niques are used or if one of the newer
spectrometers such as an HA-100 in­
strument is used to enhance the signal,
proportionately less sample is required
to obtain a good spectrum. Thus, the
order of several micrograms of sample
can readily be obtained as a minimum
level of concentration through tbe use
of this trapping procedure to combine
ga~ chromatography directly with
NMR.
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THE SARGENT RECORDERS
FOR GAS CHROMATOGRAPHY
r------------------------------------------------------_.

• Connect directly to all Gas Chromatographs, • Two Models to choose from- AC-58
for Optimum Response without Modification The Series SR-20 for Recording

The Series SR-30 for Recording & Integrating

READ ALL ABOUT THESE RECORDERS IN BOOKLET SR-GC-2
Complete with illustrations and specifications

E. H. SARGENT & CO., 4647 W. FOSTER AVE., CHICAGO, ILLINOIS 60630

The MODEL

See Buyers' Guide for all products/sales offices.
Circle No. 81 on Readers' Service Card
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Analytical Instrumentation and Equipment for

MEASUREMENT & CONTROL OF
ELECTROLYTIC CONDUCTIVITY

RC-16B2
ACCURACY -t- 1%

Model RC-1662 _ a general purpose
conductivity bridge featuring ex­
tremely wide range, high sensitivity,
and moderate accuracy. The Model
RC·1682 has a dual calibration, in

resistance and conductance units. Bridge current at both 50·60 and
1000 cycles is provided, selected by a panel mounted switch.

An effective scale length of 84/1 permits readings to be made with an
accuracy of =1 % of the resistance. When used with conductivity cells
of appropriate cell constants, the instrument covers the entire range
of electrolytic conductance from that of ultra-pure demineralized water
to concentrated acids. Price $237.00

RC-18
ACCURACY-t- 0.1 %
Model RC-18 Conductivity
Bridge ... a precision
laboratory instrument mea­
suring electrolytic conduc­
tance and resistance in

micromhos and ohms to =0.1 % accuracy. Internal generator frequencies
of 1000 and 3000 cps are provided, and null indication is by means of a
self-contained, two-inch oscilloscope.

Bridge balance is obtained through operation of 6 decades of cardwound
resistors of 0.1 to 10,000 ohms each. The overall instrument range is
0-100,000 ohms_ Sensitivity is better than "'om %, A decade of 100 pf
mica capacitors and two 10-100 pf adjustable air capacitors permit bal­
ancing the reactive component of the conductivity cell impedance.

Price $850_00

TEMPERATURE BATH

PLATINIZING KIT

Platinizing Kit, Model PK-1A. provides a
simple, compact and inexpensive setup for
electrode stripping, electrocleaning and re­
platinizing either nickel or platinum elec­

trodes of solution conductivity cells. Full rheostat control of plating
current is provided. Current is reversed conveniently by operating a
switch and is indicated by a meter which is included. The PK-IA Kit is
supplied complete with 4lf2 volt battery, meter, reversing switch, rheo­
stat, binding post terminals, cut·out for bottles of platinizlng solution,
and detailed directions. One hundred ml. platinizing solution (Pl·l),
sufficient for 25 average replatinizations, is available as accessory item.

Price PK-IA - $25,00 Pl-I - $15,50

The Model T6-6J Constant Temperature
Bath has been designed to combine large
available working area with high sensi­
tivity, low lag components. The bath will

accommodate 4 Jones type conductivity cells and maintains its 7 gallons
of oil within ±O.02°C at a selected temperature in the range of 10-50°C.
An adjustable thermoregulator, built-in cooling coil and autotransformer
for optimizing the heating cycle are provided. The oil bath is of drawn
stainless steel. Price $750_00

Industrial Instruments has pioneered in the field of electro­

lytic conductivity and offers a complete line of instrumen­

tation and cells_ In addition, a variety of gas analysis

equipment for laboratory and plant use is available, Your

inquiries on the application of our equipment

to your particular requirements are invited,

All prices -FOB Factory

ELECTROLYTIC CONDUCTIVITY

i
® IS OUR BUSINESS!

, .' Indu5Irfolln5IrumtnI5",,-
89 Commerce Road, Cedar Grove. New Jersey 07009

201-239-6200 TWX, 201-239-4704

Electrolytic Conductivity Cells. A most com·
prehensive line of cells and cell constants is
available for applications from measurement
of ultra-pure water to concentrated solutions
of acids, alkalis and salts. Dip type glass and
platinum conductivity cells are available in
any cell constant from 11100 to 100/cm
with certified accuracy within =1 % of nom­
inal value. Pipette cells, for making conduc­
tivity measurements with small volumes of
solution, are furnished for samples as small
as 11100 m!. Cell constants range from 5 to
SOD/em. Jones type cells can be provided in
cell constants from about 0.1 to 100/cm.
Mixing chambers are incorporated to reduce
the Soret effect Prices on request.

CONDUCTIVITY CElLS

,

U;-t _

RA-4 SOLU METER®
Recording Requirements? ... The Model RA-4 Solu
Meter® is a direct-reading instrument providing
a continuous indication of solution conductivity.
In addition, a 0-10 mv DC signal proportional to
conductivity is provided to operate a remote po­
tentiometer recorder. A non-bridge type of mea­
suring circuit is utilized, and meter scales are
linear in conductivity.

Accuracy is within 2% of scale span with supply
voltages between 105 and 125_ Adjustment of full
scale meter deflection against a built-in standard

resistor permits closer readings. Solu Meters can be supplied in a great
many different ranges and calibrations. The Model RA-4 is provided with
a temperature compensator to correct for the change of conductivity
with temperature. A manual compensator is standard in the Solu Meters;
automatic compensators are available as optional equipment for every
service_ Price $231.00

See Buyers' Guide for all products/sales offices.
Circle No. 48 on Readers' Service Card
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Type 21·104, general purpose mass spectrometer offers faster scan speed,
wider mass range, and higher resolution than the CEC 21·103C, which It reo
places. Mass range m/e is 1 to 2000. Resolution without an electron multi'
plier is better than 1/600; with multiplier, 1/1500 (10% valley definition).
Standard scan speeds offered include speeds up to three octaves per second for
identification of chromatograph effluents. The 21·104 has a pull·outltilt·up
chassis for accessibility, a C·shaped magnet for easy access to both source and
collector, and 24·hour liquid nitrogen cold trap. The all·metal pumping system
uses polyphenyl ether fluid. Accessories developed for other company mass
spectrometers are compatible. In addition, this model may be fitted with a mass
spectrum digitizer, a variety of inlet systems, a micromanometer, recording
oscillograph, and alternative pumping systems. Consolidated Electrodynamics
Corp.. 360 Sierra Madre Villa, Pasadena, Calif. 402

Quadruple mass spectrometer shown
has three mass ranges: 1-50; 10­
150; and 50-500, The resolution on
the low and medium ranges is better
than two times the mass number, and
on the high range it is better than
unity. The complete mass range can
be scanned in 10 milliseconds. The
instrument normally operates at pres·
sures lower than 10-·j torr and is
capable of measuring partial pressure
of 10-1.3 torr with an electron multi·
plier. Additional equipment available
for use with the spectrometer includes
strip chart recorders, oscilloscopes.
and x·y plotters. Electronic Associ·
ates, Inc., W. Long Branch, N. J. 401

Dilutor for metering sample
and diluent uses Hamilton
syringes. Accuracy is guar·
anteed to ±0.5%, and reo
producibility is guaranteed to
±0.05%. This new device
reduces sampling and dilut·
ing time by more than 50%.
Sampling syringes from 0 to
500 "I. and diluting syringes
from 0 to 5.0 ml. can be
used, Volumes greater than
the capacity of the dilution
syringe are possible by suc·
cessive actuation of the sy·
ringe. Precision Scientific
Co., 3737 W. Cortland St.,
Chicago, III. 60647, 403
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Play it cool

Use Porta-Cool for your cooling baths.
New Porta·Cool is the answer for fast. easy set up of your cool ing
baths. It's compact and completely portable. Cools rapidly and
keeps cool. Cooling begins immediately at the flip of a switch.
No need for "watch dog" monitoring. Simply turn it "on" and
forget it (forget about ice, too). Porta·Cool is a self·contained
unit consisting of a compressor·type refrigeration system that
works through an efficient multi-coil cool ing head. The rapid
cooling rate will reduce the temperature of a five gallon unin·
sulated tank of water from 25'C to 0 C in less than two hours.

Use the new Porta-Cool with a Porta-Temp.
Used in conjunction with Precision's Porta·Temp-a compact, con­
stant temperature bath heater, controller, stirrer (only $125)­
the Porta-Cool makes any container a low cost, wide range con­
stant temperature bath and circulating system. Will maintain a
temperature from 5'C to 90'C at a uniformity of ± 0.25'C or
better. Priced at only $295 the Porta-Cool offers low operating
cost and virtually maintenance free operation. Play it cool .
buy now from your near-by Precision Distributor or write us for
Bulletin No. 628.

Since 1920 • The finest in Quality Laboratory Apparatus

mrul.....-P_R_E_C_IS_'_O_N--Jlim, SCIENTIFIC CO.

3737 W. Cortland Street. Chicago. Illinois 60647

Local Offices in New York. Chicago. Los Angeles
See Buyers' Guide for all produds/sales offices.

Circle No. 74 on Readers' Service Card
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NEW PRODUCTS

Ceramic ion chamber detectors can be
used for studies of ultraviolet radia·
tion in the 1050 to 1500 A. region.
With selected window and filling gas
materials, these chambers can be
made to operate over a relatively riar·
row spectral span either as unity gain
ionization detectors or as gas gain ion­
ization detectors. In the latter model
gas amplification of 100 to 1000 is
common. Quantum efficiencies range
up to 60%; signals with a photon
flux of 100-1000 photons per second
can be detected. The chamber can be
supplied with various combinations of
window material and filling gas suit·
able for use in selected wavelength
regions of the vacuum ultraviolet.
Melpar, Inc., 7700 Arlington Blvd.,
Falls Church, Va. 22046. 404

Spectrophotometer

The :.'I'lodel M sp~ctrophotolll~ter has
been designed specifically for automated
operation in monitoring the liquid efflu­
ents from chromatography columns.
In addition, it functions a5 a con\'en­
tionaI spectrophot ometcr O\'er the
wavelength region from 200 to 00 m",
Whcn used for monitoring chromato­
graph effluents in the automated mode,
it nlOnitors and records a single wave­
length until energy absorption increases
above a preset threshold. As soon as
the threshold is ",ceeded, automatic
wavelength scans are made for each
collected fraction of effluent. Canal
Industrial Corp., 4935 Cordell Ave.,
Rethesda, :'dd. 20014. 405

Research Chromatograph

The Panchromatograph is designed
for rcsearch "'ork which invoh'es differ­
ent detector combinations and flexiblc
arrangements. Combinations of de­
tectors, and speci:\lized column outlet
features are possible because of the use
of a patcnted column effluent SpJitLllg
deyice known as a molecular cntrainc·r.
A low thermal-mass temperature pro­
grarnmable oyen with forced cool11l~

facilities is provided; and det~ctors

nre mounted in :Ill independent i50­
Ihonn:110\·en. W. G. P,'e & Co., Ltd.,
i' n. nn, 1\1). Cnmbridge. Englancl.

406



Permh~ion hereby granted to photocopy this page. That way if there
are any other reoden of this copy of the mogoz.ine, they get a chance
to use the coupon themselves. According to how these moilers are
supposed to be handled in your setup, either send the filled-in coupon
to UI at Roche~ter or to your purchasing people to replace with what-

ever paper will make them happiest. Price~ are f.o.b. Rochester, N. Y.,
subiect to change without notice. We can't afford to fill orders tOlaling
le~s than S 1O. But we ore always glod to send a catalog or abstract
absolutely free.

Jications. I am reminded that it would be con­
venient to ha\e you send mc the following:Send 5 g. of E"s·"t.,,, 9724 (S7.90)

Send I litcr of Spcctro Grade
f)ichloromethane (SI0.40)

~ S('lld lhe list of -::-complcx ma.\.ima and
abstract of procedure

C Send L'han of your line of Sp('clro
Grade solvents

Distillation Products Industries
(Division of Eastman Kodak Company)

Rochester, N. Y. 14603

~-------------------------------------,

I
I
I
I
I

--------------------------

EASTMAN Organic Chemicals

from I~~j I

___ZIP _

A few months ago a rapid procedure
was published (J. of Gas Chromafog~

raph.,·. Feb. '65. p. 67) for completely
resolving fatty al11incs by GLC of their
N-n-alkyltrifluoroacetamide derivatives.
By "completely," the authors meant nOl
just sorting out by the number of carbon
atoms but being able to tcllthe saturates
from the unsaturates and the mono­
unsaturates from thc polyunsaturates
without going through the lengthy
business of acctylating the amines to
acetamides. The trifluoroacctamides are
nothing at all to prepare with Tnjluoro­
acetic Anhydride, E,\STMAN 7386_ In this
case referring 10 the reagent as EAST~·'AN

7386 is more than a convenience. We
stopped in to chat at the company where
the procedure was devised and learned
from one of the authors that the rcso­
lution is notably sharper with E.-\ST~IAN

7386 than with other trifluoroacetic
anhydrides_ Apparently there arc cases
where a trademark can be as important
to the buyer as to the seller. Must be a
lot of such cases.

CITY

STATE _

ORGANIZATION _

NAME _

>I<J.A .COS. ~6, 1150 (1964)

Buy a bunch of perky graduate students
a boule of PAT and watch them ha\"e
fun. PAT is an afTectionatc acronym for
phenylazotriphenylmethanc. There will
be a lot of big lalk about ..:age reactions,
and \\ hether geminate processes can
ever really be enough to shut up the
radic~11 chemists. and where the hydro­
gen comes from to form all that benzene*
from the free phenyl radicals that PAT
spills into pure Cell, and how anybody
could possibly call PA T a phenyl radical
sca\"engcr \\hile talking about it Ollt of
the other side of their mouth as a grand
source for phenyl radicals. Talk like
that drifting down the corridors will be
driving their future bosses to longer and
longer lunch hours with coevals from the
Classes of 1937-41.

\Ve prcfa to make things tougher for
ourselves by hiding PAT under the
oOicial name 1', 1'. r -Triphenylhell::elle­
a::omerlulJlt' but hoping it will be re­
membered as E..\ST\lAl': 9599. We furnish
it as the bright yellow crystalline solid
¢I\: = NC¢!:t. In solution (the choice of
solvent being a pretty expansible topic)
it comes apart into many kinds of
brightly ~lcti\·e fragments that cither
diffuse away to inlcresting advcntures
or else cl ing together in a busily inter­
acting microcosm unentered by solvent
ll1okcules. It is called a cage by the
smarties. Yet how can industry hope for
a future without grabbing the smartest
smarties it can lay hands on'?

Send 25 g. of E"s·'M"" 7386 (S4.15)

Send 5 g. of E"s""t"" 9599 (S6.55)

Despit(' your undeniably brilliunl efTons to
stimulale my inlerCst in the topi~s on this page,
I find il surprisingly easy to resist your blandish­
menls. You have not labored in \ain. howevcr.
As offered in your catalog and or other pub-

The U. S. Air Force has been kind
enough to develop a new electron acceptor
amI kind enough 10 tell the world about
it. including us, who klVe promptly
made and marketed it :IS EAST\I,\:"-' 9724,
9-( Dicyanomelltylene )-].4. 7-11";l1ilI"0­
fluorene. This is a fine thing for
an air force to do. - .....1IIii..01

E,\STMAN 9724 makcs i.-COI11-

plc.''\es with hydrocarbons. '7:-complexes
notably less inclined to dissociate on
crystallization than the r.:-complexes of
2.4.7- Trillitro-9-fluo,.ellolle (EA ST \1 ,\ ~

7135). Less poient a ::-;lCid than the
mighty TetracymlO('111.1/eJll' (E"ST\IA:--:

7883), the nitrilated trinitrol1uorene is
stronger than its parent. \\hich (mes its
fame to a Ph.D. candidate \\ho. a
decade ago, acquired a brge number of
our benzene deri\ati\cs and watched
them under the microscope to see \\hich
\\ould and which wouldn't form brightly
colored addition compounds \\ ith the
trinitrofluorenone from a fusion mix­
ture. Hoping at the oulset for a touch­
stone 10 tell the mononuclears from the
polynudears, he wound up instead \\ ith
a set of selection rules {h;ll his successors
in interest have su..:cinctly summarized
in (he 1t-bonding COIlL'CPI. ",oW :111
arom;llics have been fitted out hy- the
theoreti~ians with h;lios composed of
the pooled left-over eleclrons. Unless
electron-loving substiluents h;l\T drained
otT the ;:;-c1oud or the h:l1o has b('cn
Oth~rwjse bent somehow. ~l 11\.'\\- varietv
of stable complexes \\ ill be formcd witl)
the trinitroHuorcnone :-.tructurc. Except
that if the Air Force is right and you do
it with EASn.'!,\N 9724 instc~IJ. the C0111­

pk\.cs will be more st~lhle. Thc absorp­
lion maxima of the charge-Iransfer
bands- whencecomcs the bright color­
o~\'''lIr at longer wa\"clcngths that do not
confuse with the absorrt ion banJ.:-. of the
aromatic hydrocarbon donor:-.. \Vant a
list of the maxima as ::ocen in Dic!lloro­
I1Icr!Ul11r (EASTMAS 5342 is the Spectro
Grade)? They're bcautifllll! spaced.
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THE FLOW SHEET
One of a series devoted to

enriching the- Art of conveying & controlling fluid.s

V J 50th ANNIVERSARY

.nlett . . 1:15-1965

Photometers

:-lo 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 deterlT\ining 'rery small
amounts of these substances.

KLett-g~PluJtoekci!Uc
qkM.ee"e~

:("--

DELIVER A METERED AMOUNT
OF GAS,
Constant flow regulator com­
bines functions of a reducing
valve, metering valve, and flow­
meter in one unit. For use with
any gas non-corrosive to brass
and aluminum.

METER GAS SAMPLES.
This fine metering valve comes
with aI' stem, 1/16" orifice,
and a micrometer vernier handle
for precise reproducibility of
flow settings,

Working With
GAS ANALYTICAL
INSTRUMENTS?

Let Hoke Help You ..

SELECT FLOW DIRECTION, T
New Selecto-Mite, 3-way ball
valve lets you select or divert ,;;<r1l.=tJ~...'!:!. '
2 streams into a single line, ~ -~ iIC!!
"Dyna-Pak" Teflon packing and .. ;.'
seats seal the valve against
leakage,

PROTECT SYSTEMS AGAINST
IMPURITIES_
Sintered filtering element traps
micron contaminants before they
damage your costly equipment.

•

,===KlETT SCIENTIFIC PRODUCTS,==="
PHOTOELECTRIC COLORIMETERS. BID·COLORIMETERS

COLORIMETER·NEPHELOMETER COLONY MARKER

• KLETT REAGENTS. GLASS CELLS.

•

Manufacturing Co" Inc.

I=-=--=-=--- --L----------

i Klett

And don't forget to hook-up the entire system
with New, Hoke Gyrolok Tube Fittings, A catalog
is availahle,

For complete information on how these Hoke
products can help you, contact your local Hoke
distributor or write to us directly,

Hoke Incorporated' 1 Tenakill Park • Cresskill, N. J. ,

See Buyers' Guide for all products/sales offices.
Circle No.8 on Readers' Service Card

I 179 EAST 87TH STREET, NEW YORK, N. Y,

Circle No. 16 on Readers' Service Card
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Filtertown, Mount Holly Springs. Pennsylvania

See Buyers' Guide for all products/sales offices.
Circle No. 33 on Readers' Service Card

Write for" catalog information on the

complete E-D line of laboratory and in­

dustrial iilter papers. If you have a special

fillCrll1g problem, let our paper engineers

help yuu with the solution.

Han. Plant Manager makes sudden cut in production, chief
chemist fails again in search for instant sake, and Han. Board
Chairman arrives for inspection tour. Ah, so. But fortune yet may
smile. Confucius say, "wise man find no pressing problems when
he use E-D filter paper."

A modest exaggeration, perhaps, but one thing is sure ... wher­
ever you find a laboratory, these days, or a processing operation
utilizing filtration, you will probably find E-D, the ubiquitous
filter paper, on the job. Why? Three good reasons:

First - Users know that the quality and uniformity of E-D
papers is assured by meticulous quality control at every stage of
manufacture.

Second - E-D can supply a broad standard assortment of both
laboratory and industrial papers to meet most requirements.

Third - Users like the service they get from E-D. [ owhere else
can they get such prompt. courteous attention to small orders,
special requirements, etc.

10111"'1',11"'1'

THE EATON-DIKEMAN COMPANY

Model 1800 % meter, f/6.8 Czerny­
Turner spectrograph minimizes coma
by using two mirrors of unequal focal
length. The result is a 10" spectrum,
4" of which are essentially aberration­
free, while the remaining part is satis­
factory for qualitative surveys and
photoelectric readout. Between the
camera mirror and the plate holder
a kinematically-mounted mirror at
45° may be inserted to direct the
light to a side exit slit and so convert
the instrument into a monochromator
or scanning spectrometer. Radiation
emerging here can be read and re­
produced to 2 A_ Accessories include
a polychromator, a rotating refractor
plate for recording spectra on an os­
cilloscope; an entrance beam monitor;
cryostat for cooling photomultipliers;
and a wavelength potentiometer to
drive an X-Y recorder. Uses include
pulse radiolysis in which absorption
of substances is studied before and at
small increments after exposure to
ionizing radiation. Spex Industries.
Inc., 3880 Park Ave .. Metuchen, N_ J.

407

An 11" X 17" X-Y recorder "'ith I,
calibrated d.c. ranges on each axis, sen­
sitivities from 100 }Lv/in. to 20 v/in.,
and 140 db. common mode interference
rejection on the three most sensitive
r~lllges is available in bench, rack, or
metric models. Features include an
impro'-ed time base with 8 calibrated
sweeps, applicable to either axis, a con­
tinuously adjustable sweep mode with
automatic recycling, and a push-button
zero-check switch in each axis. Hew­
lett-Packard/Moseley Diyision, ~33 N.
Fair Oaks Aye., Pasadena, Calif. 409

D.C. X-Y Recorder

Vacuum Evaporation

A new vacuum evaporation system,
with no rotating joints, is available with
flask ca.pacities from 50 m!. to 5000 m!.
The evaporation rate independent of
load is 10 ml.lmin. at 30 mm. Hg.
LeSi' thnn one minute is needed for
pump down_ The equipment can be
provided ,,~th a manifold for four
250-ml. flasks and can be easily adapted
(0 continuous feed, if desired. Zymel
Corp. Box 482, Af(I~le", '\. Y 408
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NEW PRODUCTS

New B THERMOZONE ovens and incubator provide more
uniform heat, in a hurry
The entire inner chamber is a radiator, reducing the stratified heat effect com­

mon in many ovens and incubators. Temperature is unusually stable and

spatially uniform. There's plenty of capacity for quick warm·ups and rapid

recovery (ovens reach 200 0 C in half the time of some competitive models).

Check these and other features of our new Thermozone ovens and you'll see

they represent the best solid value in their class. Insulation-3" fiberglass on all

sides of chamber; Cabinet-double walled, space saving door, easily banked;

Temperature Range-ambient to 2300 C (Incubator model, ambient to 600 C);
Hydraulic Thermoregulator-with auxiliary guardian contacts for added safety;

Turbo Blower-on forced draft models; Underwriters' Laboratories approval.

Sodium ion analyzer continuously and
automatically determines sodium con·
tent in the p.p.b.·range. Basic com·
ponents of the system include the
panel·mountable amplifier unit, con·
sisting of the amplifier with meter;
the electrode flow chamber housing
the sodium sensitive and reference
electrodes; the pH adjusting system;
and the necessary tubing and valving.
Two standard ranges 1 to 1000 p.p.b.
and 1 to 1000 p.p.m. are available;
other ranges can be ordered. Beck·
man Instruments, Inc., 2500 Harbor
Blvd., Fullerton, Calif. 411

Electronic Galvanometers

Several new models of electronic gal­
vanometers are a"ailable. Model A has
a power sensitivity of 8 X 10-1• watt
per division. Input resistance is 180
ohms on three ranges of ±30 na., ±300
na., and ±3 na. HB" models differ in
these respects; sensitivity, 5 X 10-"
ampere/scale div.; 4.5 X 10-1• watt/­
scale division power sensitivity; input
resistance 18 ohms; ± 100 na., ± 1 ,ua.,
and ±10 p.a. current ranges. Fluke
Mfg. Co., Box 7428, Seattle, Wash.
98]~~ 410

Price
350.00

Price
335.00
440.00

Price
$230.00

345.00

Watts
850

1250

Watts
800

1200

GRAVITY CONVECTION OVENS
Inside Dimensions

52750·10 12" h. x 13" w. x 12" d.
52750·20 18" h. x 19" w. x 15Y,' d.

INCUBATOR-Temperature Range, Ambient to 600 C.
Inside Dimensions

31900·10 18" h. x 19" w. x 15Y," d.

FORCED DRAFT OVENS
Inside Dimensions

52755·10 11" h. x 12" w. x 12" d.
52755·20 17" h. x 18" w. x 15Y," d.

RADIANT
HEAT
MAKES
THE
DIFFERENCEI

Check THERMOZONE before you buy your next Oven or Incubator
Call or write for Bulletin or demonstration

B MATHESON SCIENTI.=IC
Available only from

BELTSVILLE, MO. 20705
t0727 T"cker Ave.
Phone(30l) 345-95~

CINCINNATI 45237
6265 Wiehe Road
Phone (513) 731-9100

CLEVELAND 44125
4540 Willow Park....ay
Phone (216) 883-2424

CHICAGO 60622
1735 N. Ashland Ave.
Phone (312) 278·4630

DETROIT 48228
9240 Hubbell Ave.
Phone (313) 836·3301

HOUSTON nOli
6622 Supply Ro....
Phone (713) 823·16Z7

KANSAS CITY, MO. 64111
3160 Terrace Street
Phone (816) 561·8780

LOS ANGEL.ES 90022
5922 Triumph Streel
Phone (213) 685-8060

OAKLAND 94601
5321 East81h Street
Phone (415) 533-9169

PHILADELPHIA 19148
Jackson & Swanson Sis.
Phone (215) 462--4700

Portable RefricJeration Unit

The Porta-Cool is a new portable
self-containeel refrigeration system for
cooling baths in the laboratory. The
rapiel coolin.~ rate will reduce the lCI11­

perature of a fh'e-gallon uninsulitted
tank of water frolll 25° to 0° C. in less
than two hours. The unit is ideal to
use with the company's Porta-Temp,
compact constant temperature bath
heater, controller, stirrer. Used to­
gether they make any container a low
cost wide range constant temperature
bath and circulating system-will main­
tain a temperature from 5° to 90< C.
at a uniformity of ±0.25° C. or better.
Precision Scientific Co., 3737 West
Cort land St., Chicago, Ill. 412

See Buyers' Guide for all products/sales offices.
Circle No. 130 on Readers' Service Card
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No metaf to contaminate water
Independent heater circuits
Operates on 120 volts AC or DC'

0•• SCIENTIFIC APPARATUS AND CHEMICALS

0. HOUSTON. tUlSA. BIR""''''"AM • HEW ORLEANS. MIAMI
• DAllAS. JACIISOHVlllE • ATlANTA. CORPUS CHRISTI
·0 U8UtlUUlIUE .....EMPHIS • SAN ANTONIO. MUleo CiTY

No. 7170,
3 liters
per hour

plug in the electric heaters. Space required is
only 14 in. wide b:, 9 in. deep by 36 in. high.
For complete information. write W. H. Curtin
& Company. P. O. Box 1546. Houston. Texas
77001.

W.H~·~.. CURTIN II CD.

•

Circle No. 60 on Readers' Service Card

Now you can get quantities of high purity,
pyrogen free, water with two new FABCO All­
Glass Water Stills. FABCO distilled water has
a resistivity of 1.7 megohms/cm" and a total
solids content of only 0.3 ppm. Two models are
available. Both are constructed entirely of glass
and use VYCOR immersion heaters. The 7170
delivers 3 liters of distilled water per hour: the
7170B delivers 1 Y2 gallons per hour.
Condenser design is unique in that it incor­
porates two independent trapping systems­
permits only the hottest, therefore. the purest
steam to condense over. If the steam is not hot
enough to get through the traps. it refluxes
back into the boiling pot. A constant level
device and overflow keeps water in the boiling
pot at the proper leveL
The FABCO Still is simple to use, just hook
up Nylon SWAGELOKS for water tubing. and

Circle No. 115 OR Readers' Service Card

PARR INSTRUMENT COMPANY
211 Fifty-Third St.. Moline, Illinois

This new enclosu re provides steel plate protection
against accidental explosions when firing any Parr
sodium peroxide bomh. It is recommended especially
for flame ignition IHOl'E'dure:-:; in which the bomb
must be heated to a high temperature to force a
reaction to completion. It should also be used when·
ever there is reason to sllspect that a sample might
react violently during the comhustion process.

Ash for Speci/icolion 2150

PARR Safety Shield
For Sodium Peroxide Bombs

Constructed of 3/16"
steel plate. 12" wide x
10" deep x 15" high with
a 3/4" safety glass win_
dow.
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A new concept in pH meters .••

NEW PRODUCTS

Strip Chart Digitizer

Data from strip chart recorder" can
be translated semi-automatically onto
punch cards for digital computation
and programming with the :Vlodel 1020
strip chart cligitizer. The unit [I rives a
st,andard keypunch such n.' the IBM
024, 026, or 526. It i, an off-line
system and does not require the use of
,\ computer for digitizing. noth X and
Y coordinate resolution i- 0.01 inch.
Drive speed and punching rate are
"'triable. Technical Enterprises Corp.,

2217 Calumel Dri"e, Houston, Texas
77004. 413

Thin Layer Chromatography
Supplies

Glass plates (1" x 3" and 8" X 8")
and 8" X 8" '>hlar sheets for UStl in
thin layer chrom'atography are availa­
ble. Absorbents offered are silica, cellu­
lose, and alumina. A newly developed
method of application ensures uniform
co"crage of absorbent. Ladd Corp.,
1215 Washington St.. Wilmette, IlL 414

Briquetting press, Model 4500 for
routine preparation of x·ray, optical
emission, and infrared samples, is a
30·ton press with a two·stage pump
for rapid operation. A swing·away
anvil allows easy die access. Bri·
quets are formed in one simple opera·
tion and there is no need to remove
the die to eject the specimen. Stand·
ard molds from 1/4 " to 1 %" in di·
ameter are used. Angstrom, Inc.,
2454 West 38th St., Chicago 2, III.

415
Interchangeable power supplies for laboratory arid field.

Accuracy and stability found heretofore only in the
highest priced meters.

Rugged con'struction for use in any environment under
field conditions.

SARGENT MODEL PB-with modular mercury cell power
source providing over 6 months of
normal usage in the field.

MODEL Pl-with modular Zener reference line
power source for continuous use in
the laboratory.

• Relative Accuracy. for the most exacting purposes, readable to 0.02 pH,
with meter accuracy of -= 0.03 pH within 4 pH of the standardized point,
and:±: 0.05 pH anywhere on the scale.

• Stability. for long term use without need for readjustment, eminently
suitable for recording, with circuit drift less than 0.02 pH per hour after
short initial warm·up.

• Rugged Construction. for use in any locale, any climate; moisture,proofed,
transistorized circuitry, shock-proof case.

MODEL PB-Cat. No. 5·30007 with batteries, buffers and electrodes .... $255.00
Cat. No. 5-30007·10 with batteries only, for use with any
electrodes $215.00

MODEl Pl-Cal. No. 5-30008 with line power source, buffers and
electrodes , $295.00
Cat. No. 5 4 30008-10 with line power source only, for
use with any electrodes. . . . . $255.00

Power Supplies Cat. No. 5-30007-15 Zener Line Source for substitution in Model PB
meters ... $60.00; Cat. No. 5-30008-15 Mercury Cell Source for substitution in Model
PL meters. . $20.00. For information, write for bulletin pH?

-.'SARGENT® SCIENTIFIC LABORATORY INSTRUMENTS· APPARATUS· CHEMICALS

E. H. SARGENT a co.. 4647 W EST F 0 S T ERA V E N U E. CHI C AGO. ILL I N 0 I 5 60630

Chicago. Anaheim, Calif.• B;rmil~(lham • ~a'ias • Denver· D!'.:~roit • Sp"",:g:I~ld, N,J .• Toronto. Canada

See Buyers' Guide for all products/sales offices.
Circle No. 101 on Readers' Service Card

102 A • ANALYTICAL CHEMISTRY

pH Electrodes
Eleven new e;ectrodes 01 ,..:ix basic

types->il\'Cr billet, platinllln, -emi­
micro combination, minial11re pH l

miniature reference, and mrrCll]'!' in­
ten"11 pH-are now available. The,'
;lre oupplicd with varying lea I lengths
and connectors, and the miniature pH
t"j1r' offer choice of silvcr-sih-er chlo­
ride or mercury internal dements.
There ar~ now 23 electrodes, vaiiable
from the company. Cornin~ Glass
Works, Corning, N. Y. 416

Spectrokem spectrophotometer has a
range from 400 to 750 m" and a
bandwidth of 15 m". Sensitivity and
stability are provided through the use
of constant voltage circuitry to both
exciter lamp and photoconductive cell.
A flow·cell and pump system are
available optionally. Golden Instru·
ments, Inc., 2519 N. Elston Ave.,
Chicago. III. 60647. 417
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Isopropyl Alcohol Reagent (72961)

TYPICAL ULTRAVIOLET SPECTRA
FOR MERCK

SPECTROPHOTOMETRIC SOLVENTS

Methyl Alcohol Anhydrous Reagent (07143)

********Methylene Chloride Reagent (73891)

Carbon Tetrachloride Reagent (18392)

Chloroform Reagent (20902)

Arrows Show Wavelength at Cut-Off Point
Spectrophotometer Used-Cary Model 14

You can have complete confidence in the
performance of Merck Spectrophotomet­
ric Solvents, since the spectra shown are
actual, not merely theoretical. As always,
you can continue to look to Merck reagents
for dependable reproducibility. To all
present and potential users of spectro­
photometers. Merck has a free <lSpectro­
solvents Kit" waiting for you at your
local distributor. So pay him a visit soon
while the supply lasts.
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MERCK LABORATORY CHEMICALS
Distributed by QUINTON COMPANY, Division of Merck & Co., Inc., Rahway, N.J.

See Buyers' Guide for all products/sales offices.
Circle No. 16 on Readers' Sinice Card
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Now there's room in );our
favorite chromatograph for

VOOrI C!Jr&~~c
GAS DENSITV

BALANCE

REDUCED IN SIZE - to a compact 2'," x 2" x 2", \\'ithout loss
of signal, this newest GOW-MAC Gas Densit)' Balance fits the oven
designed for thermal conducti\·it.\' celk Same eircuitr,', same read­
out, same coluD1n:-5.

DETECTOR ELEMENTS - neyer ,ee the sample. The)' may
be 2 hot wires, ~ hut wires or 2 8K thermistors.

ADVANTAGES - standardize" on ([II!! ga" of known dens it)'.
Gses cheap "'" CO" or other carrier.

LIFE EXPECTANCY - almost unlimited.

LOGICAL - no anomalous beh",·iol'.

NEW PRODUCTS

Calorimeter cell shown is the latest
plug· in accessory for the Model 900
differential thermal analyzer. The
cell measures specific heat and de·
termines heats of transition and reo
action in the range from -100° to
700° C. Thermal data obtained with
the cell supplements information pro·
vided by the basic Model 900 DTA
unit. E. I. du Pont de Nemours & Co.,
Wilmington, Del. 418

ON DISPLAY AT:
A. C. S. Exposition, Atlantic Cit,'. Sept. 22-24. Booth 'J18
International G. C. S,·mplbium. Houstun. Oct. 18-21
Eastern Analytical S,·mposium. :\'e\y York Cit,'. :\'0\'. 17-10, Booth 55

Ask toda)' for Bulletin SD GADE 2G.l. WLlh bibliograph,' on Gas
ChrCJmatography and :VIolecul"r Weight Determination: also Tech­
nical Bulletin TE-G~6-7G.l for specifications on aboye :Vlodel G25.

GOW-MAC INSTRUMENT COMPANY
101 KINGS ROAD, MADISON, NEW JERSEY 07940-Tel. (201) 377·3450

, GAS ANALYSIS INSTRUMENTS SINCE 1935

Circle No. 177 on Readers' Service Card
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Simulated distillation apparatus pro·
duces data comparable to that ob·
tained from a 100·plate analytical dis·
tillation unit, but in 1% of the time.
Model 900 is applicable for products
ranging from Cj to C42 (b/p. 10000

F.) and above. The separation column
can be automatically cooled to -60 0

C. and programmed at linear rates to
300 0 C. The integrated signal is ac·
cumulated and printed out every 10
seconds. Wilkens Instrument & Re·
search, Inc., 2700 Mitchell Dr., Wal·
nut Creek. Calif. 94597. 419



THE NEW PHOENIX SCANNING
DUAL WAVELENGTH

SPECTROPHOTOMETER
WANT TO MEASURE ABSORPTION CHANGES OF 3 x 10-3 0.0. UNITS IN
TURBID MEDIA? Conventional spectrophotometers are not satisfactory under
these stringent conditions, so we've provided an unconventional spectro­
photometer for this purpose. It is a single instrument capable of operation
both in a dual wavelength mode and as a high sensitivity scanning double
beam spectrophotometer. Although it is primarily intended for studies in
enzyme kinetics, oxidative phosphorylation and photosynthesis, it is ex­
pected to have application in other areas where small 0.0. differences
have to be measured in optically dense media. For complete technical
details write for Bulletin PMD-IOOO.

~ PHOENIX PRECISION INSTRUMENT CO.
~ A Subsidiary of CENCO INSTRUMENTS CORP.

3803-05 N. 5th Street. Phifa., Penna. 19140. U.S.A.
\\lurid 'Vide Sales and Sen"jet;

See Buyers' Guide for all products/sales offices.
Circle No. 72 on Readers' Service Card

CHEMICAL
INERTNESS

LOW
HYSTERESIS

FUSED QUARTZ
TORSION FIBER

WIDE
TEMPERATURE

RANGE

FUSED QUARTZ
BOURDON TUBE

HIGHER ACCURACY AND SENSITIVITY
than any other mechanical pressure measuring

system utilizing the Bourdon Tube principle

RUSKA INSTRUMENT
CORPORATION

WORDEn Quartz Products, Inc. Division
P. O. Box 36010 • Houston, Texas 77036

Circle No. 82 on Readers' Service Card

y'-W
: , :-: :: ; :

carries on
where other

SPEGTROPHOTOMETERS
leave off.

Worth writing for
ADM-JO, Microchemical and Instrumental Analysis
describes techniques for identifying particulate con­
taminants, using Millipore filters, in optical and elec­
tron microscopy, microchemical spot tests, ring oven
analysis, infrared and ultraviolet absorption spectros­
copy, flame photometry, radio-activity analysis and
other related methods. To receive a free copy of this
80-page manual, write to

MANUFACTURERS
Of MINERAlIGHT@

8LAK-RAY@

CHROMATO-VUE@
5TERllAIRE@

5114 Wafnut Grove Avenue
San Gabriel, California

ULTRA-VIOLET

PRODUCTS.. INC~

for infonna[ion rcg<lrJing these
exceptional units see your near­
c:st lahoratof\" Ji::.tributor or write
for information on the new
CHROMATO-Vl'E Model C-5.

Circle No. 92 on Readers' Service Card
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• Powerful ultra\"ioler lamps. Easy to operate control
ranel • .i\f\)\"ablt eycriccc • Adjustable entrance curtain

• Contrast lilttr • Handsome housing

Thanks to the all new CHROMATO-VUE@ viewing
cabinet with its re"olutionary accessory. the BLAK­
RA y1l' and Mineralight'R TRANSILLUMINATOR,
you can now obscn"e fluorescence in cX;lcting detail
never before seen in the laboratory on:

• TLC plates. Paper c!lronutogrllll1S - 13:lCterial cultures
• Animal tissut:s • Pharmaceutical compounds

• Bot.anical specimens

Outsl.lI1ding new cabinet design features include:

STARTING SEPT. 1
FLUORESCENCE WILL BE

200% BRIGHTER

ADM·70
APPLICATION
DATA MANUAL

and Instrumental

Millipore® FILTER CORPORATION
115 Ashby Road. Bedford, Mass.

(

MilliPOte ... hllers ale cellulose plaslic porous membranes maae In)
twelve pore-size grades from g microns down 10 10 millimlCfons" In
microfillrationoranalysts.allmatleriargerthanthefillerporf'size IS
screened from flutoS and relatned on the f.ller surface

Circle No_ 143 on Readers' Service Card



115 E. Maple Avenue, Langhorne, Pennsylvania relephone, (215) SK-7-9874
Circle ND. 172 on Readers' Service Card

TRY ONE!-Call for a demonstration
Dalla" (214) AD-5-4740 Boston, (617) 894-7220 NJjNY (201) 445-7171
Atlanta' (404) 874-4287 Penna, (215) SK.7-9874 Chicago, (312) 493-6100

Florida (305) UN-5-3970
NY State (315) 454-3209

Model 218, 0.3 meter plane grating
scanning monochromator, operates in
the range 1050 A. to 16 microns.
First order resolution is better than
0.25 A. The instrument features spe­
cial aspheric optical surfaces and
snap·in type gratings. Conversion
from atmospheric to vacuum opera·
tion and flexibility of positioning are
offered. McPherson Instrument
Corp., 530 Main St., Acton, Mass.
01720. 420

NEW PRODUCTS

Acoustic spectrometer Model VII with
frequency counter and X-Y recorder
can be used to measure Young's
modulus, shear modulus, Poisson's
ratio, and internal fraction or acoustic
absorption. Determination of acous·
tic absorption bands as a function of
frequency and temperature aids in
the study of micro· and macro-struc·
ture. Samples, solids of any size or
shape or liquids, may be in the tem·
perature range of -300° to 1000° C.
Frequency range is from 20 to 40,000
cycles; frequency scanning ranges
are selectable from 15 to 430 cycles;
scanning rates are from 1 to 50
minutes. Resonance amplitUdes are
recorded as a function of frequency
and also linearly or logarithmically
with time to permit study of annealing,
fatique, gelation, and polymerization.
Nametre Co., 1246 Highway 27. High­
land Park, N. J. 421

ASSOCIA TESSALES

Atomic
Absorp­

tion
Spectro­
photom­

eter
82,850

NEW!

EVANS' BEST
SELLERS

• Photometers
• Galvanometer
• Flue Dust Monitor
• D. C. Microamme·

lers
• Chloride Meter
• Nephelometer Head
• Electrophoresis
• Micro Photometer
• Photo·Extinction

Sedimentometer

STON E for75yearstheonlyperma·
nently satisfactory material

for chemical laboratory table tops, shelving, sinks, splash backs, drain boards
and fume hoods. Prompt delivery. ALBER ENE 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.

COLORIMETER $195.00
Over 25,000 sold!

• Line and battery models • Price includes spare lamps,
• Cast aluminum housing set of test tubes & 3 filters
• Stabilized light source • Full range of filters available
• Incorporates filter & test • Reads in inverse logarithmic

tube stand (optical density) scale
• Low cost-high accuracy

INTERNA T10NAL

OTHER INSTRUMENTS

FROM EVANS

• Amino Acid Analvzer
• Flame Photometer
• Absorptiometer
• Hl!SMeter
.502 Meter
• Fluorimeter
• Titrator
• HbMeter
• Speclra
• Prothrombin Meter
• Powder ReAeetomete,

ALBERENE
Circle NO.4 Dn Readers' Service Card
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NEW'
ASTANDARD
ION CHAMBER
For the Laboratory

NEW PRODUCTS

Universal Colorimeters

Colorimeters with eeyen built-in
filters peaked at 415-450--480-530­
590-610-640 m" arc an,ilable. The
instruments are compact, 5" X lO"
X 3", and can be supplied for battery
or a.c. operation. Long liie and stable
operation are provided by the 10,000
hour light source and the photoconduc­
tive cell circuitry. In lieu of standard
test tubes, the colorimeters may be used
with disposable rubber bulb glass pipets
which can be suction filled for micro
samples, if desired. Golden Instru­
ments, Inc., 2519 N. Elston AYe., Chi­
cago, Ill. 6064i. 422

presenting . ..

ADVANCED CONCEPTS
in

GAS CHROMATOGRAPHY

San Gabriel, Calif.
91776

Phone
213 287-1868

P. o. Box 201

for FLOW PROGRAMING

Look at Flo-trol For

• Bumpless transfer from isorheic
to programmed conditions

• Panel adiusted column inlet
and program starting pressure

• Continuously adjustable pro­
gram rate

• Standard operating pressures of
0-200 psig

• Suitable for packed or capillary
columns

• Many other interesting options

is proud to present to you an
advanced and most valuable
accessory for your gas chro­
matograph.

The FLo-TRoL programmer
is an instrument with extreme
flexibility and operator con­
venience. For the utmost in
flow control let us demon­
strate to you this complete
accessory; now available at a
reasonable price and with
fast delivery to your labora­
tory.

Flow programming can
bring to you faster analysis
times, lower operating tem­
peratures, better detection of
trace components, all result­
ing in cost savings and en­
hanced research results.

For complete technical data
and for all your chromato­
graphic supplies write:

Model V·40·54HC is equipped with
three individual temperature baths
under a stainless steel table top. Im­
mersion wells are color coded ac·
cording to bath temperature: red for
160° F.; green for 75° F.; and blue
for -400 F. An indicating controller
for each liquid area is mounted at the
end of the cabinet. The high tem­
perature baths have immersion heat·
ers with safety thermostats to prevent
temperature override and liquid agi­
tators to ensure close temperature
control. Dimensions are 114" long
X 44" wide x 34" high. Cincinnati,
Sub-Zero Products, Cincinnati, Ohio
45206. 423

Flying Spot Particle Analyzer

Pesticide spray droplet size and
droplet distribution patterns may now
be studied by analyzing droplet photo­
graphs. The electronic flying spot par­
ticle analyzer makes measurements by
scanning 35-mm. film negatives with a
WOO-line ra~ter generated by a high
resolution cathode-ray tube. The
scanned field of the film is about 18 X
18 mm. A high resolution lens images
the flying spot on tbis field. The
scanner can resolve and measure images
as small as 20 microns_ From a series
of rapid measurements, size distribution
of the droplets, their medium diameter,
and the distribution of spaces between
them may be studied. Airborne In­
struments Laboratory, Deer Park, New
York 11729. 424

For complete details ­
Send for 12-page brochure,
NE-I

Model It-140

For standardization purposes
and accurate measurements
of Gamma and Beta sources

Also used for:

• Calibration of "Generator­
Milking" Radioisotopes:

TECHNETIUM-99m,

Iodine-I32, Gallium-68,
Strontium-87m

and others.

• Re-Checking shipments
from suppliers, in original
containers.

See Buyers' Gaide for all products/sales amees.
Circa_ NO.2 01 R.aders' SeI'YiCl Card
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NEW PRODUCTS

Multiple Target Assembly
for Neutron Generators

Model 9525 multiple target assembly
contains five targets for fast target
changes in neutron generators and other
types of positive-ion accelerators.
Changes can be made without inter­
rnpting the ,·acuum. The device per­
mits alternate use of standard (1.25
inch diameter) deuterium or tritium
target,. It also allowE the operator to
tune up the accelerator on a depleted
target "fter shut-down periods, and
then switch over to a new target for full
output operation. Nuclear-Chieago
Corp., 359 E. Howard .-\ve., DeE
Plaines, Ill. 427

Gas Sample Counting System

A new gas sample counting system
combines high efficiency and low back­
ground for the detection, measurement,
analysis of radioactive gases by the in­
ternal gas counting method. The sys­
tem can measure any beta or alpha
emitt.ing sample which can be prepared

Model 1908 microcalorimeter meas·
ures thermodynamic changes-free
energy, entropy, enthalpy. Heat
changes as small as 5 millicalories
are recorded with an accuracy of
±3 %. The four-module instrument
includes a basic calorimeter unit con­
taining well·insulated twin thermopiles
which hold reference and reaction
vessels. Electrical connections are
such that heat generated by the mix·
ing process is automatically sub­
tracted from the total heat of reaction.
Operating temperature of the calori·
meter can be held to within ±0.2°
C. by the environmental temperature
enclosure module which has a range
of 4°_70° C. The programmer mod­
ule provides presetting of up to 7
mixing sequences. Heat measure­
ments are recorded by the recorder·
amplifier module which has an attach­
ment for integrating the data. Spinco
Division, Beckman Instruments. Inc..
1117 California Ave., Palo Alto, Calif.
94304. 428

Model 15C Series, designed for both
modular and integrated construction
concepts, provides the choice of over
2000 featu re combi nations for gas
chromatography. The instrument can
be single or dual column, isothermal
or temperature programmed. Multi­
ple column switching systems and a
choice of aII types of detector systems
plus two different oven arrangements
are possible. Loenco, Inc., 2092 N.
Lincoln Ave., Altadena, Calif. 425

Haake Rotovisco, rotating viscometer
offers new accessories for high- and
low-temperature investigations in the
range from _60 0 to 400 0 C. Meas­
uring systems according to the Cou­
ette (cup and bob) and plate-cone
principles are available. Shown
above is the control unit with flexible
cable and dual 50/500 gr. em_ meas­
uring head and special high-low tem·
peratu re Couette tempering vessel.
Other new accessories include a pres·
sure/vacuum attachment, and elec·
trical heating with or without a pro·
gram controller. Brinkmann Instru­
ments, Cantiague Rd., Westbury, N. Y.
11590. 426

for some day shipment
write or phone.

but

(in the infrared field)

know of this liquid
sample throwaway!

know of this liquid
throwaway!

If you're one of the few who
haven't tried the new I R
THROWAWAY CELL by LIMIT,
you're missing a time saving
accessory for your laboratory
measurements. Just fill-use
-throw awayl

These AgCI cells are trans­
parent up to 22 microns.
Specify .025, .05, 0.1, 0.2,
0.5 or 1.0 mm path length or
a standard assortment. A box
of ten TAC-1 cells costs just
$2500.

Speed up your infrared stud­
ies with Limit throwaway
liquid sampling cells.

SCIENTISTS
and

NON-SCIENTISTS

ONLY SCIENTISTS

Circle No. 175 all Readers' Se"ici Card
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The Harshaw Chemical Co.
1945 Ellt 911h St. • Cleveland, Ohi, 44106 • Ph", 116111·8300
Utrecht Netherlands-Harshaw-Van Der Hoorn N.V.
Frankfurt, W. Germany - Harshaw Chemle GmbH

NEW PRODUCTS

in the form of a proportional or other
suitable counting gas. Special features
include guaranteed low background
(less than 10 c.p.m. for the 1000-ml.
detector); a choice of four detector
sizes (l00, 250, 500, and 1000 mI.);
and ~even counting modes with two­
detector operation. Carbon dioxide,
methane, and other hydrocarbons or
gas mixtures can be analyzed if they
provide a good proportional pia leau
below 10 kv. Beckman, Scientific and
Process Instruments Division, 2500
Harbor Blvd., Fullerton, Calif. 429

HARSHAW

Infrared
Optical

Materials

Your infrared
transmission
requirements can
be filled by one of
the many Harshaw
infrared materials
which transmit to
70 microns.
Available as blanks
or polished
to your finished
specifications,

The Hall effect is applied in this mag·
netic reaction analyzer. Making use
of a constant amplitude magnetizing
field and a sensitive field detecting
device with flux response independ·
ent of frequency, the MRA permits
non·contact measurement of the mag·
netic and electrical properties of me·
tallic materials over a wide thickness
range--typically from a fraction of a
mil to lf2 inch. It is capable of opera·
tion at frequencies varying from 20
c.p.s. to 100 kc. to provide optimum
operation conditions for each combi·
nation of material properties and geo·
metrics. It permits precise vector
analysis of magnetic field and eddy
currency induction within the test
materials. F. W. Bell, Inc., Colum·
bus, Ohio. 430

Color Sorting System

Automatic measurement and cbssifi­
cation of color shades is now possible
through the combined use of an auto­
matic colorimeter and a computer.
The Colorede instrument compares
,ample, to a standard thirty times per
second and perfonns a logarithmic
measurement. IVlaterinl is cl:1s~ified into
shade groups of a preset tolerance, The
instrument is programmed with the
widel,' accepted MacAdam sFtem for
linearizing color space with respect to
thc sensitivity of the human eye. The
basic system sorts in 27 shade group­
ings; however, a larger number can be
pro\·idcd. Bulletin HB554 provides a
complete description and specifications.
Instrument Development Labs., 67
~rcrhanir St., Attleboro, ~rass. 431

Circle No. 45 on Readers' Service Card

with individual analysis certificates,

as well as
STANDARDS
SPECTROGRAPHIC PLATES
FILM
DEVELOPER
GRAPHITE ELECTRODES

1111111111111INDUSTRIES, INC.• 3880 PARK AVENUE· METUCHEN, N. J.
Circle No. 1S on Readers' Service Card
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100 SKIFF STREET. HAMDEN 14. CONNECTiCUT

NEW PRODUCTS

bath
shown is lined with stainless steel
and provided with an automatic tem·
perature controller, stirrer, and cir·
culator, Temperature is controlled
to ±0.2° C. both within the bath itself
or in separate apparatus through
which the liquid can be circulated by
the attachment of a tube to the
pump outlet of the control unit. Tem·
perature control extends from ambi·
ent to 95° C. The control unit has a
pumping capacity of 53.3 gallons per
hour at zero head and is available
with either 500- or lOOO·watt heater,
Four models of baths have capacities
of 4,8 to 2,0 gallons. Techne (Prince,
ton), Ltd., 661 Brunswick Pike.
Princeton, N. J, 432

costs•

pumps
save

in variable speed stirrers:
From 1/1011.toJ/15 hp
non·sparklng''!!otor With'
clamp or ring stand
just right for your
lab use.

A wide range ...
in midge~pumps:

centrifugal and positive
presSure models-motors
fr6m 1/30 to 113 hp,
capacities to 20 gph,

essures to 60 psi.

power•space

EASTERN INDUSTRIES

weight •

Eastern niob-sixed"
and stirrers

,Eastern has

just the right "-
pumps or mixer for

your laboratory or pilot

plant application, The wide

range of Eastern products lets

you choose standard units so

closely geared to the job that

'they might have' been created

>'Just for it

A complete engineering service

to help you, and a big selection

of more compact, versatile, high

performance pumps and,stirrers:

- this is the formula for your

quick and easy choice. /'

Send for laboratory ~quipment .
f elin, N.n. Ui40~ .,."• ••_.f

CIrcle No. 116 on Readers' Service Card
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Accessories for temperature, pressure, extrusion testing units, etc. are available for all models.

Continuum Radiation Source

A continuum radi;ltion source, con­
sisting of a head and electronic con>ole.
has an intensity that approximate,; that
of a bbck-body at -18,000 0 K, in the
visible and near ultraviolet spectral
regions, Continuum e,,-tencls from 00r,
to 6000 A" with line emissions to 0.5 A
Tbe instrument is suited for ,'ac­
uum-L;Y absorption spectro"rop\"
photoluminescence, and rndiation dam­
age studies, Pulses of about 2 micro­
seconds duration can be obtained, with
risetimes of about 0.4 microsecond to
peak. Reproducibility of intensity i3
within ±50/0, This source is a varuum
instrument and requires no gas-purge­
fill cycle. When used in absorption
spectroscopy studies, the spectrograph
pump is adequate for the V:1cuum
needed. TRW Space Technology l.:ib­
oratories, 139 Illinois St., El Segundo,
Calif. 433

Micropellet Die and Holder
for Infrared

Model 316 micropdlet die, designed
jar use with Perkin-Elmer infrared
spectraphotometers, allows the forma­
tion of a pellet from 10-15 mg. of Enr
directly in the pellet holder, which fil;
into the rnicrocell adapter of the in­
strument. No beam condenser is
needed; reference attenuation of ahollt

*Fot better results use Loomis
11,4" precision x-ray pellet die

Shown-20 Ton Lab Press with New

Compact Power Unit and accurate

handwheel adjustment. Also 30
and 50 ton models. Heating

platens optional.General Lab Use

•
Pellets for X-RAY *

and Other Analysis

•
Plastic, Ceramic

and Metal Forming

•

WRITE FO R BULLETIN-DEPT. A

-IDEAL PRESS
for

FORMING
KBr PELLETS

LOOMIS ENGINEERING & MFG. CO~
22 IT 46 CApitol .--1660 CALOWEU, NEW JERSEY
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NEW PRODUCTS

55% T is necessary. The sensitivity is
slightly more than 7 times that of a
'/ 2-inch conventional pellet, and usable
spectra have heen obtained from as
little as 12~. of sample. The pellet
formed by pressure for 15 seconds at
2000 pounds force is 10--20 microns in
thickness. Adaptors for the Perkin­
Elmer Infracord, Model 137, and the
Beckman IR-5 are also available. W.
R. Hewitt, 7257 Richmond Place, St.
Louis, Mo. 63143. 434

The stopped-flow spectrophotometer
shown provides a fast and accurate
way to mix two liquid components and
measure their absorbance as a func­
tion of time. Solutions are mixed to
99% % completion in as little as two
milliseconds. Immediate stopping of
flow allows absorbance measurements
to be made free of interference from
turbulence. Minimum sample per
measurement for each component is
0.1 m!. The optical system consists
basically of a tungsten-iodide lamp
with a quartz envelope, and a 215­
mm. focal length grating mono­
chromator. Fixed slits are provided
for bandwidths of 1, 2, 3, 6 and
12 ml-" Absorbance may be read
over the range of 3500 to 8000 A,;
an accessory can extend the lower
limit to about 2500 A, Durrum In­
strument Corp_, 925 East Meadow Dr.,
Palo Alto, Calif. 94303. 435

Surface-Area Measurements

The Sor-BEl' performs rapid, ac­
eu rate BEl' determinations by the
classic procedure of measuring the re­
,idual pressure after adsorption of ni­
trogen by a sample. The instrument
differs from conventional units in
that nitrogen is selectively adsorbed
from a binary gas mixture consisting
of helium and nitrogen. Samples meas­
uring from 0.1 to 1500 m2 /g. can be
handled with sample sizes ranging from
0.1 gram to 20 grams or higher. If
three-point detenninations are made,
six or more samples may be run in a­
day. Accessories available include a
vapor pressure manometer, calibration
'-olume kit, special sample holders, and
vacuum grease. American Instrument
Co., 8030 Georgia Ave., Silver Spring,
'Vrd. 20910. 436

MAKE YOUR ESR/NMR COMPLETE
with the ~-

~~y

SPECTRUM ACCUMULATOR PLUS!

A 4096 channel. program-stored, digila~ devicE' - compatible with your

present ESR/NJV1R 5y~tem - providing signill-to-noise enhancement at high

resolution PLUS

Integration

Smoothing

Theoretic,,1 calculation of NMR spectra

Theoretic,,1 calculation of ESR spectra

Calculation of 2nd order moment

Differentiation

Addition

Subtraction

Fourier transformations

Correlation functions

ALL for the cost of an ordinary 1024 accumulator!

, .
.f(!(j (OLCO (U.S.A.), INC.• 461 Riverside Ave.• MedfOrd.

• I'--} .:.~ Massachusetts 02155-(617) 396-8620 • 828 Mahler
• (.~ .; Road. Burlingame. California 94010 - (415) 697·9220
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Write for Bulletin 68

ACRYLIC COLUMN DRIES AIR
TO A DEW POINT OF -100°F
AT PRESSURES UP TO 90 psig

This Plexiglas unit uses indicating
DRIERITE as its desiccant to com·
pletely dry air and gases at atmos·
pheric pressure or up to 90 psig. A
simple connection by rubber hose
from the compressed air line or gas
cylinder to the bottom inlet provides
an immediate flow of dry gas. Flow
rate may be 200 liters per hour or 0.1
scfm.

Indicating DRIERITE changes from
blue to pink when exhausted. Up·
ward progress of color change pro­
vides a constant visual assurance
of active desiccant. Regenerating
restores blue color.

PATENTS FOR CHEMICAL INVENTIONS discusses these and
many other pertinent questions. It will help you in your con·
tacts with your employer and your patent attorney and will help
you understand patent literature.

DRY AIR & GASES
LABORATORY GAS DRYING UNIT

Circle No. 44 on Readers' Service Card

Do you know how to protect

your idea or invention . . .

Though it contains legal abbreViations and terminology, this
1ll·page book is not a treatise on patent law. It is written for the
technically trained man-the research chemist and director­
whose very profession provioes more than the usual opportuni­
ties for conceiving patentable ideas. It presents the broad
range of problems concerned with the nature of invention, owner­
ship, inventorship, priority interpretations, documents, signatory
formalities during prosecution, etc. Shop rights, employer
assignment agreements, the status of the chemist hired to in­
vent, and many other important aspects are discussed.

Special Issues Sales/American Chemical Society
1155 Sixteenlh SI., N. W., Washington, D. C. 20036

You will want to have PATENTS FOR CHEMICAL INVENTIONS
for your own personal reference. It is Number 46 in the Advances
in Chemistry Series, 117 pages, cloth bound, S4. Order your copy
today.

or how to avoid the pitfalls that have lost rights and fortunes
for many inventors in the past? Are you familiar with the require­
ments for patentability? Do you know what steps to take if your
idea involves a new use for an old product, is related to prior art,
or deals with homologs, isomers, or other analogs?

• Complete information on space-age ceramic
compositions such as Alumina, Magnesia,
Thoria, Zirconia and others

• Extensive lists of crucibles and tubes avail­
able from stock

• Data on custOOl shapes and compositions

• Complete specifications on flame spray
ceramic coatings

• Up-to-date prices

WRITE TODAY FOR YOUR FREE COpy

LABORATORY EQUIPMENT CORP.
189 Hilltop Rd. St. Joseph, Michigan

Circle No. S3 on Readers' Service Card

NOW YOU CAN MEASURE
MOLECULAR WEIGHTS
CiJJ®, rn ~@ ~ D "lll l(ri\f'll*

from ~ U III J 0 U~~LSr1~\~U\J
with ONE INSTRUMENT ...

Sounds improbable, doesn't it? But it is true. And not only does it measure
molecular and micellar weights from 300 to 1 Billion, but it also measures
size, shape, mass, interactions in solutions, turbidity. dissymmetry. and
depolarization. With features such as absolute calibration, wavelength
selection, and temperature control one would expect to pay much more
than the actual price of the BRICE·PHOENIX lIGHT·SCATIERING PHOTOM·
ETER. As a matter of fact it is far below the cost of other instruments
with more limited ranges.
Certainly you will want more information. Send for Bulletin BP·2000.
~See DISSYMMETRIES, Anal. Chern. 36, 42A (1964); 36, 66A (1964); Science 143,
617 (1964) and 144, 449 (1964)

~ PHOENIX PRECISION INSTRUMENT COMPANY
~ A Subsidiary of CENCO INSTRUMENTS CORP.

3803-05 N. 5th Street, Phila., Penna. 19140. U.S.A.

FREE CATALOG OF

High Temperature
Ceramics

See Buyers' Guide for all products/sales offices.
Circle No. tOJ on Readers' Service Card
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NEW PRODUCTS Light-Scattering Particle Counting-Special Report

New Liquid Test Instrument Counts
Contaminant Particles
Automatically in 1 Minute!

The cleanliness of liquid products can now be verified quickly,
easily and accurately at the processing line. r\ new portable test
instrument automatically displays an accurate sample count of the
number of particles by size range in any selected sample size. As
used by Lockheed Missiles & Space Co., California, in the manufacture of
storage diaphragms for the Polaris flight direction control svstem, the automatic
particle counter takes periodic samplings of liquid freon flush from the initial
rough cleaning of the storage diaphragms to the final fill. In I minute, it registers
the particle count of 100 cc of liquid freon in .+ size ranges simultaneously: 15­
2.+ microns; 25-'+9 microns; 50-100 microns; O\'er 100 microns. The sampling
procedure is as follows:

I. A rubber storage bladder is rough cleaned with liquid freon. From 4 to 6
samples are monitored by the particle counter until the specified level of clean­
liness is achie\·ed. The final sample is then sent to the laboratory for appro\"al.

2. The bladder is then put inside a doughnut-shaped tank that is welded closed.
The tank is placed on a rocking stand that agitates additional freon flush that
is in continuous flow through an adjacent flushing machine. Samples are taken
and monitored periodically by the particle counter before the final sample is
sent to the laboratory for approval.

3. The tank goes to a clean room for further flushing. 100 milliliter samples are
tested on the particle counter. Then, 2 gallons of \·irgin freon are run through
the bladder with samples checked on the particle counter. Finally, the tank is
filled to capacity with additional virgin freon and a sample is checked on the
particle counter. The accurate particle counts provided by the counter assure a
minimum of laboratory analyses and eliminate delays of up to 4 hours in manu­
facturing time for testing a single sample.

Based on the light-scattering principle. continuous particle monitoring with
Royco instruments has wide industrial application in liquid chemical, petro­
chemical and food processing where absence of dirt particles is essential. Royco
automatic particle counters provide an immediate process line check as a time­
saving back-up to the laboratory.

ROyeO ROYCO INSTRUMENTS, INC.
141 JEFFERSON OR., MENLO PARK, CALIF.• (415) 325·7811

Write for
additional information

Chromatogram Scanner
A new paper and thin layer chroma­

togram scanner for chemical separation
and analysis is available. The scanner
permits accurate location and assay of
low energy beta emitting radioisotopes
by the use of dual, integral rotating
collimator and twin, high efficiency de­
tectors. Designated the SC525B, the
unit features electronic count rate and
recycling in tegra te modes using a
single pen recorder thus avoiding the
costly dual pen system. The system
has printed board circuits for the
ratemeter and power supply and a
la-speed rrcorder precisely syn­
chronized wi t h t he paper feed. Tracer­
lab, 1601 Trapelo Rd., Waltham.
:I'fass. 02154. 439

Digital readout tristimulus integrator
shown is used with the Spectronic 505
for measuring, specifying, and can·
trolling color. The integrator is self·
checking in that five test positions
are incorporated in the circuitry to
confirm proper functioning. Either a
daylight or tungsten lamp can be
furnished depending on the applica·
tion. Bausch & Lomb, Rochester,
N. Y. 14602. 438

Ultraviolet Flow Analyzers

The Wide-Track 85 Series, designed
lor monitoring liquid chromatography
eolumn effluents for both proteins and
nucleotides, gives wide-track recording
on an 81/ 2-inch wide chart. Manual
or automatic scale expansion gi\'es pen
deflection from baseline of 1/. inch for
0.010 mg./ml. of typical protein, or for
0.05 I'g./mJ. of typical purine. Stand­
ard features of the instrwnents include
stabilizing circuitry; an eyent-marking
pen to record fraction collector
changes; and linear absorption scale
to maximize sensitivity in the low-ab­
sorption range. Three models are
available: Model A has single-beam
operation and manual scale expansion;
Model SB has single-beam operation
and automatic scale expansion; and
Model BC has automatic scale expan­
sion and double-beam operation. Canal
Industrial Corp., 4935 Cordell Ave.,
Bethesda, :lid. 20014. 437

Circle No. 17 on Readers' Service Card
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THIS FREE BOOKLET DESCRIBES THE SERVICES OF
ONE OF AMERICA'S MOST CAPABLE LABORATORIES

Send for your copy today. Learn how Sadtler Research
Laboratories can save you time. Speed your research
program. Save money by releasing technical personnel
for other assignments.

SRL offers expert service in: Infrared, Ultra Violet,
Spectroscopy-Custom Synthesis of Organic Com­
pounds-Differential Thermal and Thermogravimetric
Analysis-Gas Chromatography-Food Science and Re·
search-Complete Commercial Testing for Industrial
and Consumer Products.

Benefit from over ninety years commercial
experience. Discover how Sadtler can
help you define and attain your objectives.
For your free booklet write to:

laboratory

Ask about

d SADTLER RESEARCH LABORATORIES~INC.
3314 Spring Garden Street, Philadelphia, Pa. 19104. Area Code 215-EV 2-7800. AGENTS IN PRINCIPAL COUNTRIES OF THE WORLD

Circle No. 157 on Readers' Service Carll

INSTRUMENTATION
SPECIALTIES COMPANY, INC.

ISC0 For more information.
send for brochure UA·4
or complete catalog.

LINCOLN, NEBRASKA 68507. U.S.A.

CABLE ADDRESS: ISCOLAB LINCOLN

5624 SEWARD AVE.
PHONE.(402) 434826=

~ Built·in recorder monitors true linear absorb­
ance in two ranges; 0 to 0.5 and 0 to 2.5.

~ Unique design eliminates need for base line
compensation.

~Automatically controls a fraction collector to
deposit each UV-absorbing fraction into a
separate collecting tube.

The Iseo Model UA is the only UV monitor with a band­
width so narrow that it conforms rigorously to Beer's
absorption law, and does it without changing wave lengths'

Bandwidth is so narrow· that precise quantitative results
will be obtained if the flow stream absorbs any light at
254m,<, regardless of the wavelength of maximum absorp·
tion. Other ultraviolet analyzers operating at a fixed
wavelength have so wide a bandwidth (even though more
than 95% of their light may be at 254 m",) that they shift
their maximum response to other wavelengths at higher
absorbances. They can only detect the presence, not the
quantity, of UV absorbing fractions.

·0.6 m", at one thousandth peak intensity.

Circle No. 125 on Readers' Service Card
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BRAND

THE MAKERS OF PYREX'" LABWARE

Circle No.6 OD Readers' Senice Carll
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CORNING

silica labware

what you
should know

about VYCO R®

Our octagon design trademark means
it is VYCOR brand ware. Nearly pure
silica, it is capable of continuous
service at 900'C. It can be quenched
safely and repeatedly in ice water
from that temperature. It may be
safely used in place of fused silica
or quartz.

You can do that with VYCOR brand
ware because its coefficient of ex­
pansion is only O.OOOOOOSrc. the
lowest of any commercial glass except
fused silica.

Chemically. VYCOR brand ware is
superior to borosilicate glasses in its
resistance to acids and to alkalies
even at high temperatures.

VYCOR brand ware is available
nationwide. Your local labware sup­
plier stocks beakers. flasks. crucibles.
ground joints, and tubing. Choose
from 132 types and sizes of this
unique ware. It is in our PYREX'" brand
Labware Catalog LG-3.

Item for item. VYCOR brand ware
generally costs you less than trans­
parent fused quartz. performs just as
well. and is more readily available.
You can bring its price down even
lower by combining VYCO R brand
items with your PYREX brand labware
order to save as much as 28 cents on
the dollar with quantity discounts.

Laboratory Glassware Dept., Corn­
ing Glass Works. 3908 Crystal St..
Corning. N. Y.

High Temperature Silicone Oil

A new low-priced extreme high tem­
perature silicone fluid has a number of
uses as a heat transfer medium in the
laboratory. Identified as SF-1093, the
material will withstand service up to
700 hours in air at 550 0 F. It is ideal
for high-temperature baths. General
Electric, Silicone Products Dept.,
Waterford, N. Y. 502

Adsorbents for Thin
Layer Chromatography

Several new adsorbents for thin layer
chromatography are available: silica
gel PF 254 and silica gel PF 254 +
366 for preparative TLC, both with
fluorescent indicators; aluminum oxide
PF 254 and aluminum oxide PF 254 +
366 for preparative TLC, both with
fluorescent indicators; a micro crystal­
line cellulose powder; a polyamide
powder with fluorescent indicator; and
an acetylated polyamide powder.
Brinkmann Instruments, Inc., Cantia­
gue Rd., Westbury, N. Y 11590. 503

Zinc Selenide

Liquid Scintillation Reagent

A new solubilizer for liquid scintilla­
tion counting is known as NCS. This
new tissue solvent has better dissolving
characteristics than others now being
used. It has an increased capacity for
holding tissue in the scintillator solu­
tion for counting. It also has a greater
freedom from quenching than any other
similar material to date and makes pos­
sible greatly increased scintillation
counting efficiencies. Nuclear-Chicago
Corp., 359 East Howard Ave., Des
Plaines, Ill. 60018. 501

Zinc selenide made by a new process
is said to have better transmittancy to
infrared than other commercial grades
available. It is sold as a relatively
stable yellow powder, especially low in
sulfur and oxygen. The experimentally
determined transmittance of infrared
radiation as a function of wavelength
corresponds to the values expected
theoretically for absolutely pure zinc
selenide. Merck & Co., Inc., Rahway,
N.J. 504

Precision Blended - A full line of
high·purity gases and gas mix·
tures from Air Products permits
optimal standardization of your
most sophisticated analytical in·
strumentation: mass spectrom·
eters ... gas chromatographs ...
IR, UV, and flame spectrometers.
Quality Certified - Air Products
calibration gases are underscored
by the company's in·depth experi·
ence in all parameters of gas pro·
cessing and packaging: gas
thermodynamics and kinetics .
partial· pressure characteristics .
differential adsorption ... centri·
fugal mixing ... cylinder prepara·
tion and pre·treatment. Air
Products can provide standard
calibration gases and precision·
blended mixtures with purities
certified to levels as low as 1 ppm.
Available Nationwide-Calibration
gases, and other Air Products spe·
cialty gases, can be ordered
through any of 68 sales offices ...
or Air Products can establish con·
venient stocking points to meet
customers' special requirements.
For prompt service, additional in·
formation, or to have a sales en·
gineer call, contact your nearby
Air Products 6fice ... today!

~~-'~
Allentown. Pennsylvania

SPECIALTV GAS DEPARTMENT
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Yes, we deliver...

Callbrallon 6asesl
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MANUFACTURERS'
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LITERATURE

Gas Chromatography Bibliography.
Bulletin :"0. SA, ;, page~, includes 500
rrfrrellcC'!' on thC' analy.sis of compounds
of IJiodwmic'll interest. Applied
~tirnrC' 1.;\hor:ltorie~" Tnr" State Col­
le~e, I'~. 601

Computer Analysis of Aluminum Al­
loys. ,\ reprint of this article by T. J.
I iud,oll 1I1ld \\'. L. Lee io ~"oilable fr91l1
.,\pplied Re.;(·areh Laboratories, Inc., P.
O. nox 1710, Glendale, Calif. 91209.

602

High Volume Microfiltration. A 32­
pag:r bll]Jptin , IIY-l 1 describes .3ystcllls
r"r nlterin!, panicles, S microns to 10
rtldlirni<:l'on~, at tim\" ratC's of 500 gallon::
I,f'!' minute' ~1t1(( higher. Prices on var­
int!;-- ~izt' filter ~\"~tems are included.
,iillipore Filter C·orp., Bedford, "'lass.

603

Frequency Converter. A I-page bul­
letin contains illustrations and specifi­
"alio,,, of }[odeb 4300 ond 4700.
BJ'(Juk., In...:trunwnt Di\"i:-:ioll, Erncr20n
Eleetrie Co., Hatfield, Pa. 604

Plastic Laboratory Ware. A 6-page
supplement 1:"0. 565) to the 1964
raLdog llpltk"tir,;,; for Science and 1n­
dll~tr.v·· cont:lin:-i iIlti~tration.s, descrip­
tions, and prieto, of 26 new item;. Bel­
.\rt l'roducl,. Pequannock,:". J. 60S

Automated Chromatography. Bulle­
lin 34~10, 4 pages, describes the Type
:34-210 Chl'ol11f1d which integrates, digi­
tizes, and prints out peak areas and
peak relention times. CEC, 360 Sierra
!\Iadre Yilla, Posadena, Calif. 606

Recording Accessaries. Bulletin
Y1904A, I:> p'Lges, describes charts, ink."
pens. recording opeeds and other fea­
tures. The Bristol Co., Waterbury,
Conn. 06720. 607

Modular Recording Systems. A 20­
page, ill,,,trated brochure (:"0. 17071
describe" the Brush ;\fork 200, Series
1707 !1loduLu r('('ordill~ ~ystcm8.

Brush Instruments Di";-ion, Cle\"ite
Corp., Cle"elond, Ohio. 608

Vacuum Pumps. T\\"o-stage pump and
related equipment are described iu an
illu,frn(rrl brochure. Centrol Scien­
tific Co .. 1700 Irving Pork Hoad, Chi­
cago, III. 609

Heavy Liquids. ,\. 20-page booklet
contnjn~ deEcriptions of \"arious heavy
liquid.., and sliggestion;--' on their applica­
,ion for sink-ftoot densil\' detennino­
ti0l13, mineral st?par3tioll.3: and quality
eontrol. En~ineered }Iateriols, P. O.
Box 363. ,,'\\. York. :". Y 1000S.

610

For your own
information
program

Try this
formula

Journal of the American Chemical
Society cutting across all fields of
chemistry ... plus another ACS
research journal, such as:

The Journal of Physical Chemistry
The Journal of Organic Chemistry
Biochemistry
Inorganic Chemistry
Journal of Medicinal Chemistry
Chemical Reviews
Analytical Chemistry
Journal of Chemical Documentation
Journal of Agricultural and Food

Chemistry

Journal of Chemical and
Engineering Data

I&EC Process Design and
Development

I&EC Fundamentals
I&EC Product Research and

Development

Each 01 these more specialized ACS jour·
nals extends or supplements the general·
interest articles found in JACS. Important
new work in youl field is reported in JACS
and in one or more of these journals. You
need JACS and another one (or two). Find
your own formula. . then apply it regu,
larly to keep your knowledge up to date.

Order from:
American Chemical Society
1155 Sixteenth Street, NW.
Washington, D. C. 20036
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Hatboro Pennsylvania • Phone (215) OSborne 52800

ROYSON ENGINEERING COMPANY

I i
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Treeing erm /,' ._.~
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• for linear or square root charts-easily convertible
from one to the other _ accurate within 1% or better,
even on short sections. controllable chart feed speed
using a foot operated rheostat • portable, easy to
operate on 110 volt AC current.

The ROYSON Planimeter provides a simple means for integrating
strip chart records. It enables quick, easy integration of variables
that have already been recorded and is widely used for charts of
all widths as well as for integrating flow on the narrow strip charts
of pneumatic control systems.

Send a sample of your chart lor a quotation and additional
data or, call for complete details.

-----...

[ Quickly and Easily // Kn.ob~>,
, ,/. .. PosItionIng',

w/'th the I F,ve d'g,t index 10 \
, counter follow , 1

I for output. <urv~_w', ,~

'J, P '1

-~~

~ :1

--=

~~~
REINHOLD

, " . ' . , PUBLISHING
CORPORATION

<I
430 PARK AVENUE. NEW YORK. N. Y. 10022
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,\\ NRAVEl,
Jthat problem I

FASn ('il
Don't guess! Don't grope! Get the
facts and your process problem will I'
start solving itself.Just reach across,
your desk - grab your copy of I
CHEMICAL MATERIALS CATALOG.
Quick - the 5·way index! And in a t
flash you're looking at the latest
data on the chemicals and raw mate·
rials your problem calls for. i'
CMC works like a slave - digging up ;

j facts and fresh ideas to stimulate i
\, your thinking. It will help you un·

. "t--.ravel problems fast.

Aplezon "A"
-for vapor diffusion
pumps, principally
used for educational
purposes.

Apiezon "B"
-for vapor diffusion
pumps in general
service.

Apiezon "c"
-for vapor diffusion
pumps where lowest
possible pressure with­
out the use of refrig­
erated traps is desired.

Apiezon is also available
in Grease and Wax form

Write for
BULLETIN 43·AC

Circle No. 21 on Readers' Service Card

503

~~ ~" : II •

I....U IUUl LII Electncal and Speed Measuring Instru ments
~ PLYMOUTH MEETING, PENNSYLVANIA 19162

Phone 215/646 9200

Made trom specially selected hydrocarbon tractions.
Have very low vapor pressures and are very stable.

COMPLETE WITH
ATTACHMENTS

FOB Las Vegas. Nev,

finished in silver hammertone
enamel with etched aluminum
panel.

Enclosed motor of 1/40 HP is
special series-wound with ball
bearings for smooth operation.
0-6000 rpm shaft speed with
right angle gear shaft 0-333 rpm.
Both shafts have milled flats on
5/16" diameter.

Complete with base. lab stand
mounting bracket. 3.step pulley.
3-jaw chuck, paddle :lnd stain­
less steel propeller and shaft.

HELLER

GT21 STIRRER

rrlR.w! gmpJw1JM!
SOLlD·STATE, ADJUSTABLE SPEED SELF·CORRECTING

STAND & CLAMP NOT INCLUDED
Order from YOUT Laboratory Supply Dealer or 'write-

NOW . . . Heller GT21 Lab
Stirrer for liquid or emulsion
mixing and paste blending fea­
tures dramatically improved
Motor Controller. Employing
solid-state, closed-loop type
printed circuitry system, the
Heller Controller provides motor
regulation from no load to full
load. Corrects input variation
from 95 to 140 volts AC to main­
tain any preselected speed. in
either forward or reverse rota­
tion. No warm-up time needed.
Controller is 4'" :x 5" x 3",

GERALD K. HELLER CO.
2673 South Western Street, Box 4426, Las Vegas, Nevada 89106

Circle No. 46 on Readers' Service Card
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WRITE TODAY

MODEL 43

VARICORD LINEAR/LOG
LABORATORY RECORDER
24 calibrated ranges from 10 MV or
10}-'-A full scale. Potentiometric re­
cording, both linear and logarithmic.
Absorbance scale zero to infinity.

1115 8ROADWAY • NEW YORK 10, N. Y.

Write for bulletins
Stocked by

Laboratory Supply Houses

PH~!p~:!~ Lr

Automatic Preparative Gas Chroma..
tograph. The principal features and
specifications of the Model 775 Prep­
Master are described in a 4-page bul­
letin. F & M Scientific Corp., Avon­
dale, Pa. 612

Research Chemicals. Catalog 5, 51
pages, lists organic and inorganic chem­
icals with chemical structure, prices,
and melting point or boiling point.
Gallard-Schlesinger Chemical Mfg.
Corp., 580 Mineola Ave., Carle Place,
L. 1., N. y. 11514. 613

Electrophoresis. A 32-page manual
contains information for separation of
serum proteins, hemoglobins, and LDH
isoenzymes on cellulose polyacetate sup­
port strips. Gelman Instrument Co., P.
O. Box 1448, Ann Arbor, Mich. 614

Constant Voltage Unit. Bulletin S
900-5c, 2 pages, illustrates and gives
specifications of the Honeywell Con­
stant Voltage Unit which provides a
stable d-c voltage from ordinary line
\"oltage. Honeywell Inc., M389, Wayne
and Windrim Aves., Philadelphia, Pa.
19144. 61S

Laboratory Equipment. A 32-page
catalog lists spectrophotometer cells,
constant temperature baths, tensionme­
ters, weather instruments, and other
items. Lux Scientific Corp., P. O. Box
272, Canal Street Station, New York,
N. Y 616

Polarography. Bulletin 13-770, 4
pages, contains illustrations, specifica­
tions, and applications of the Elecdro­
pode, Model 65. Fisher Scientific Co.,
717 Forbes Ave., Pittsburgh, Pa. 611

Centrifuge Literature. Model A-2,
and Models 30 and 30-R are described
in catalogs 70 and 71. Illustrations and
specifications are included. Lourdes 111­
strwnent Corp., 656 Montauk Ave.,
Brooklyn, N. Y. 11208. 617

Fluorometer, Flame Photometer, and
Infrared Spectrophotometer. Bulle­
tins 7009-B, 7069, and 7073 contain il­
lustrations, specifications, and applica­
tions of these instruments. Beckman
Scientific and Process Instruments Di­
vision, 2500 Harbor Boulevard, Fuller­
ton, Calif. 92634 618

Thermal Analysis. A 16-page bro­
chure, DSC-1, contains illustrations
and specifications for differential scan­
ning calorimetry. Perkin-Elmer Corp.,
Main Ave., Norwalk, Conn. 619

Sampling Oscilloscope Recorder.
Technical bulletin SRIOO, 2 pages, pro­
vides applications, description of opera­
tion, specifications, and prices. Nesco
Instruments, Division of Datapulse
Inc., 509 Hindry Ave., Inglewood, Calif.

620

MANUFACTURERS' LITERATURE

nalytical Chemists
Do With Gelman

Membrane Filters

• Completely Autoclavable GA
Grades

Spot Tests • X-Ray Diffraction
• Spectroscopy • Electron
Microscopy • Micro-Filtration
• Gravimetric Determinations

-Constant Research and De­
velopment in the Gelman
Laboratories to discover
newer, better methods and
materials

-Quality Control determina­
tions of pore size - flow
rate

• Solvent Resistance-Gelman
membranes to resist practi­
cally any organic solvent,
strong acids, strong bases

• Consistent Quality-lot num­
bers are assigned to each
batch of filters

• Wide Range-pore sizes from
0.05 to 10.0 microns

Analytical Chemists Use
Gelman Membrane Filters

for free reprint of ANALYTICAL CHEM·
ISTRY's "Microporous Membrane Tech·
nology, Part I" to:

Innovators in Electrophoresis, Chromatography,
Filtration- Equipment

•

GELMAN
~ Instrument Company

600 s. WAGNER
ANN ARBOR, MICH. 46106

(313) 665-0651

Circle No. 41 on Readers' Service Card
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For full information, contact your
rab supply dealer or write to:

Scientific
Industries Inc.

ffi
Dept. AC865. 220-05 97th Avenue

Queens Village 29, N. Y.

Circle No. 159 on Ruders' Seniee Card

MANUFACTURERS' LITERATURE

Pulse and Digital Instrumentation.
1965 Condensed Catalog, 4 pages, pro­
vides major specifications, and prices
for 25 standard pulse generators.
Datapulse, 509 Hindry Ave., Inglewood,
Calif. 90306. 621

Scientific Glass Apparatus. The 1965
catalog is available from Eck & Krebs
Inc., 29-09 49th Aye., Long Island City
I, N. Y. 622

Transistorized Nuclear Modules.
Specifications and descriptions of scal­
ers, ratemeters, amplifiers, pulse height
analyzers, coincidence-anticoincidence
and power supplies are included in a
catalog from Nuclear Supplies, Inc.,
P. O. Box 3J2, Encino, Calif. 623

Operational Amplifiers. "General-
ized Instrumentation for Research 'lnd
Teaching-A Primer in the Art of
Using Operational Amplifiers in Gen­
eral Utility Instrumentation" by C. F.
Morrison, Jr., 104 pages, describes the
techniques of electronic circuits, feed­
back, and analog computers. Philbrick
Researches, Inc., Allied Dr. at Rte. 128,
Dedham, Mass. 02026. 624

Pyrex Brand Drainline. A 20-page il­
lustrated catalog BP-400, describes
fittings, traps, and accessories for acid­
waste drainline pipe. Corning Glass
Works, Corning, N. Y. 62S

Spectroscopy Equipment. A 24-page
catalog contains detailed information
and prices on electrodes, plates, chemi­
cals, sieves, and other items. Spex In­
dustries, Inc., Metuchen, N. J. 626

Automatic Voltage Regulators. Bul­
letin SVR365, 24 pages, contains appli­
cations, diagrams, rating, and specifica­
tions of seyeral series of regulators and
accessories. The Superior Electric Co.,
Bristol. Conn. 06012. 627

Modular Vacuum Systems. .\n 8­
page brochure with accompanying com­
ponent 3ssembly de"ign kit enables the
recipient to design his own high vacuum
sy"tem. Twenty-four of several hun­
dred systems are illustrated. Ultek
Corp .. Box 10'l20. Polo Alto. Calif.

628

Metallograph. A 12-page catalog con­
tains information on Series N with
Ilatfield objcctiyes and widefield eye­
pieces. Detailed description;; and
price" are included. Unitron Instru­
ment Co.! Go :\('edhanl ~t .. :--Jewtoll
Highland,. :'[ass. 02161 629

Gas Chromatography Accessory
Catalog. Pholograph.'3", dr:lwings, speci­
fieations, and prices are included
for stationary pha,es, "olid ;upporb.
detectors, :'~Tinges, and other items.
Wilkens Instrument & Research, Ine.,
P. O. Box 818. W"lnul Creek. Calif.
04507. 630

DIAL
YOUR

FLOW RATE
and Get Guaranteed

--+- 0.5% Reproducibility

Continuously variable Sage Syringe Pumps permit
you to pin·point the flow rate you want - at the
setting of a dial. for example, selectable flow
rate ranges for the 255 Series are,

0.02 1'1/day to 118 m1/day (255·31
0.02 I'l/hr to 98 m1/hr 1255·2)
0.005 I'l/min to 29 m1/min (255·1)

Sage Syringe Pumps are also available in models
which offer a number of discrete rates. Pumps
are designed for accurate, reproducible infusion
of fluids with syringes ranging from 0.5 "I to
100 cc capacity. Pumps operate reproducibly reo
gardless of changes in back pressure or ±IO%
variations in line voltage.
Whatever your application, you can count on Sage
pumps to deliver dependable, accurate, and reo
producible performance. Each of the series types
listed below is available in specific models to
meet your particular flow rate range requirement.
Write, wire or call for data or ask your Sage lab­
ware dealer for a demonstration.
Constant Speed Models
Series 234 ( 10 cc max.> $145
Series 249 1100 cc max.> $215
Variable Speed Models
Series 237 1 10 cc max.> ... . $325
Series 255 II 00 cc max.>. .. $395

SAGE INSTRUMENTS, INC.
~ - ~~
2 Spring Street, White Plains, N. Y. 10601

914 949·4121
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Test trace showing 30 parts per billion of cadmium
in .01 M sodium sulfate solution.
The zinc is an impurity in the distilled water.

Melabs means:
Pulse

Polarography
with Parts­
Per-Billion
Sensitivity

0

I 0
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Isn't Brookfield
the real

logical solution
to your

rheological
problems

#)
•

Melabs Model CPA-3 PULSE POLAROGRAPHIC ANALYZER extends trace
analysis to detection limits of 10 parts in a billion (demonstrated in top
figure above). The bottom two figures illustrate the improved resolution
over conventional polarography obtainable by pUlse polarography.

MEASUREMENTS Choice of four operating modes, each making use of
accurate three·electrode, controlled·potential circuitry: 1) Conventional
polarography with improved ability to work in high·resistance solutions.
2) Single-sweep for reading times of less than 10 seconds. 3) Integral­
pulse for better performance with solid electrodes. 4) Differential pulse
for high sensitivity and resolution.

READOUT Output for strip-chart recorder, X·Y recorder, or oscii/oscope.

TYPICAL USES Trace metal analysis. Pesticide residue analysis. Toxi·
cology studies. Pharmaceutical analysis. Air and water poi/ution studies.
Kinetic studies of electrode reactions.

Sample # 5 run by conventional polarography
and by pulse polarography

Descriptive literature, bibliography, and a list of trace metals analyzed

~
available on request.

INSTRUMENTS OF QUALITY

3300 Hii/view Avenue, Stanford Industrial Park
@ Palo Alto, California 94304

Phone: (415) 326-9500jTWX: 415-492-9488jCable: MELABS PALOALTO
See Buyers' Guide for all products/sales offices.
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• Alcohol to Asphalt range-System
measures viscosities from less than
1 to 64,000,000 centipoises.

• Works in non-Newtonian, Newton­
ian and nonflowing (plastics, gels,
semi-gels) materials.

• Small-sample (1 cc), hot-or-cor­
rosive-sample, temperature-con­
trolled and sealed-trom-atmosphere
capabilities.

• Easy to use-Just immerse, start,
read.

• Direct-reading in centipoises, ab-
solute units most useful to others.

• Readily portable-Easily maintained.

• Accurate to ± 1% of full scale.

• Backed by service far beyond the
sale.

Write lor our new, illustrafed catalog,
today!

&ookIJeltl
ENGINEERING LABORATORIES, INC.

Stoughton 67, Massachusetts
Circle No. 25 on Readers' Service Card
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As processing techniques have
become more complex, the use
of specialized alloys and light
metals in process equipment has
become a necessity. Conse­
quently, we have found you, the
purchaser, wanting more and
more detailed information and
documentation on the technical
abilities of equipment fabricators.

In this guide, we have used
specific examples and photo·
graphs from our own operations
to "codify" the essentials of
our service in fabricating alloy
sheet metal equipment involving

• Intricate shapes
• special welding skills
• close tolerances
• high finishes
• mechanical components

For your FREE copy, mail
the coupon below.

For Purchasing Complex
and Unusual Alloy Sheet
and Light Plate Fabrication

[
!
:, •........... .

.-. ,

;---i::_ ..;;~' _1 I,

l
"'.' \I.},- .

<"::! ;1
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Valuable
guide

~-s~BiICKMAN~INC~---------:

9608 Gregory Ave. • Weehawken, N. J. :
o Please send purchasing guide :
[J Also send book on safety enclosures I
o Also send catalog on laboratory furniture I

J
I
I
I
I
I
I
I
I
I
I

CITY STATE I
I

.- -1I.!!iilfo< ~uu 01~ Sewia _.

Viscometers ond Controlled-Temper­
oture Boths. Bulletin 50, 4 pages, con­
tains illustrations, specifications, and
prices of major products available from
Cannon Instrument Co., P. O. Box 812,
State College, Pa. 16801 631

Multi-Point Recorder. Bulletin 1'1298­
A describe, the 2-1-poilll D\'namaster
potentiometer. Operat.ing characteris­
tics discussed include accuracy, slide­
wire resolutioD, minimum span, and
printing interval. The Bristol Co.,
Waterbury, Conn. 06T?0. 635

Methionyl Peptides. A 2-page pam­
phlet contains physical and chemical
specifications as well as the actual
analysis of each product. Prices are
also included. Mann Research Labora­
tories, Inc., Dept. W, 136 Liberty St.,
New York, N. Y. 636

Specialty Chemicals for Life Sciences
and Polymer Research. O"er 350
products are listed in this catalog per­
taining to monomers, polrmer~J cata­
lysts, epoxides, biochemical specialties,
and other categories. Polysciences,
Inc., P. O. Box 4, Rydal, Pa. 19046.

637

MANUFACTURERS' LITERATURE

Radiation Dosimetry. A brochure
containing information on LiF TLD do­
simeters is available. Controls for Ra­
diation, Inc., 130 Alewife Brook Park­
way, Cambridge, Mass. 632

Gas Chromatography References. A
bibliography cO"ering air pollution,
amino acids, fatty acids, pesticides,
steroids, and other subjects is available.
Wilkens Instrument & Research, Inc.,
P. O. Box 313, Walnut Creek, Calif.

633

LabLog No. 2-65. A 12-page catalog
lists a wide variety of laboratory equip­
ment: spectraphotometers, balances,
infusion pumps. Will Scientific, Inc ..
Box 1050, Rochrster, N. Y. 14603.

634

Precision Magnetic Shields. A 12­
page manual, No. ] 76, contains listings
of 114 types of photomultiplier tubes
made by 13 manufacturers, and the rec­
ommended shield for each tube type.
\fagnctic Shield Division, Perfection
\fica Co, 1322 :\0. Elston Ave., Chi­
cago, Ill. 60622. 638

Portable Vacuum Systems. Catalog
sheet. C-20 describes a line of portable
":<Cllum systems for applications in the
low 10-6 Torr range. Operating and
rlesign features, pumpdown perfor­
ma.nce figures} Rnd specifications aTe
gi"en for the Morlel YE-IO and others.
:YIikros/Di,'ision of Y" rian Assoc., 7634
S. W. Capital Hi,ghwav. Portland, Ore.
97219. 639

rat liver
02 curve in

five minutes?

The YSI Model 53 Biological
Oxygen Monitor System draws
oxygen uptake or oxygen evo­
lution curves in a few minutes.
Jt records continuously, and
useable information is avail­
able in only seconds after in­
sertion of materials. It is sta­
ble, rugged, easy to use. easy
to clean. Only a few minutes
of technician training are
required. The system costs
$1225.00 complete, except for
a 100 MY recorder to draw the
curves. May we tell you more
about it?
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Update your information dissemination
program through the use of CHEMICAL
TITLES Tapes or Custom Searches! These
services are being offered for the first
time by the Chemical Abstracts Service.

The list of uses to which you can put
the tapes, compiled during the produc·
tion of the printed CT, is almost endless.
Indexes for the chemical journals in your
company or institutional library which
are covered by CT can be generated on
an author, selected keyword, or title
basis (or any combination of the three).
Bibliographies on particular subjects that
pertain to your work (reactivity of the
phenanthrolines, crystal structure of ter­
nary silicides, metabolism of porphyrins,
etc.) can be compiled. Keyword indexes
for any number of terms which you may
suggest can be generated. Correlative
machine searches can be conducted (mice
that eat cheese, mice that eat cheddar
cheese and Swiss cheese, white mice that
eat cheddar cheese but not Swiss cheese,
white mice that eat cheddar cheese or
Swiss cheese, etc.) to any degree of
specificity.

Answers can be in the form of bibli·
ographies, author indexes, keyword in·
dexes or any combination of the three. AND,
all of these indexes, bibliographies, etc.,
can easily be duplicated and distributed to
members of your staff at very low cost. No
matter how you choose to use the tapes,
you are screening a vast amount of un·
necessary material from information which
is of specific interest to you.

This tape searching service is offered
in two forms-CAS will send you tapes
on a biweekly basis, along with a user's
manual and a searching program for an
IBM 1401/1410 system, or CAS will perform
the biweekly search of the tapes for you
in Columbus.

The subscription price includes a$1,500­
per·year base rate plus a use charge of $5
for each scientist at the subscriber's ad­
dress who will use the service or who will
benefit from its use. For searches per·
formed by CAS, the rate is based on one
search per set of terms per issue of CT, and
an additional charge of $100 per hour for
computer use time is made.

Direct inquiries to Mr. E. H. Heilman at CAS,
Ohio State Univ., Columbus, Ohio 43210, and
direct orders to the ACS, 1155 16th St., N.W.,
Washington, D.C. 20036.

Now YOU
can searCh
Chemical
Tilles
magneliC
lapes bY
compulers

>

STAR· SPANGLED SAVINGS PLAN

FOR ALL AMERICANS

How a man with nothing
left over on paydays

gave his daughter

a master's degree

Buy U.S. Savings Bonds

Buy E Bonds for growth­
H Bonds for current income

Even with college costs what they
are today, anyone can educate a
daughter without strain.

Just be a smart saver, like Ray
Mullins of Dayton, Ohio.

An automatic screw machine op­
erator, Ray joined the Payroll Sav­
ings Plan right after World War II.

Each month a small portion of his
pay was set aside automatically and
put toward U. S. Savings Bonds.
Month after month, without inter­
ruption.

When Ray's daughter, Patricia,
said she wanted to go to the Uni­
versity of Pittsburgh, Ray was
ready. His Bonds had grown into a
sizeable nest egg which paid for most
of Patricia's master's degree in li­
brary science.

Millions of Americans save for
homes, education, retirement, and
just plain rainy days on the Payroll
Savings Plan. And while their sav­
ings mount up, Uncle Sam uses the
dollars to give freedom a little more
stature in the world.

Ray Mullins says the Payroll
Savings Plan is "the easiest way I
know to save." Why don't you try
it for your savings goal, and see if
you don't feel pretty good about it.

~ I~"~ ~; The U. S. Government does not pay
for this advertisement. It is presented as a public
sen'ice in cooperation with the Treasury Department
and The Advertising Council.

~HEAT
o LIGHT
o MOTION

Write now
for F R E E copy
of Catalog 65

Leboratory

Apparatus for:

NEW' 40-Page complete line
• cata~og . of heat/light/

mohon Items: furnaces,
controllers, hot plates,
magnetic stirrers, Stir·
Plates, constant temp.
apparatus, Dri-Baths,
culture incubators, PBI
Apparatus, lab lights,
meters.

Dial your
temperature

type 2000

• FULLY AUTOMATIC electronic contro/­
sensitive potentiometer type.

• Spot· light dial setting-HEATS UP to
AND HOLDS set TEMPERATURE.

• Rugged, "fail-safe" design includes
THERMOCOUPLE BREAK PROTECTION.

• EMBEDDED HEATING ELEMENTS-g;ve
uniform heat, protected from damage,
and sag.

• CHAMBER: 4" Wide x 3~4." High x 9"
Deep.

THERMOLYNE CORPORATION
2555 KERPER BLVD

DUBUQUE, IOWA 52003 USA.

"Contact Dept. 478 for neme of nearest dealer"
Circle No. 86 on Readers' Service Card
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The group of alkanols listed above have just been added to
J. T. Baker's line of organic laboratory chemicals and are avail·
able for immedia.te delivery. They represent newest additions
not yet listed in our catalogs. Check the chemicals you require
and pass this list to your purchasing department. Orders can
be sent to your nearest distributor of Baker organics or directly
to J. T. Baker. And you'll get fast service.

Many other alkanols are described in our Catalog 641 and
in the recently issued Supplement No. 1. Both are available
on request. Write J. T. Baker Chemical Co., Phillipsburg, New
Jersey.

MANUFACTURERS' LITERATURE

Company Periodicals
Requests for copies of the following
publications, catalogs, etc., should be
sent directly to the address shown.
Busilless or professional letterhenrls are
requested.

Gas-Chrom Newsletter. '·oJ. Ii. :\0.2­
3, contains notes on thin-layer chroma­
tography apparatus, and GLC tech­
niques for pesticides and steroids.
Applied Science Laboratories. Inc.,
State College, Pa.

Arcs and Sp:lrks. Vol. 10. :\0. 1. ~O

pages, contains inforn1i\tion on tlw IGlh
Pittsburgh Conference as well as news
items on personalities active in the field
of >pectroscopy. Ultra CaTbon Corp.
P. n Box 747, Bay City, Mich.

Keithley Engineering Notes. Vol. 13,
No.3,4 pages, illustrates six amplifiers
ayaiiable for low noise bro;ldb'llld ap­
plications. Specification> and illustra­
tion, are presented. Keithlc'· Instru­
ments, Inc., Cle,·eland, Ohio

Laboratory Supply News. ",>. ·1. 16
pages presents a wide range of labora­
tory equipment. Prices and descriptions
are included. Laboratory Supplies Co.,
Inc .. P. O. Box 332, East Station, Yonk­
ers, N. Y. 10704.

Previews & Reviews for Gas Chroma­
tography. May 1965. The dual col­
umn chromatograph for pesticide anal­
y...:i ...: j;;; fC':1tllfrd in this 8-page is~me.

Wilkens Instrument & Research, Inc.,
2700 Mitchell Drive, Walnut Creek,
C;llif.

Aminca Laboratory News. \'01. 21 ,
:'\0. J, 16 pages, contains se,-eral articles
including those on the usc of grating
monochromators, bacteriological incu­
bators and filter fluorescence polariza­
tion. American Instrument Co., Inc.,
8030 Georgia Avc., Silyer Spring, Md.
20910

Atomlight. No. 45, 12 pages, contains
articles on steady-state photosynthesis,
glomerular filtration rates, and electro­
phoresis of tritium-labeled compounds.
New England Nuclear Corp., 575 Al­
bany St., Boston, Mass. 02118.

The Progrommer. Vol. J, ~o. 1, 8
p"~es, contains illustrations of sample
injectors, temperature programlller, and
other items essential in gas chromatog­
raph,'. F & M Scientific Corp., Rte
41 & Starr Rd., Avondale, Pa. 19311.

Facts & Methods. Vol. 6, ;\"0. 3. This
iSSll€. 8 pages, contains several notes on
th" ,,"alysis of petroleum fractions by
OLe. F & M Scientific Corp., Rtc 4J
and Starr Road, Avondale. Pa.

EFFECTIVE AUGUST 9, 1965

New OrganiCS
available in J. T. Baker'S grOWing line

C5 -C lO All-eanols

G164 5·Decanol, 'Baker'
CHJ(CH,),CHOH(CH')JCH, FW 158.29 25 g. 7.25
8.P. 118·120·C./30mm. 100 g. 21.75

J791 2, 2·Dimethyl·3·heptanol, .Baker'
CHJ(CH')JCHOHC(CH,), FW 144.26 25 g. 10.00
8.P.78·80·C./18mm. 100g. 30.00

J805 3,4·Dimethyl-2·hexanol, 'Baker'
CH 3CH,CH(CH ,)CH(CH ,)CHOHCH. 25 g. 15.00
FW 130.23 100 g. 44.00
8.P.170·171·C.

J944 2,2·Dimethyl·3·octanol, 'Baker'
CHJ(CH,),CHOHC(CHJ)J FW 158.29 25 g. 11.50
8.P.88·91·C./20mm. 100g. 33.00

L823 4·Ethyl·3·hexanol, 'Baker'
CHJCH,CH(C,H5)CHOHCH,CH, FW 130.23 25 g. 6.00
8.P.82·84'C./30mm. 100 g. 17.50

M085 3·Ethyl-3-pentanol, 'Baker'
(C,Hs),COH FW 116.20 25 g. 5.00
8.P.143·144·C. 100 g. 15.75

Q581" 2·Methyl·3·heptanol, 'Baker'
CHJ(CH,)JCHOHCH(CHJ), FW 130.23 25 g. 7.75
8.P.73·75'C./19mm. 100 g. 23.20

Q589* 3·Methyl·3·heptanol, 'Baker'
CHJ(CH,)JC(CHJ)OHCH,CHJ FW 130.23 25 g. 7.25
8.P.163·164·C. 100 g. 23.20

Q590 4·Methyl-3·heptanol, 'Baker'
CHJ(CH,)JCH(CHJ)CHOHCH,CH, FW 130.23 25 g. 9.00
B.P.75·77'C./20mm. 100 g. 26.00

Q592 2·Methyl·2·hexanol, 'Baker'
CHJ(CH,)JC(CH J)JOH FW 116.20 25 g. 10.00
B.P. 142·143·C IDa g. 30.00

Q593 3·Methyl-2·hexanol, Practical
CHJ(CH,),CH(CHJ)CHOHCH, FW 116.20 25g. 8.50
B.P. 79·83'C./52mm. 100 g. 25.60

Q594 3·Methyl-3·hexanol, 'Baker'
CHJ(CH,)JC(CHJ)OHCH,CH, FW 116.20 25 g. 8.50
B.P. 142·143'C. 100 g. 25.60

Q855 2·Methyl·3·octanol, 'Baker'
CHJ(CH,),CHOHCH(CH,), FW 144.26 25.g. 9.25
B.P. 188·189'C. 100 g. 28.00

Q874' 2·Methyl·3·pentanol, 'Baker'
CHJCH,CHOHCH(CHJ)' FW 102.18 25 g. 8.50
B.P.127·128·C. 100 g. 26.00

""Non mailable

I
I
I
I

~:
J. T. Baker Chemical Co. -a I

--------------------- J
Circle No. 111 on Reders' Senici Card
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A master searching tool ...

6th Collective Index to
CHEMICAL ABSTRACTS

1957-1961
A 15-volume index covering all published papers and
patents for the most active 5-year research period in
chemistry and chemical engineering.

Classified by: Authors • Subjects • Formulas • Patent
Numbers

References to: 501,442 abstracts of papers
119,426 abstracts of patents

Containing: 3,289,427 subject index references
867,309 formula index entries

Increase your research efficiency with this single
source of knowledge.

Price schedule: base rate
college and university
ACS member

$1AOO
700
700

Postage: Foreign $15.00; PUAS $10.00; Canada $10.00

Note: Colleges and universities and ACS members buy under a lease agreement.

Gain a full perspective on this important period with the

6th Collective Index to CHEMICAL ABSTRACTS, 1957-1961

Order from: Special Issues Sales

American Chemical Society

1155 Sixteenth Street. N.W.

Washington, D.C. 20036
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LABORATORY SUPPLY
CENTER

(Equipment, Materials, Services).

Maximum space--4 inches per ad­

vertisement. Agency commission

and cash discount allowed. Column

width, 2'/1'; two column width,

49
/ 16 ". Flush mount cuts. No bulk·

ing of display and directory rates.

LABORATORY
SERVICE CENTER

Student basic measuring instrument.
Computes index of refraction of air to
5 decimal places. Index for other gases
may be calculated. Uses light waves
(mercury: green filter}for 5461A line as
standard length Easily set up. ad­
justed. Simple. Rugged.

MSC 3500 Michelson Interler.. $20.00
MSC 3400 Mercury Light Source $10.00

EI MA~~~SET:Ro~C~:;~FIC CORP
60 Arsenal St., Watertown, Mass. 02172

MICHELSON
INTERFEROMETER

(omplele Cd18.'09 upon request

dSIt for pnce lISt ';5-8

BENZYLIDENE AZINE

1,4-CYCLOHEXANEDIONE

CYCLOOCTANONE

CYCLOPROPYLAMINE

FUROIC ACID

1919-1965
LaMotte Chemical

Chestertown, Maryland U.S.A.
Speci411sh in

Colorimetric TechniQul!:S

SReen4Jf~~s-'II~stt4r~~:ddC~~i~Cd4t~l~g
Dept. AC

high precision BURNER

L:::", Write for fuJI details and prices on the
complete line 01 Nevaco High Vacuum Pumps
and Accessories. Representatives in prin·
cipal cities.

EQUIPMENT

Best for Fluoride

AMADAC-F™

BL'RDICK
&. JACKSO:-J
L.-\BORATORIES

SERVICES

SURFACE AREA PORE VOLUME ANALYSIS
SERVICE FOR FINE POWDERED MATERIALS

lKJ[ill ITiJD0ITU~@®

CLARK
MICROANAlYTlCAl lABORATORY
CH. N. S, Halo!len. Fluorine, Oxygen, Alkoxvl,
Alkimide, Acetyl, Terminal, Methyl, etc. by
specialists in organic microchemical analvsis,

How"rd $. C1.uk, Director

P. O. Boll: 1i. Urban.. , IIJ.-T~kphon( :\~~_~~i

GAS ANALYSES
Mass Spectrometry. Gas Chromiltography

B
OLLDS Luk Detection

, T[l{jNALYTICAL
,~ . 'f,@ERVICE INC.

41 Industrial Rnd, Ben.tley Keilllts, H. J. D1922'- 281-464-3331 ,/

CEC 21·103C
MASS SPECTROMETER SERVICE

Convenlence·packaged mixture of lanthanum
chelate of 3-aminomethy!alizarin·NN~diacetJc
acid, buffers and stabilizers. affords accurate,
sensitive and convenient Quantitative colon·
metric method for fluoride.
60 g. (for 100 detns.), with bibliography end
complete Instructions ..............•... ,$15

NUMEC·O!) Inslrumenls & Conlrol. Corporation
Apollo, Pa. 15613 Phone: 412472-8411

MATERIALS

ANALYTICAL CHEMISTRY
Advertising OFFice:

-430 Park Avenu~ New York. N. Y. 10022

Accepted industry standard. Resolution to
mass 600. Suitable for most orgonic gases,
liquids, solids (min. vapor press. 1 mm. Hg. at
300 0 C.). Complete petroleum laboratory _
Continuous and batch distillations • Pilot
plant facilities include high temp.-high
pressure continuous feed reactor.

Since I 955-EXPERIENCE COUNTSI

Petroleum Analylical Research Corporalion
P. O. 80. 12334 Houston_ Tens 77017

Tel. MI 9-i7S3

• For Flame Photometry and
Atomic Absorption

• Total Consumption -
Non Clogging

• Interchangeable Aspirators
• Uses both H, and C,H,
• Minimal Sample Volume

OitrlC7j CORPORATION 751 MAIN ST.
I,=-=-==--=- WAL7HAM, MASSACHUSETTS

Inches pel' year

12 ..

24.

48.

Rate pe. inch

.. S28.OO

27.00

26.00

24.00
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Future Articles
Quantitative Separation of Halate Mixtures by Ion
Exchange Chromatography

J. L. Skloss, J. A. Hudson, and C. J. Cumminskey

Listed below are papers fo appear in forthcoming issues 01 Analytical
Chemistry Continuous EDTA Titrations with a Dropping Mercury

Electrode. Automated Titrations Based on Nonsymmetri­
cal Curves

A Highly Sensitive Electric Discharge Detector for
Chromatographic Analysis

W. J. Blaedel and R. H. Laessig

E. R. Fisher and Maclyn McCarty, Jr.
Porous Thin Layer Modified Glass Bead Supports for
Gas Liquid Chromatography

Calculation of the Concentration Corresponding to the
Point of rntersection of High and Low Concentration
Segments of Analytical Curves in Atomic Emission Flame
Spectrometry

James Winefordner, Thomas Viders, and Lloyd Remington

J. J. Kirkland

Frontal Analysis Chromatography. Experimental Study
of Flow Rate Changes Due to Solute Sorption, .....d Reten·
tion Characteristics of Sharp Front.

G. J. Krige and Vietor Pretorius

Characterization of the Voltage Fluctuation in the D.C.
Arc for Spectrochemical Analysis

J. W. Mellichamp

Frontal Analysis Chromatography. Calculation of Flow
Rate Changes Due to Solute Sorption, and Retention
Characteristics of Sharp Fronts

G. J. Krige and Vietor Pretorius

Determination of Organophosphorus Insecticide Residues
Using the Emission Spectrometric Detector

C. A. Bache and D. J. Lisk

Continuous Electrochemical Monitoring of Unsymmetrical
Dimethylhydrazine

R. P. Buck and R. W. Eldridge

POSSIBLE ONLY
with a

SIGMAMOTOR
PUMP

~ ~~~F~:R:N~RLI~UIDS
SIMULTANEOUSLY
Some models will accommodate up to four tubes
so that four different liquids can be passed
through the pump at one time without danger
of contamination.

FEED AND MIX~
One or more tubes can be feeding material
to a mix while a larger tube is recirculating
the liquid to produce agitation and thorough
mixing. Viscous materials can be pumped
without danger of gumming or plugging.
Remove tube and pump is dean.

~METER ADDITIVES
One or more additives can be pumped ta a solu­
tion in the exact amount desired by selecting the
correct size of tubing and regulating pump speed.
Various controls can be incorporated to close
valves ahead of pump.

Capacities from 0.5 cc. per min. to 4.5 G.P.M.

"-'''''''~-''---=-~I'Nritefor complete information on sizes and capacities.

SIGMAMOTOR, INC.
047 N. Main Street Middleport, N. Y.

MOVE CORROSIVE L1QUIDS~
Material being pumped never comes in contact
with pump mechanism. Wove-like motion of steel
fingers forces material through Tygon tubing.
By changing size of tubing, capacity can be
increased or decreased. Pump housing opens for
removal and insertion of tubing.

160 200 250

4.95 7.95 7.95
7.95 14.95 14.95

10.95 24.50 24.50

Just let air in, lift lid off.
Simple! No pushing or tugg­
ing to free a stubborn lid.
Des·O·Ring's dry-perfect seal
maintains vacua of a fraction
mm Hg indefinitely. The best
seal for glass desiccators!

No Effort . •• No Grease •.
No Crowbar

OE~-Q-IiING®
Pat. Pending

Lids Offl....

_20°F to +200°F
_65 0 F to +350 0 F
- O°F to +500°F

Temperature RangeMaterial
Neoprene@
Silicone Rubber
Viton@

No. AI03·75 Des-O-Ring Desiccator Seal
Desiccator Size, MM

Be sure to specify material.
Fits only Kimax ® or Pyrex ® Brand Glass Desiccators.

...............
LAPINE SCIENTIFIC COMPANY

6001 South Knox Ave, Chicago, IllinoIS 60629
South Buckhout Street. Irvington. N Y 10533

, 2229 McGee Ave, Berkeley, Cal 94703
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Countless Applications: Th" ,ww Model '10402 Goldberg Tie'
Refractometer can be us(!d as a "conccntrimder" to check and
adjust cOIH:cnlralions uf laboratory reagents and preparations.
pharl11:Jcy batches lind pn~scripliol1s. Irs ;Ill ideal teaching and
research tool for chemistry and physics laboratories.

Automatic Temperature Compensation: Unique. hermctically­
scailld liquid prism eliminate::; error clUl: to temperature changes.
No \-vater bath or lemperalurn controller needed.

Ultra-Micro Analysis: Smull sampl" Ile"d"d, no more thun 0.02 ml
... a single drop of solution.

Instant Readings: Read ind(:x of rt)fraction and indr-lx 01" refraction
differenCl! direct from built-in double scale.

Accurate: Rerracli\'f~ index scalt~ reads clir(~(;th' 10 0.0002, com­
parable in accuracy to large bt~n(;h-type Ahbe r;~frilctOI1w:crs.

Tables Available: Table of Properties of aqtwous solutions reluted
to indl~x uf refraction, cunsisting of 70 common laboratory rea~enls

and other solutions is a\'i.lilable frum Anwricon Optical at 515.00.

Optional Illuminated Table Stand
provides ulmost convenience
for laboratory applications.

Direct determinations of solution concentrations
.. .with asingle drop of sample!

~ The new Goldberg Refractometer

and its use as a "cunccntrimcLcr"

were dC\'c!oped in cooperation

with Dr. A. V. Wolf. Head of the

Dept. of Physiology. University of

Illinois, College of Medicine.

(.-;MER-;CA-N-OP~~C;;::-CO-;;P;NV'\
I ~ INSTRUMENT DIVISION. BUFFALO, NEW YORK 14215 l
I Dept. T-'8 I
I Please send complete information on the Model 104.02 Goldberg I
I Tie Refraclomeler. I
: Name_ ~_ ~ :

I Address _ _ I
I City.__ _ Slate Zip___ I
\ IN CANADA' => 0 Bo>< 130. °0'1:."11 S:.l: <'.'~. -:~~-:: .- J-:.l¥; J
~-----------------------------,
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OPTIMAL

FLOW

FOR GAS

CHROMATOGRAPHY

... pack your next column with 10-mesh cut ANAKROM *.
ANAKROM is a specially·:elected diatomaceous earth with high chemical inertness, care­
fully processed to produce aggregates with unequalled flow characteristics. ANAKROM in
10-mesh cut (40/50 to 160/170 mesh) offers the gas chromatographer the tiniest uniform
particles, average pore diameter of 1", high resolution, and excellent resistance to frag­
mentation in ordinary handling. ANAKROM has been described as "The finest solid sup·
port made." It is! Versatility? ANAKROM comes Untreated, Acid Washed, Acid and Alcohol
Base Washed, and in Vacuum Siliconized versions of both washed types. Ask us for our
latest catalog on Gas Chromatography materials. In the meantime, write, or call, fer an
order of ANAKROM and see the difference in your separations on your very next analysis.

ANALABS, Inc. P.O. Box 5215 Hamden, Conn. -Registered 1M, ANAlABS, INC.

DEALERS WITH OFFICES IN MOST MAJOR CITIES; PERKIN-ELMER CORP., NORWALK, CONN.

JARRELL·ASH CO.• WALTHAM. MASS. I f & M SCIENTIFIC CORP•• AVONDALE. PA. / BARBER·COLMAN CO.• ROCKfORD. ILL. / PERCO SUPPLIES. SAN GABRIEL, CAlif.
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