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- YOU SAVE - SPACE,

LABOR, FREIGHT

wilh Y new, 1775'.57/0%/

‘Baker Analyzed REAGENT ACID

§ 7',4 10 J’Wa}' .

BOTTLE and CASE

stores 18.5% more acid in same space

saves bookkeeping (no deposit, no returns)
saves freight expenses (lighter weight—no return)
promotes safety (dripless pouring sleeve)

LIGHT, RUGGED AND EASY TO STACK, the new
‘Baker Analyzed’” Reagent Acid Thro-4-Way Bottle and
Case help you in many important ways.
freight expenses arc lower.

Incoming
They save vou time and
labor, and permit the storage of 18.5% more acid in the
zame amount cf space (see insert below). To open, just
slit center tape, raise flaps and lift out boitles. Double-
wall construction of sottle nests protects cgainst break-

age. I.C.C. approved packaging.
NO DEPOSIT, NO RETURNS. Because

Thro-A-Way
bottles and cas

are one-way shipping containers, you

i

e

save man-hours in your laboratory and your book-
Keeping department. No credit voucher:-—no compli-
cated paper work—no shipping charges to return
empties. New dripl
pour aci

pouring sleeve means yvou can

readily—with greater safety.

REAGENT KJ FINE
Phillipsburg, New Jetsey
€J.T.B 185

For further information, circle

ACTUAL LOT ANALYSIS and ACTUAL LOT
ASSAY. ‘Baker Analyzed’” Reagent Acids and Am-
monium Hydroxide continue to bring you the highest
standards of purity in the industry—proved to the
decimal by the Actual Lot Analysis and Actual Lot
Assay on every label. The color-matching labels and
86
leading laboratory supply houses assure you fast, con-
venient availability.*

closures guard against accidental contamination.

“The following ‘Baker Analyzed’ Reagent Acids are available
in Thro-A-Way bottles and cases (cases contain six 5-pint
bottles): Acetic, Hydrochloric, and Sulfuric; plus Ammonium

Hydroxide. Returnable cases and bottles continue to be avail-
able if desired. Nitric and Perchloric Acids are available only
in returnable cases.

- | e |
[..Iul.u -

. .ymoo LASES., oo +os  THRO-A-WAY CASES

.': SUTR L6 ehsese(i0 5. 2 °, 10 cases (6 5-pint
. . qd\n guch) fq;gl e o bottles each): total
st [L.acd, 300 pints terml +e ¢ & acid, 300 pints; fotal

cu. ft. storage space, 21.96.
YOU SAVE 4.06 cuBIC FEET, or 18.5%

cu. ft. storage space, 17.9.

“2nd Cover” on Readers’ Service Card, page 75 A



+- permits

-l direct

YTV
SRR

connection
to pipe!

-.protects

 fragile

arded || =

© ofe R
bt |

flowmeter

W
N

W

Now. ..new Guarded Predictability
Flowmeters developed by Manostat
Corporation fill the need of research
andindustriallaboratoriesforrugged,

fomise, uil cosistyn b shedetiny | okt el e gt precise flowmeters at exceptionally
and gaskets. ing of plastic tube, s.s. pipe low cost. They are the answer to nu-
| ends and gaskets.

Wax. Flow in_ml/min. | Cat. oo cat. s merous requests by users of our pre-

Air Water No. No. dictability flowmeters for a truly ver-

83.8 1.35 691427 35.95 69142L 10.95 satile instrument. Among its features

426 10.30 691437 35.95 69143L 10.95 is its strong Tenite II* outer plastic
2120 59.5 691447 38.80 69144L 13.80 : : i

18400 s4s o145T 5060 GatAst 2:'% protecting tube not in contact with

68200 2070 69148T 52.35 G9148L 25.90 fluid. Materials which do contact fluid

are corrosion resistant stainless steel

s.s. hose ends available for connection to rubber tubing
G15076 H 1&” hose end for sizes 69142 and G9143............
G15081 R 14” hose end for sizes G4144, G9145 and G9148

e EMIL,

20-26 M. MOORE STREET

For further information on the pre-

HMR & : > 1 dictability flowmeters themselves
L write for bulletin.

)DEPT. 221 N. Y. 13. N. Y. - -
R | #Tennessee Eastman **B. F. Goodrich Chem. Co,

Erciaaaien ssphpiliinat
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THIS MONTH'S COVER

A diversified program with a large
number of papers on lopics of current
interest is scheduled for the Division
of Anclylical Chemistry at the ACS
National Mezeting at Miami, April 7
to 12. In addition to symposia on
analytical contributions in patroletm
geochemistry and aralysis of pesti-
cide rasiduas, the divisicn will present
symposia honoring Beckman Awc-d
winner Ralph H. Miller and Fisher
Award winrer John H. Yoe. The
complete program appears on page
29 A.
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Mocel HT-1 was developed to fill the
demand ior a halanc~ which combines
large capacity with unusually high
sersitivity. The beam is graduated to
1 gram and no weights are needed Jor
weighings ¢t 1 kile or less.

Model L.A-2 has ral new features.
The Torsion bands are made of a new,
fx[rcme]_\' corrosion resistant, stronger
alley (Elgiloy). which results in longer,
trouble-free life for the halance. A

Torsion
Laboratory
Balances

single beam with vernier permits accu-
rate weighings from 0.01 gram 1o 10
grams without the use of loose weights.
The stainless steel calibrated beam as-
sembly is nositioned directly over the
Torsion meachanism to minimize the
effects of vibration. Sensitivity is
casily adjusted with the high poise
weight, aad weighing operations are
faster with the new oil dashpot.

If you have an unusual problem,

Model LA-3
200 gram
capacity

LA-3 SPECIFICATIONS

Capacity: 200 gr.
Sensibility Reciprocal®: 0.02 gm.

Beam: 10 gm. by 0.01 gm. with vernier

Pan: 5” diameter stainless steel

where a non-standard balance seems
to be indicated, we will adapt one of
our 25 Torsions or 17 Christian
Becker Balances—or develop a new
design to meet your requirements.

Complete repair and reconditioning
services are also offered. Just send in
your old or damaged Christian Becker
or Torsion Balance for a firm quota-
tion—without charge or obligation—
on the cost of repair work.

Model HT-1
30 pound
capacity

HT-1 SPECIFICATIONS

Capacity: 14 kg. (30 Ibs.)

Sensibility Reciprocal®: 0.75 gm. (.046 oz.)

Beam: Single graduated beam with 2 slide weights,
beam reading 1 gm. to 1 kg.

Dashpot: New oil dashpot for faster weighing Plates: 10” diameter iron plates (ring-bottom scoops

Finish: Smooth, chemically resistant gray with counterpoise available)
Dimensions: 52" x 112" x 9" high
Net Weight: & |bs.

Shipping Weight: 11 Ibs.

Finish: Smooth, chemically resistant gray
Dimensions: 272" x 10” x 15" high
Net Weight: 39 |bs. » Shipping Weight: 60 Ibs.

*Sensibility Reciprocal (S.R.) is the amount of weight required to change the rest position of the indicator one full scale division.

Y. Torsion Balance %am/mu/

MAIN OFFICE AND FACTORY: CLIFTON, NEW JERSEY

SALES OFFICES: CHICAGO, SAN FRANCISCO
For further information, circle number 6 A on Readers’ Service Card, page 75A
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More BROIVVIIN E

for chemical processing

Now you can benefit from the processing advantages of elemental
bromine and be confident of a continuous source of supply. Our new bromine
plant 1 at El Dorado, Arkansas, now is in operation; from it you can
secure uninterrupted deliveries up to 100,000 Ib. tank car quantities. This
added capacity to our production from plants at Saint Louis and Manistee, Michigan,
permits you to take full advantage of bromine’s unique properties and characteristics.

In many instances, bromine can supplant elemental chlorine and fluorine with marked
improvement in processing yields, ease of handling, and developing new products.
Specifically, you’ll find .

; ) ® Catalytic properties of various inorganic bro-
Bromine compounds increase mides in reactions involving intramolecular

processing yields in: rearrangements.

Quarternary salt formations; nitrile formations:
hydrolysis to carbinols; Grignard reactions in
the aromatic series; Ullmann reactions, and New product opportunities:

Reformatsky reactions. . . .
@ Bromine imparts greater fire resistance to

organic compounds than low molecular
. weight halogens.
Bromine offers such

processing advantages as: @ New pharmaceuticals are possible with
bromine compounds as intermediates.

® Liquidity —no pressurized equipment re-

quired. ® Bromine can be compounded to produce ac-

tive germicides, bactericides, and algicides.

® Lower oxidation potential than those of

chlorine or fluorine. You may discover many other significant and
profitable bromine uses now that it is available
in quantity. Michigan Chemical will be glad to
help you with your present bromine neecds, or
® Exceptionally high densities of bromine com- with your basic bromine research. Just write

pounds. or phone us.

® Melting points of bromides are higher than
those of chlorides or fluorides.

MICHIGAN CHEMICAL CORPORATION

550 Bankson Street, Saint Louis, Michigan

® EASTERN SALES OFFICE: 230 Park Avenue, New York 17, New York

C.56-14 1t A joint-venture project of Michigan Chemical Corporation
*Reg. U.S. Pat, Off. and Murphy Corporation of El Dorado, Arkansas

For further information, circle number 7 A on Readers’ Service Card, page 75 A
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HOW G.E.’S RECORDING SPECTROPHOTOMETER HELPS YOU

Identify Colorants Quickly and Accurately

PROBLEM 1

Suppose that during a check of mill in-
ventory you find a barrel of dye marked
“Red G.” Exact :dentification and
strength are unknown but the sample is
known to be an acid dve. Without spend-
ing a lot of time on complex quantitive
and qualitative analysis, you can identify
the dye quickly and accurately, and read
the concentration directly by the use of
a simple plastic scale.

HERE’'S HOW

Dissolve the dve in water and place
<he sample in a Gene-zl Electric Record-
ing Spectrophotometer. The instrument
draws a cu-ve which is characteristic of
the colcr of the sample. This curve, shown
in red, is the “finge-print” of the dye
which you are tryving tc identify and by
checking this curve with your file of
curves for other dyves of this type, your
unknown dye can be identified quickly
and accurately. In the example pictured
here, the curve was readily seer to match
the “fingerprint” curve of Azc Phloxine

GA Extra Concentrated (C. I. 31). That
curve is shown as the solid line on the
graph. It is also possible to read the con-
centration of the sample dye directly by
placing a simple plastic scale over the
curves to find concentration difference
between the known concentration and
the unknown.

OPERATOR RUNNING CURVE of a color sample
on the General Electric’s easy-to-use Record-
ing Spectrophotometer.

TRANSMISSION

-20

'\.:RAMO\

CO\

|

|

J
700
SCALE SHOWS sample is 107, weaker than
known standard of Azo Phloxine GA Extra
Conc. (C. L. 31).

00
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Color-match Samples Without Question

PROBLEM 2

Suppoese a customer sends you a sample
of z grey shade and asks you to develop
a dye to maich it. The General Electric
Recording Spectrophotoraeter will help
you avoid the delay of many trial and
error formulations and will give you
guiCance in preparing a ‘ormula which
will not change color when going from
one type of illuminatior. to another.

HERE’'S HOW

Meesure sample on G-E Spectropho-
tometer using a color metching “R"” cam.
The resulzant curve (red line) has char-
acteristics of the curves for orange and
blue dves, not of yellow, red and blie
dyes. Curves of thke prcper blue dye
(Acid Blue ARA) (dashed line) and for
the proper orange dye (Fast Light Orange
2G; (dottsd line) are shown. Use of a
simple plastic scale will show the proper
concentration for ths blus dye and the
amount of orar.ge dye can be easily calcu-
lated allowing for the absorption of blue

‘n the orange region. You then mix the
dyes, make a trial dyeing and run another
curve. This curve will match the original
curve and only slight formula adjust-
ments will be needed to get an exact
visual match. Total time 10-15 minutes.

For information about the General Elec-

- wric Recording Spectrophotometer, call
vour G-E Apparatus Sales Office or write
to Section 583-40, General Electric Com-
peany, Schenectady 5, N. Y. For latest
information on color measurements, ask
to be added to mailing list 79.

CLOSE-UP of the General Electric Spectro-
phctometer drawing a curve of color.

REFLECTANCE

N

Joff
|
05 |
|
— 2 o
o} w i S 2
5] 2 & o g 3
> @ S > S} &
o1l 1 L 1 L
400 450 500 550 600 650 700

CURVE OF UNKNOWN SAMPLE indicated in
red. Curve shape indicates that blue and
orange dyes should be used.

GENERAL @B ELECTRIC

For further information, circle number 8 A on Readers’ Service Card, page 75 A
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Classification of Analytical Methods

Between absorption spectrometry and zymometry there are a host of other analytical
techniques, the number of which is increasing steadily. An alphabetical listing of these
methods and techniques, while impressive in size, is disheartening to those who are ex-
pected to master analytical techniques. Over the years, various classification systems
have been proposed to systematize these techniques and methods. The author and some
of his associates proposed one such system seven years ago. Subsequent experience has
established its usefulness, the authors feel, in the organization of courses and the indexing
of papers. Progress in the field of analysis, however, has made modification desirable.

The modified system and the reasons for it are the subject of this month’'s “Report for
Analysts.”

FTER COMPLETING an elementary
course in quantitative analysis, a
student may feel that the whole field
is included under the heading gravi-
metric and titrimetric methods. He
gets a rude awakening when he is
confronted in advanced courses or in
work after graduation by a whole new
array of techniques and methods.
If he should attempt to list known
methods, a partial list might read:

Absorption spectrography
Absorption spectrometry

Amperometric titrimetry
Biological assay

Capillary analysis

Colorimetry

Combustion analysis
Conductometric titrimetry
Coulometric analysis

Critical solution temperature method
Densitometry

Electrical conductivity method
Electrodeposition

Electrographic analysis

IZmission flame spectrophotometry

Frederick C. Strong Ill, 39-
year-old associate professor of chem-
istry at Stevens Institute of Technology
is a native of Denver. He received his
B.A. degree with high honors from
Swarthmore College in 1939 and his
M.S. in analytical chemistry atLehigh Uni-
versity in 1941, He did some graduate
work at Bryn Mawr in 1947. Except
for a few short periods of industrial
experience as a research chemist, he
has taught chemistry. He was an assis-
tant at Wesleyan University in 1943, an
instructer at Cedar Crest College,
Allentown, Pa., assistant professor at
Villanova in 1947 and has been at
Stevens Institute of Technology since

1951. His teaching at present in-
cludes courses in sophomore analytical
chemistry, physical chemistry and a
graduate course in instrumental meth-
ods of analysis.

In addition to an article on "Trends
in Quantitative Analysis” (ANAL. CHEM.,
19, 96871, 1947) and "The Theoret-
ical Basis of the Bouguer-Beer Absorp-
tion Law” (ANAL. CHEM. 24, 338-42,
1952), he has prepared a textbook
"Qualitative Analysis” to be published
shortly by McGraw-Hill Book Co.
He is also editor of “Applied Spectros-
copy,” publication of the Society for
Applied Spectroscopy.

He is a member of the AMERICAN
CHEMICAL SOCIETY.

VOL. 29, NO. 3, MARCH 1957 19 A



New efficiency for
luorometric measurement

measuring higher concentrations, such as are found in feeds

For the rapid, precise analysis by fluorescence of Vitamins,
Quinine, Atabrine, Fluorescein. Porphyrins, Steroids, metal
complexes and other cecmpounds susceptible to fluorometric

measurement.

Full A € Operation. The Model 12C is entirely A C line-
operated =nd employs no batteries. The high intensity mer-
cury vapor lamp source and the photo-tube amplifier are
automatically stabilized aguainst line voltage variations.

Greater Sensitivity and Stability Extend Range of
Use. The combination of increased sensitivity to low intensity
fluorescerice and the new non-drifting measuring circuit sub-
stantially extends the ability to analyze solutions of
extremely low concentration. The speed and facility of

and grains, is likewise enhanced.

Simple Controls—Easy Operation. Only 3 simple con+
trols adjust the measuring circuit and permit fluorescence
measurements over a wide range of sample concentrations.
Readings made directly from meter on instrument panel.

Wide Filter Selection. A wide selection of optical filters
is available for isolating the sample from both the mercury
vapor light and the phototube. Blank filter holders available
for special filter combinations when needed.

For complete details write for Bulletin B-230
Dept. A. Coleman Instruments, Inc., Maywood, L.

THE NEW MODEL 12-C

@2 (oleman Photofluorometer

..For further information, circle number 20 A on Readers' Service Card, page 75 A
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REPORT FOR ANALYSTS

Fmission spectrography

Iluorometry

s analysis

Grravimetrie analy

Magnetie susceptibility methods

Mass spectrography

Mass spectrometry

Melting point and freczing point change
method

Microscopical analysis

Nephelometry

Neutron capture

Polarimetry

Polarography

Potentiometric titrimetry

Raman spectrography

Refractometry

Sonic methods

Spectrophotometry

Thermal conducetivity method

Titrimetry

Turbidimetry

Viscometry

Volume of liquid distilled

Volume of precipitate

X-ray diffraction analysis

Zymomoetry®

« It seemed fitting to conclude the list witha 7
so the author’s associates invented Zymometry,

the “determination of enzymes.”’

After he has made up such a list, he is
not much better off.  The correlations,
if any, between the methods are not
evident. What is needed is a classifica-
tion method to show how each method
fits into the whole scheme of analysis.

This problem is not new. It has been
recognized for many years.  Many
competent analysts have made efforts to
devise a classifieation system.  In an
carlier article (3), the author described
the virtues and faults of several of these.

Requisites of an Ideal System

Requirements of an ideal classifica-
tion system are:

1. A division must be exhaustive.

2. The constituent species of the

genus must exclude one another.

3. A division must proceed at every
stage upon one prineiple, the funda-
mentum divisionts.

4. Tt must be based upon generally
accepted  divisions of chemistry  and
physies.

5. It must use a generally aceepted
vocabulary.

6. It must be of definite utility.

7. It must not involve theoretical
knowledge on a level above that of an
undergraduate in chemistry.

8. The eriteria for differentiation
must be simply and clearly defined.

9. It must be capable of expansion

and intensification without the necessity
for radical revision.

A practical syvstem, even though it
does not meet all these criteria, can still
be a very useful guide.

One problem in most classification
systems arises from the careless use of
“physicochemical.”

Requisites for Practical System

A classification system, to be most
useful, the author feels, should be based
on the operations involved—that is, the
fundamental nature of the operations
which are carried out upon the material
to be analyzed. It can be physieal,
chemieal, or biological in nature. The
objective of using an operational (fune-
tional) basisx i to eclarify the funda-
mental nature of the operation itself, as
this is a source of confusion in the
organization of the science of analytical
chemistry.

The next step is to differentiate
between operations involved in prepara-
tion and operations involved in measure-
ments.

Definition.  “Method of analysis™ is
defined as a procedure or sequence of
operations  which  makes possible a
quantitative estimation of the chemical
composition of any material. “Deter-
mination” denotes an operation which
involves a measurement of amount.
“Preparation’ denotes any operation to
which the material must be subjected
before a measurement can be applied.

Classification of Quantitative
Analytical Methods

The classification system proposed for
quantitative analytical methods is
based on (1) methods of preparation of
sample, and (2) methods of determina-
tion of the desired constituent.

Preparational operation can generally
be differentiated on the basis of being
cither essentially physical or essentially
chemical.  Such a distinetion, while
difficult to make on a fundamental
scientific basis, is relatively simple when
based on traditional considerations.
The distinetion between a chemieal and
physieal proeess is made by considering
whether or not the chemieal composition
of the system changes as a result of the
process. To be useful. a classifieation of
the methods available for measurements
must achieve a high degree of differenti-
ation.

In this econnection, biological methods
of measurement constitute a large sub-
division. Whether or not a method is
biological depends on (1) whether the

FREE

TO ANALYTICAL CHEMISTS

'Cr::r:khlekhev & Schuell Co-
KEENE NEW NAMPSKIEE

ANALYTICAL

FILTER PAPER .
SAMPLER

To acquaint you with S&S Ana-
lytical Filter Papers, we invite
analytical chemists to mail the
coupon below for a free sampler
made up of several grades.

As an analytical chemist, you
know that precise chemical anal-
ysis requires filter paper of the
proper quality and density.

For those who demand only the
finest working tools, S&S Filter
Papers offer these advantages:

1. Standardization, for consis-
tent accuracy — complete
physical uniformity.

2. Selection, for more precise
analysis — a wide range of
types from which to choose.

Make your own tests! Send for
your S&S Filter Paper Sampler!

S&S ULTRA FILTERS

S&S dual-purpose Ultra filters —
smooth-surfaced membranes pos-
sessing extremely uniform micro-
structure—are ideal for filtration of
colloids, proteins, and micro-organ-
isms, as well as dialysis and osmosis.
Mail coupon below for free S&S
Ultra Filter Catalog.

MAIL THIS COUPON TODAY

l CARL SCHLEICHER & SCHUELL co.
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FREE Samples of
E-D FILTER PAPER

for EXPERIMENTS IN

Chromatography...
E-D grade No. 613

Electrophoresis. ..
E-D gracde No. 301—85 Ib.

Qualitative Analysis...
E-D graces Nos. 613, 615

E-D FILTER PAPERS are qualitative—non-acid washed—
of low ash content—nentral and substantially free of
solubles. They are produced here, at Mt. Holly
Springs, from carefully selected materials, under strict
laboratory supervision. They enjoy an international
reputction for dependable uniformity.

E-D scientific filter papers are available in . . .

SHEETS . . . sizes 20” x 20"
and 184" x 221",

ROLLS . .. 6ft. Jong . ..
widths of %7, 1”7 or 1%”.

CIRCLES . . . from4.0 to 101.5 em.

Or in special sizes and shapes,
cut to individual specifications.

Your dependable E-D distributor will gladly supply
you with free samples . . . Or, you can write directly
to this office.

THE EATON - DIKEMAN CO.
FILTERTOWN

MT. HOLLY SPRINGS + PENNSYLVANIA

Since 1890, the only Company in America exclusively devoted to the
manufacture of filter paper for science and industry.
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determination is based primarily on
response of a living organism and, if
not, (2) whether the chemical composi-
tion of system changes as a necessary
result of the determination.

Similar types of questions help break
the classification system into biological.
chemical, or phys

Revised System

The system developed by the author,
which is a revision of his 1950 system,
appears below.  One major change has
been to make the classifieation more
specifie, particularly with regard to
qualitative analy Previously, quali-
tative analysis was considered as a
necessary preliminary and came under
the heading of sample preparation.
The author now feels that this iz un-
realistic suppression of an important
part of anal particularly in such
fields as cmission and absorption spec-
trometry.

The previous concept of analysis is
retaincd.  This involves a three-step
proce ‘dure: sampling, qualitative analy-
sis, and ({ll.lllt]t‘ltl\(' analysis.  Such a
svstem is consistent with the truism
that an analysis that is purely qualita-
tive is of no value: there must be at
least a semiquantitative estimate of the

stance identified.  This concept is
nee with some definitions of

S.

In working with his original system,
this author concluded that it was too
general in allowing space for all con-
ceivable methods of quantitative analy-
si without naming or 4mphhmv
important methods now in use.

The revised version  lists  only
methods of current importance or those
promising to be important in the near
future. There is some claboration on
their variations.

One significant change is the shift of
gravimetric methods from a chemieal to
a physical operation of measurement.
The previous inclusion of the separa-
tional steps as inherent in the connota-
tion of the term gravimetric (thus making
it chemieal in nature) has justification,
but an expansion of the section on
preliminary operations and a grouping of
methods of separation make the previous
arrangement  inconsistent.  The new
position for gravimetric methods is the
one advoeated by Patterson and Mellon
(2). However, the author cannot accept
their rtion that all methods of
measurement are essentially physical.
For example, it appears to the author
that the measuring step in a titration is
the process of titration itself, the
standard solution being the yardstick,
not the buret readings. Concurring
with this point of view, the Nomen-




A complete line of pH meters incorporating modern electronic tubes and circuits,
simple in operation and maintenance, featuring sealed amplifier plug-in unifs.

Line-Operated Model 115

e Single range 0-14, scale length 47, accuracy 0.05 pH unit.
o Fully stabilized for wide range of line voltage fluctuations.
o Unprecedented in compactness and low price of only

Write for Bulletin #225 $125.—
Line-Operated Model 110

® Single range 0-14, scale length 7", accuracy 0.02 pH unit.
® Availeble also with shielded compartment, with base board and
carrying hood, with bottles and beakers, additional price $60.—.

Write for Bulletin #105 $195.—

Battery-Operated Model 125

® Single range 0-14, scale length 52", accuracy 0.03 pH unit.

© Only 3 batteries, standard radio type, 2,000 hours of service,

® Carrying frame for instrument, beakers, and bottles, price $20.—,

® Stabilized power supply unit available for alternative operation
from 110 volt AC line, price $S48.—.

Write for Bulletin #118 $155.—
Battery-Operated Model 125-B for Blood pH

® Scale length 234", expanded five-fold for blood pH tests.
® Accuracy 0.01 in pH 6-8 range, 0.05 in pH 2-12 range.

Write for Bulletin #122 $175.— MODEL 125-8

See also Bulletin =138 on pH Meter Tester Mod. 25 for checking the performance
of pH meters without electrodes or buffers, applicable to pH meters of any make. $58_

PHOTOVOLT 5 iofon svenue v .16 v .

PHOTOVOLT Line-Operated
Mu|tip|‘ier FLUORESCENCE METER

for Partition Chromatography
Mod. 540

and Paper Electrophoresis

® High-sensitivity for measurement of low concentrations (full-
scale for 0.001 microgram quinine sulphate)

A photoelectric precision instrument for the rapid 1| © Micro-fluorimetry with liquid volumes as low as 1 ml

and convenient evaluation of strips and sheets

® Low blank readings, strict linearity of response
of filter paper in partition chromatography and ® Universally applicable due to great variety of available filters,
paper electrophoresis. sample holders, and other accessories
® |nterference filters for high specificity and for determining
! ] spectral distribution of the fluorescence
Write for Bulletin 800 to ® High-sensitivity nephelometry for minute turbidities

Fluorescence evaluation of powders, pastes, and solids, also

P H O T O v O L T C O R P‘ in spot-tests on filter paper without elution

95 Madison Avenue New York 16, N. Y. Write for Bulletin 392 to

Al
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APIEZON OIL DISTILLATES
for HIGH VACUUM WORK

These Apiezon products kave the recognition of leading scien-
tists who accord them top preference for high vacuum work.

Because of the exceedingly low vapor pressure of all
these oil distillates. at usial room temperatures, they are in
great demand for all sorts of high vacuum work. Their vapor
pressures are as low as
10-* mm. Hg, and even
unmeasurable at room
temperature.

As the exclusive distribu-
tor in the United States, we
offer immediate delivery
from stock on the complete
range of these oils and
compounds.

For applications, working
characteristicsand list prices,
write for Bulletin 43-AC.

LEYBOLD MERCURY EJECTORS and
DIFFUSION PUMPS

The Model Hg 3 mercury diffusion pump
reaches its ful pumping speed at pressures
below 10-? rmm. Hg and remains constant
down to 10-" mm. H

The mercuary ejectors mocels Hg 12 and
Hg 45 reach maximum pumoing speed at
pressures between 10-! and _0-2 mm. Hg.
Specially desgned jets permit constant pump-
ing speed at pressures between 10-# and 10-
mm. Hg.

The pumps begin to operate at considerably
righer pressures. The ultimate vacuum is better
than 10-¢ mm. Hg.

We welcome your inquiries cn this equip-
ment and the accessories for it.

Wirite for Budletin 44-4C.
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clature Committee of the Division of
Analytical Chemistry of the AMERICAN
CHEMICAL SOCIETY says in its latest
report (1):

Titration iz a determination of the
reactive capacity, usually of a solution.

Titrimetric signifies measurement by
ration.

This point of view sanctions the
picturesque term. coulometric titration.
Other definitely chemical methods are
those measured by ‘tion kineties and
by oxidation potential.  On the other
hand, observations of color and odor

are dependent upon physiologieal re-
actions of the observer and are therefore
-l operations,

In classifying so-called electrochemi-
cal methods of analysis, distinetion is
made between those that merely involve
cleetrical indication of titration end
points and complete analytical methods
such ax polarography  and  electro-
deposition,

Undoubtedly, any classifieation will
have aspects that invite revision by
the reader, cither for special purposes
or on a fundamental basis. The one
presented herewith is the produet of
many revisions by the author and will

probably soon be changed again.

hiolog

Summary

A classification system for analyvtical
methods gives boundaries to the field
and brings order to the list of methods.
A system is useful to teachers, students,
and librarians. Tt also points out ar
where the opportunity exists for devis-
ing new methods,

A classification svstem makes possible
cross referencing and  developing an
indexing system such as the decimal
method.

Such a classification system permits
a rapid and accurate comparison of
analytical methods on the basis of
general theory: characteristies such as
rapidity, accuraey, sensitivity, com-
plexity (mathematical or operational),
cost (initial and  operational); and
applicability.

Literature Cited

(1) Hughes, H. K., el al., Axarn. CreMm. 24,

1349-54 (1¢ .

(2) Patterson, . D., Jr., Mellon, M. G.,
Chem. Educ. 26,468-71 (1949).

3, J., Steinhardt, R. G., Jr.,

Strong, F. C., III, A~xar. Crewm.

22, 966-9 (1950).
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Beckman ZERQMM\C

—the first push-hutton
drift-free pH Meter

Now, errorless pH mcasurcmems _right at
your ﬁnger(ips{ The Zeromalic pH Meter is
easy O operate, easy to read, €asy o maintain.
You can connect it t0d standard pmcmi ymeter
recorder . - - US€ it for Karl Fischer ditrations - - -
and incorporaté uu[nmnlic temperature com-

pun.\‘l(inn.

important features are:

push-Button Control: Needle springs 1© exact pH of
sample of touch of the “Read' button:

Drift-Free: Zero drift compenscted for cutomcticc\\y by
internal voltage compensctor. No‘Nurm-Up Time: Instantaneous readings 4ueto ‘standby
circuit” (Unit continues 10 operate when amplifier is off).

Millivolt Range: Readings ©7 stendard 700-0-700 milli-

yolt scale, oF 0-1 400 millivolt range with "disp\cced” zero— Errorless Reading: M'\rror-bccked scale eliminates paru\\ox
py pushing @ button. o guarantees accurate reading every time!

No. H4900X Beckman Zeromatic pH Meter complete - . 5275.00 For the complete Zeromatic stoTY send for Bulletin AC-T05.
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The new, smproved THELCO OVEN

Fast Heat-Up ° OQutstanding Heat Transter
Rapid Recovery = Minimum Drift
Unmatched Uniformity

Features of the newly redc_signed Thelco Ovens and Incu-
bators include: black beat elements - - ° dcpcnd’.\b\c
hy draulic thermostat - - © ccntruhzct\ controls - - - adjustable

air exhaust -+ _and many more.

Thelco OYED® havea temperature range to 200°C. ThermoO-
stat sensitivity is £0.25 C. In Models 16 and 17, with
grm'n} convection heat (ransfer, heat-up time O maxi-
mum {em perature without load is 1 hour 30 minutes- Re-
covery ime (open door 1 minute) 18 40 minutes. O\'er:\l\
uniformity s 14 O = 1776

range. 10 Model 18, with mcch;miu\\ convection, heat-up
time 18 reduced 10 40 minutes and recovery time tO 23

1

minutes- Temperature uniformity 15 +1.1°C. throughout
chamber.

195.00 Model 16

£50.00 WRITE FOR COMPLETE |NFORMATION ON
THESE AND OTHER MODELS.

SCIENTIFIC GLAS
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STANDARD MODEL D KESTON POLARIMETRIC UNIT

for attachment to BECKMAN DU SPECTROPHOTOMETER for Photoelectric Polarimetry.
e SENSITIVITY 0.0015°

@ PRECISE AS BECKMAN
DU SPECTROPHOTOMETER

® ROTATIONS LINEAR
WITH OPTICAL DENSITY
SCALE READINGS

® ENZYME KINETIC STUDIES
® MEASUREMENTS OF ROTATION:

dilute solutions
different wave lengths

@ EASILY FILLED MICRO POLARIMETER 2
TUBES AVAILABLE (0.1 ml. to 2 ml.) Es

Measurements made in a few seconds. No divided circles. Measurements of optical rotations depend on light
rransmission as in spectrophctometric practice.

ENZYME KINETIC STUDIES

Useful for fast or slow reactions

Erzyme
\ D = optical density

scale readings

Replacas special analytical methods for substrates, etc.

t (minutes)

STANDARD POLARIMETER COMPANY, 6 Banta Pl., Hackensack, N. J.
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METALAB
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1 - I
: DIVISION OF NORBUTE CORPORATION I
252 Duffy Avenue, Hicksville, L. 1., N. Y. !

I |
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| [J Plecse senc' us you plement 55-4 [J Please send us your 180-page Catalog 4B. i
I
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I
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] This cut-away view of a standard cabinet is
|
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1 drawer and cupboard units by means of this

: Ciry Zone___State I unique design.
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CLASSIFICATION OF ANALYTICAL METHODS

Sample preparation
Sampling
Drilling, filing, chipping, etc.
Reduction of particle size
Crushing
Grinding
Sieving
Mixing
Reduction of sample size

Qualitative analysis

Preliminary operations
Physical operations
Dissolution
Fusion
Separation

Filha(ion

(physical ad ion)

/Hsorpuon chromatography

Extraction

Simple extraction

Continuous extraction

Partition chromatography

Leaching

Distillation

Sublimation

Dialysis

Electrophoresis

Flotation

Magnetic separation
Chemical operations
Dissolution
Fusion
Acidification
Alkalization
Neutralization
Oxidation

Wet oxidation

Combustion
Reduction
Complexation
Degradation by electron bombardment
(in mass spectrometry)

Separation

Precipitation

Chemicsl reagent

Elzctrodeposition

Adsorption (Chemisorption)

Gas fractionation

Chromatography

Adsorption chromatography

lon exchange chromatography

Gas evolution

Gas absorption

Operations of identification
Physical operations of measurement or
observation
Mechanical

Density, specific gravity
Electrical

Impedance

Photoelectron spectrometry
Thermal

Melting point, freezing point

Boiling point
Optical

Refractive index (refractometry)

Emission spectrum (emission spectrometry)

Arc and spark spectrometry

Flame spectrometry

Huorescence spectrometry

Ab i o b

Diffraction measurements
X-ray diffraction
Electron diffraction

Quantitative analysis

Preliminary operations
(as in  qualitative  analysis)
Operations of measurement
Physical measurements (Do not require
chemical alteration of the treated sample
as an integral part of the measurement)
Mechanical measurements
Mass (gravimetric methods)
Volume (volumetric methods)
Gas analysis
Evolution methods
Entrainment methods
Density, specific gravity (densitometry)
Pressure (manometric metho
Viscosity (viscometry)
Electrical measurements
Photoelectron spectrometry
Thermal measurements
Temperature of phase change
Boiling point (of mixture)
Melting point, freezing point (of mixture)
Critical solution temperature
Thermal conductance
Optical measurements
Photometric methods
Transmitted radiation measured
Absorptiometry
Visual matching
Instrumental measurement
X-ray absorption
Ultraviolet absorption spectrophotometry
Light absorption (visible range
Colorimetry
Spectrophotometry
Infrared absorption
Microwave absorption
Turbidimetry
Scattered radistion measured
Nephelometry
Raman spectrometry
Emitted radistion measured
Arc and spark spectrophotometry
Flame spectrophctometry
Fluorescence spectrophotometry
Diffracted radiation measure
X-ray diffraction
El~ctron d\f‘rac’ron
t based on
Refrdctomekr\/
Interferometry
Rotation of polarized radiation measured (polarim-
etry)
Chemical measurements (require atleasta
small amount of chemical reaction as an
integral part of the measurement)
Oxidation potential measured —e.g., pH
measurement
Electrochemical current measured
Gaseous ions discharged (mass spectrometry)
lons in solution discharged
Unpolarized current (conductance methods)
Polarized current (quantitative polarography)
Reaction rate measured (kinetic methods)
Reaction capacity measured (titrimetry)
Volume of reagent measured (volumetric titrimetry)
Stoichiometric point determined visuelly
Self-indicator
Added indicator
External indicator
Stoichiometric point determined photometrica!ly
Stoichiometric point determined electrochemically
Conductometric
Potentiometric
Amperometric
High frequency
Mass of reagent measured (gravimatric titrimatry)
Subdivisions as above
Charge of reagent measured (coulometric titrimetry)
Heat of reaction measured (colorimetric
methods)

diation velocity

Chemical operations of

observation

Slmple chemicol
of

ement or

observations
3

Formation of characlenshc solution

Formation of characteristic gas
Electrochemical measurements

Gaseous ion discharge (mass spectmlmehy)

| methods
Growth measurements
Microbiological
Population methods
Growth product determinations
Macrobiological

Killing power
Microbiologicall (bactericidal methods,
Macrobioloai

Half-wave potential (qualitative hy)
Biological operations of observation
Odor
Color

EXACTING?
Your lab needs
will best be met

by VITREOSIL’

Not just the world's largest, but also the
most exacting producer of incomparable
fUsed quartz ware offers Vitreosil to meet
your precise needs and specifications.

TUBING

sand surface glazed
or satin surfaced

and transparent
Useful up to 1000' C. and under
extreme thermal shock, Vitreosil
tubing has both chemical and cata-
Iytic inertness. It is homogene-

ous and free from metallic
impurity, and transparent
Vitreosil offers the best

ultra-violet transmission.

Supplied in all
normal lengths and diameters.

CRUCIBLES - DISHES - TRAYS
MUFFLES - POTS - RETORTS

ILLLY

Crucibles made of Vitreosil guard the real pur-

ity of your compounds. They are non-absorp-
tive, non-catalytic, non-porous; can be wire-
wound for electrical heating; are immune to
extreme electrical, chemical and
thermal conditions. Available in
transparent, glazed and unglazed.
Dishes of Vitreosil are ideal for
concentrations, evaporations,
crystallizing acld solutions.
All sizes and types. Trays
and other ware of Vitreosil

in many sizes from stock,

or prompt delivery of
special sizes.

ELECTRIC IMMERSION HEATERS
BALL & SOCKET JOINTS

STANDARD TAPER JOINTS
GRADED SEALS

Corrosion resistant, this Vitreosil
equipment is impervious to all
organic and inorganic chemicals
even at very high temperatures 7,
regardless of concentrations.
except strong caustics and hy-
drofluoric acid. They have excel-
lent high temperature character-
istics, strength, impermeability
and outstanding electrical prop-
erties. Stock sizes for immediate
shipment, custom items to order.

Write for bulletins and prices
on any Vitreosil item

W'Y THERMAL AMERICAN
> FUSED QUARTZ CO., INC.

18-20 Salem Street, Dover, New Jersey

Please send illustrated bulletin or informa-

tion on

Name & Title_
Stieer— .

1

Company__ . ]
: 1

1

City _ __Zone_____State_
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NATIONAL CARBON COMPANY . A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, N. Y.
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh. San Francisco « IN CANADA: Union Carbide Canada Limited, Toronto
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This newast member of the “Naticnal”
electrode family is made of a high-
censity graphite that gives the pene-
tration resistance often desired in test-
ing ligquics such as light hydrocarbons.
It supplements Platferm Disc L-4078
-——now widely used for analysis of
powders, aeavy oils and non-penetrat-
ing solutions on a horizontally revolv-
ing platform.

National Carbon Company also sup-
plies discs for rotation in the vertical
plane: Disc L-4072 and Disc L-4075.

Introducing

TIONAL

TRADE-MARK

high-density platform disc—
Catalog No. L-4081

specially designed for testing of light oils and
other materials where minimum penetration
of the sample into the electrode is desired.

Disc L-4072— Used when large volume
of sample must be delivered
to point of excitation.

Disc L-4075 — Used when a large volume
of samrple is not required at
point of excitation.

All“National” spectroscopic electrodes
and powders —materials and finished
product— are tested by the cathode-
layer method, most sensitive known
in emission spectroscopy. There is no
measurable ash in these products.

Now! 40 standard pre-formed shapes, including
4 discs...designed to meet every spectroscopic need.

The term Mational" is a registered trade-mark of Union Carbide and Carbon Corporation
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NEWS

Miami Meeting Features Strong Analytical Program

ACS analytical program includes symposia on analysis in petroleum geochem-
istry and pesticide residues and honors to Miller and Yoe

STrONG techmican program at a world-renowned resort,

Miamni, is a major attraction for analysts at the 131st na-
tional meeting of e Avericax CrHeMIcAL Sociery to be
held April 7 to 12.

The progriun of 125 papers will include such bighlights ax
the Beekman Award Symposium honoring Ralph H. Miller,
the Fisher Award Syvmposiume honoring Johm . Yoe. o
svinposiunt on Analvtical Contributions to Rescareli in Petro-
leum Geoeliemistry, held jointly with the Divisionof Petroleum
Chemistry, and « symposium on Methods for Analy of
Pesticide Residues, held jointly with the Division of Agricul-
tural and Food Chemiztre. Another highlight will be the
divisional dinner which will feature Paul M. Gross, viee presi-
dent. Duke University, as speaker.  The final program of the
Division of Analvticnl Chemistry appears below. The com-
plete program for the 131st national ACS meeting appeaved
in the Februaey IN issue of Chemical and Engineering N ews.

PROGRAM
R. P. CHAPMAN, Chairman; WARREN W. BRANDT, Secretary

Monday Morning and Afternoon, April 8

BECKMAN AWARD SYMPOSIUM HONORING
RALPH H. MULLER
R. L. GARMAN, Presiding

9:00 1. [0 T Garvax. Introductory Remarks.
09:10 2. D, J. Fisigr axp M, T. K nstrumental
Methods of Derivative Polar

aphiy.

9130 3. Hawown HLSeweas, Simple \p[)n s Tor Con-
tinons Electrochromatography.

D50 ooVas Zaxor Winiaavs,  Infroed Spectrophotom-
cter for the Organie Chemist,

10:10 5. Crevest Jo Rovpex. Automatic Determination
ol Uraniuny in Process Sreams.

10:25 6. Greserr I KNiNNe axp RO ReENgarpt.
Operational Analogs for Kinetie Stdies.

10210 7. Sevvorr T Zexcnsessgy. Derivative Thermo-
metrie Titrations,

10:55 R

11:00 8 R Coarvax,  Introduction of Beekmnn Aweod
Medalist.

Ll 10 9. lacen B Meweer, (Beekman Award in Chemi-
el Instrinentation address). Adventures  in
In=trumentation.

1150 Discussion

2:00 10, Ceesieyt Cavesere axp Save Gogoox. Differ-
cntinl  Thermoanalyvtical  Technigues, Tnstru-

nentation and Applieations,

) Bexiany Carrorrn, Harono Bo Tooees,  aNp
I S0 Freesax, Rouy Method  for Photo-
clectrie Polarimetry.

2: 10 12, B S, Fresyay axo Bexiasviy Cagrovn, Mag-
netic Transmission=Type Continuously Recording
Teztut Thermobalance.

Monday Afternoon
GENERAL
R. P. CHAPMAN, Presiding

300 15, R.P.Coaevax. Introductory Remarks,
3:05 - L Po WL Conuyer, P B. Mosk axp R. 1L

2
t

Osnonx.  New  Differen wtometer  and

1= Application to Chromatography.

3:25- 15, PuiaeJ. Beving axo Eowarnp O Ovsox, Eleetro-
chemical  Behavior  of  Aromatic  N-Nitroso-
hydroxylamines.

3odh - 160 Francis o Craxgs Potentiometric Deterninge-
tion of Tetraphenyviborate with Silver Nitrate,

1205 17, Joseen GriexksrteiN axp Ravene HL i
Automatic Integrator for Coulometrice .

1:20 - 180 CoALGexai, MassSpeetrometrie Analysis of The
Methyl ssters of Tall Ofl F ity Aelds,

1400 190 Epwarp Lo Sotoxs. Automatic Cryoscopic De-
termination of Molecular Weights.

Tuesday Morning and Afternoon
FISHER AWARD SYMPOSIUM HONORING
JOHN H. YOE
R. T. HALL, Presiding

9:00 - 20. T, Hall, Introductory Remarks.

9:10-- 21, AL DL Mavyses axo Wo AL B MeBryos. Deter-
mination of Traces of Lead in Tgncons Minerals,

9:35 - 220 Janmes R Parsoxs. Permsclective  Membrane
Electrodes.  Theory and Analyticad Applications,

10:00-- 23, Maxwene Lo CLeerr axo Jons Ho Yor. Speciro-
photometric Method for Determiination of Sub-
microgram Amounts of Nickel in Human Blood.

10:25- 20 Rictiiarp M. Rusi. FREDERIGE  NELSON, AND
Kvrr A, Keavs,  Anion Exchange Studies of a
Number of Elements of Groups T IV, and V' in
HCTand HCORLHI Solutions

10:15- - 25, Bvererr C. Coasien axo Jons 1L Yor, Spectro-
photometric Determination of Boron in Plant
Tissue with Derivatives of Antheanifin and Chrys-

t1:05 Y

LTk 110== 24k J||u\1\~ B. Cruearener. John Howe Yoe, Teacher
and Investigator.

11:25 27, Jonx M. You. (Fisher Award in Analytieal
Chemistry Address). Colorimetrie Analysiz- with
Organic Reagents.

2:00--- 28, D. M. Roste axp R. L. Gres. Thermal Con-
duetivity Behavior and Tts Importance in Quanti-
tative Gas Chromatography.

2:20 - 29, EpGar L. Srer axp Joux H. You.  New Class

of  Organie Reagents for  Spectrophotometrie
Determination of Trace Amounts of Osmium.

Tuesday Afternoon

ki,

GENERAL
GORDON O. GUERRANT, Presiding
James (L STERNBERG.
tions in ,\‘pm-ly'nplmtunwlri('
component Systems,
Kmrave, D, Kapavy,
Dilferential Spectrophotometrie
Phth:alocyanine Blue Base.
Brrrox I Pease axn Max Bo Winniaus, Spee-
lmphulnnwlri(- Investigntion of  the  Analytical
2eagent  1-(2-Pyridylazo)-2-naphthol, PAN, and
[ts (! u|>|ul ( helate.
Tarr Y. Tomisars, Ruorn S
Priscinea A, Dewey.  Determination ol
lium in Biologieal Material.
R. B, Pexvaxp, 150 P Barrix, S0 Mizesina,
Brorisr Convaina Crrran, axo J. V. Quac-

Simplification of Caleula-
Analvsis of Multi-

awwb H. GarRIGAN.
Analysis  of

Hevearp, axp
Beryvl-

tiaNo.  Abzorption Speetra of (ulmlﬂllll Am-
ine Complexes  Containing  Some} Coordinated
Anions.

Hesry J. Hoexes, Jr., axp Ko G Sroxe, Bis-
(a-henzoinoximo -dioxomolyhdenum(V1)  as o
Weighing Form for Determination ol Molyb-
denum.
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4:30— 36. Guex A. ThomMes aND ELMER LEININGER.
Fluorometric Determination of o- and m-Hydroxy-
benzoie Acids in Mixtures.

4:45— 37. Lours SILVERMAN aND RacHEL L. SeErrz.  Deter-
mination of Microgram Amounts of Cobalt in
Sodium by 2- Nitroso-1-ns aphthol.

Wednesday Morning
SECTION A

SYMPOSIUM ON ANALYTICAL CONTRIBUTIONS TO
RESEARCH IN PETROLEUM GEOCHEMISTRY

(Joint with Division of Petroleum Chemistry)
NELSON P. STEVENS, Presiding

9:00— 38. NEgLsox P.SteEVENs.  Introductory Remarks

9:10 - 39. WriLsoN L. OrRr axp Joux R. Grapy. Quantita-
tive Determination of Chlorophyll Derivatives
in Marine Sediments.

9:30— 40. H. N. Dux~xing axo J. W. Moore.  Analytical
Methods and Geochemical Correlations of Por-
phyrin Resesrch.

9-55-- 41 Gowrpox W. Hobesox axp Brucr L. BAKER.
Vanadium, Nickel, and Porphyrins in the Thermal
(Geochemistry of Petroleum.

10:15-- 42, R. J. GraBowskL Spectrochemical Analysis of
Petroleum.

10:35— 43. 15 D. Evanz, G. S. Kenny, W. G. MEINSCHEIN,
axp B, 1. Bray. Separations of Saturated
Tvdrocarbons Iixtracted from Recent Marine
Sediments.

10:55— 4. M. C. Bre
Number Dis
nary Sediments.

11:15— 45. J. P. Fomrsmax axp J. M. Hunt. Analytical
Techniques in the Separation of Organic Matter
I'rom Rocks.

11:35— 46. G O. GuErrant. Ultramicromethod for Molec-
ular Weight Determination.

NeEMAN.  Studies of the Carbon
ution of n-Paraffing from Quater-

Wednesdavy Morning
SECTION B
GENERAL
JOHN H. YCOE, Presiding
9:00— 47, G. G. Loxe axp A. H. Grorr. Anodic Polarog-

9:15— 48.

s F. MiLLer. Polarographic Determination

of Lead in Sodium Acetate-Acetic Acid System.

9:30— 49, 1. RosextHAL, G J. Frisoxe axp R. J. LaCosrtE.
]’olmogmphlc Behavior of 1,1-Di-p-chlorophenyl-
1,2,2,2-tetrachloroethane.

9:50— 50. W. 8. Lyox. Method for Determination of
Neptunium-239 Counting Efficiency.

10:05-— 51. Arxo H. A. Hzyx axp Harmox L. Fixstox.
Separation of Magnesium from Sodium and

A Tracer Study.

ANE N. SuNpDERMAN AND W. WAYNE MEINKE.
Radiochemical Separations of Silver.

10:45— 53. 1. RicHARD NIGHTINGALE, Jr. Poised Oxidation
Reduction Systems. Quantitative Evaluation of
Redox Poising Capacity and Its Relation to the
Feasibility of Redox Titrations.

11:20-— 54. Avrax F. Crrrrorp. Prediction of Solubility
Product Constants.

10:30— 52.

11:40— 55. GreENN L. Boomax, Maxine C. Evuiorr, RoBERT
B. KimmBarn, Frep O. CarraN, anp James E.
REIN.  Determinavion of Free Acid in the Pres-
ence of Hydrolyzable Tons.

Wednesday Afternoon

SYMPOSIUM ON ANALYTICAL CONTRIBUTIONS TO
RESEARCH IN PETROLEUM GEOCHEMISTRY

(Joint with Division of Petroleum Chemistry)
NELSON P. STEVENS, Presiding

2:00— 56. Max Bromer. Removal of Elemental Sulfur from
Hydrocarbon Fractions.

2:15— 57. JonnN S. Bavn axp H. M. Syit.  Bureau of Mines
Crude Oil Analy s a Tool for Geological
Correlation.

30 A e+ ANALYTICAL CHEMISTRY

2::

[ov] (PR V)

2:-

GENEKAL
CHARLES N. REILLEY, Presiding

R. W. Scayip axp CHarces N. RemLLey.  New
Complexon for Titration of Calcium in the Pres-
ence of Magnesium.

D. M. West axp D. A, Skooc. Oxidation of
Some Organiec Compounds with Standard Solutions
of Qlunqu( valent Vanadium.

3. Fritz, WiLniam J. Laxe, axp ANy
Bystrorr. Complexometric Titrations
Using Azoxine Indicators.

Leo Levi. Loeation of Unsaturation in Terpenes
and Terpenoids by Tnfrared and Chemical Anal-
VSIS,

Fraxk E. Crrreurisnp axp James B. JoHNsoN.
Aliphatic Primary Amino Nitrogen Compounds.
Determination by Reaction With 2.4-Pentanc-
dione.

C. LFvaexe Bexxerr axp F. J. DEBBRECHT.
A Rapid Method for Organic Halogen Analysis.

A. J. Marrin. Potentiometric  Titration  of
Halide Mixtures.

ivisional Business Meeting for Members,
Divisional Dinner. Speaker. Patrn M. Gross,
Viee President, Duke Universitv.

Thursday Morning and Afternoon

SYMPOSIUM ON METHODS FOR ANALYSIS OF

PESTICIDE RESIDUES

(Joint with Division of Agricultural and

Food Chemistry)
LOUIS LYKKEN, Presiding

Lovis Lykkex. Introductory Remarks.

F. A. Guxrtier. Development and Status of
Modern Analytieal Methods for Pesticide Residues
in Crops and in Foods.

H. Harris. Analytical Method and Residue
Duta Requirements for Yederal Registration of
Pesticide Formulations.

J. A. Nooxe.  Residue Determinations, a Limit-
ing Fuactor in Pesticide Usage.

Vax Mipperey. Some Basic Principles
Involved in Obtaining Valid, Useful Pesticide
Residue Data.

Lotis Lykkex, L. I&. MrrcHeLn, axp S, N
WOOGERD. Impmtzmt Considerations in Collect-
ing and Preparing Samples for Residue Analysis.
J.AL Baxy.  Extraction and Cleanup Techniques
in R muluo Analysis

CarTER.  Determination of Organic Chlo-
rine ]((-six]ues Resulting from Insecticide Applica-
tions.

M. S, Scpecnrer.  Colorimetric Methods for the
Determination of Pesticide Residues.
Discussion

C. H. VAN MIDDELEM, Presiding

C. H. Vax MmperLey.  Introductory Remarks.

~-P.A.Guave. F ‘nzymatic Methods for Analysis of

O, g'umphosphm us Tnsecticides.

5. Dewry. Utility of Bioassay in Determina-
tion of Pesticide Residues.
G. E. Porrarp.  Application of Infrared Speetro-
photometry to Determination of Pesticide Resi-
dum

P. Burenvreno axn P. H. Scaunpr.  Applica-
tlons of Zincke Reaction to Analysis of Pesticides
Containing Active Halogen Atoms.
Discussion.
J. R. Laxg, D. K. GrrrstroM, axp J. . NEwELL,
Adaptation of Residue Methods to Include New
Vegetables or to Extend the Sensitivity Range.
Extension of Residue Methods for Maleie Hy-
dmzid(- and Alanap.
7, : S. ( Lav, J. C. Porrer, H. W.
Jouxsox, Jr., A, E. O Dl)\\hLL axp F. T. Werss.
Determination of Endrin in —\gn(‘ultural Products
md Animal Tissues.

G. Bowery axp F. E. Gurarie. TDE and
I'Indrin Residues on Tobacco. Tsolation and




e New-type energy source,
with virtually unlimited
life

e Simplified optical
system, designed for
extreme stability

e Full-size, X-Y type flat-
bed recorder — full curve
always in sight

® Desk-top size —only 307
long, 25” deep, 14" high

e Easily portable — weighs
less than 100 Ibs.

e Novel patented chopper
for elimination of
stray radiation

e Complete line of
accessories avatlable,
including liquid cells,

K Br pellet holder, mull
and plate holder,
minitmum-volume gas
cell, reflectance
attachment, beam-
condensing system,
multiple traversal gas
cell, and others.

An Infrared Spectrophotometer
any lab can afford —

any, technician can operate

The New Beckman /IR-6

Here, for the first time, is an accurate, dependable infrared
spectrophotometer priced and designed especially for the average
chemical or medical laboratory. Featuring simple, push-button
operation — simple enough even for inexperienced personnel — the IR-6
provides a level of performance equal to all but the most

demanding spectroscopic determinations — yet costs less than $5,000.

Chemists and medical analysts can now make IR determinations

a part of their routine service. And spectroscopists can increase

the value of their service too, through an increase in time available
for more complicated and demanding work.

For complete information, write direct to Beckman Instruments, Inc.,
Scientific Instruments Division, Fullerton, California.
Ask for Data File L-24-15.

Beckman-

Secientific Instruments Division
2500 Fullerton Road, Fullerton, California

a division of Beckman Instruments, Inc.

For further information, circle number 31 A on Readers’ Service Card, page 75 A
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2 NEW TOOLS FOR THE ANALYTICAL CHEMIST

The Beckman / GC-2 Gas Chromatograph —
for analysis of compounds boiling—— #
up to 300°C.

The new Beckman GC-2 Gas Chromatograph — with its expanded
temperature range — is easily the most advanced, most practical way to
utilize the promising technique of gas chromatography.

Temperature control settings on the GC-2 range from 40°C. to 225°C.,
allowing analysis of gases and liquids with boiling points up to 300°C.

Conduction heating keyed to proportional control gives rapid

response to temperature setting changes — thus the analyst can perform

more determinations on more different types of compounds per day

because there’s minimum delay while temperature stabilizes.

This rapid-response temperature control makes ‘“downtime” for column

interchange and regain of operating temperature, a matter of minutes. s
e Proportional temperature

Accuracy and stability, assured by such precise temperature control, control

are refined even further by internal flow regulation which

e 3 : . e Visual temperature control
eliminates disturbing pressure surges and by a sampling system

indicator
providing the utmost in reproducibility. Chromatograms produced e 7
by the GC-2 are presentations of sample composition that the e Liquid injection sampling
analyst can accept with the highest confidence. ;Zi;el‘:m";‘th"“‘ viscosity

Convenience is inherent because the GC-2 is a line-operated

instrument (110-V. A.C.) compact enough to fit a laboratory bench or © Liquid injection system with

reproducibility of better

desk and engineered for simplified operation. than 19,
To learn akout the Beckman GC-2 and the companion GC-1, an . Yacu“m'tight sampling valve
instrument expressly designed for routine analytical work in temperature or gases at any pressure

ranges up to 80°C., write for Data File L-19-15.

Be C k man / Scientific Instruments Division
2560 Fullerton Road, Fullerton, California
a division of Beckman Instruments, Inc.

Fo- further information, circle number 32 A on Readers’ Service Card, page 75 A
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| A vaﬁ;able new:f;)ol \1_\
/ for color matching and color a

N
The Beckm
Reflectance Recording Unit

Now the benefits of the Beckman DK Recording
Spectrophotometer can be combined with

the usefulness of reflectance measurement. The
combination of DK and Reflectance Unit

is much less expensive than instruments now being
used for this purpose — yet offers several

unique benefits. This reflectance modification

can be made easily on standard DK
Spectrophotometers now in use.

@ Can calculate total @ Measures fluorescence of
reflectance, specular liquids, solids, and
reflectance, and diffuse  powders
reflectance e Can be used in

o Can be used for analyzing turbid
Spectroradiometry samples for total

e Iixtends coverage to the transmittance
ultraviolet and o Easy to convert
near-infrared readings to tristimulus,

CIE, and other color
systems

For information about this unit, see your Beckman
Dealer, or write for Data File L-23-15

most imp(f;tant accessory ever |
loped for the famous DU Spectrophotometer

U Spectrophotometer

This new accessory greatly extends the usefulness
and convenience of the DU Spectrophotometer.
It not only eliminates the storage battery, but
also the dry cells used in both the DU and the
photomultiplier circuits. And it also provides

“a regulated voltage to operate the hydrogen
lamp for ultraviolet analyses. No other unit

on the market today is capable of performing

all these functions.

e Eliminates storage @ Saves space by
battery combining all elements
e No need for dry cell into one compact unit
replacement e Operates on 115-V. A.C,,

3 : e
Power supply is conveniently locatea 50/60 cycle current

behind DU. Operating controls For information about this unit, see your Beckman

are easily reached. on top of the unit. Dealer, or write /"or Data File L-25-15.

These three instruments introduced at the
Pittsburgh Conference, March 4-8, 1957.

Beckman: Scientific Instruments Division
2500 Fullerton Road, Fullerton, California

a division of Beckman Instruments, Inc.

Responsible new positions in engineering, manufacturing, technical marketing. Write for File 10.
For further information, circle numbers 33 A-1, 33 A-2, 33 A-3 on Readers’ Service Card, page 75 A
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Rineco Rotating
Vacuum-Type Evaporator

Speed evaporation of solvents of low volatil-
itv four or five times—rvarying with solvents.

Utilizes the
wading out of a thin film over large area

Adaptatle
principle of the sp

for volumes of 1 ml to 500 ml.

and subjecting to negitive pressure. Can be used in single
At 20°C,

Especizlly useful with biological extracts or

or multiple units. 30 ml of water will be evaporated
in 20 minutes.
heut-sensitive compour ds: will operate faster with increased
sts of a monel metal
Shaft

monel metal hous-

temperature. if sample permits. Cons

sheft with a § 19,38 jcint
‘eflon ring seals:

at lower end. rotates on

oilite bronze bearings: 7
inz. Use with standard pump and trap. or standard aspirator.
Flasks rotate at 93 r.par.

29474

Riveo Rotating Vacuum-Type Evaporator. with §

imodate small flasks. such as 50 ml;

3 joint to

with induction tyvpe motor: for 115 v.. 60 cycles. A.C.
euch - $114.50
39475 Rinco Evaporator. with brush-type motor. . $96.50
80320D— Adapter.**Pyrex” Brand. foradapting § 19 38 joint
of Rineo Evaporato- to larger flasks, having a § 24/40
DIt ARy e, S el AT e $1.83

New Rinco **Solvent Recovery Condenser™
sk

Valuable accessory to Rinco Evaporator. Connects to fla

of Rinco Evaporator with standard taper ground glass join

Rotates with evaporatiag flask. Recovers in excess of 75%

)

of solvent. Increases speed of evaporation 2 to 3 times.

Easy to cool with cold vaater or ice. Protects vacuum pump

and svstem from corrosive solvents,

39477 —Solvent Recovery
ml, with 5300 ml work ng capacity, § 21
_nints. (Other sizes avzilable on request) Fach. ..

1000

“10 ground glass

.$16.00

Condenser. standard size,

ALOE SCIENTIFIC

CIVISION OF A. S. ALOE COMPANY
5655 Kingsbury  « St. Louis 12, Mo.

DENVER e MINNEAPOLIS
NEW ORLEANS .

KANSAS CITY
ATLANTA .

Circle No. 34 A on Readers’ Service Card, page 75 A
ANALYTICAL CHEMISTRY

LCS ANGELES e SAN FRANCISCO « PHOENIX e SEATTLE
DALLAS
WASHINGTON. D. C

NEWS

Tdentification of TDIZ Residues in Cigarette
Smoke.
:20— 82. H. C. Austiy, JR., axp F. L. BoNnNER. Deter-

mination of Trace Quantities of Lindane in Poultry
Ti ssue.

| 4:35— 83 L. StaxLey, I. Rosextaar, axp C. F. Gorpox.
[ \Inmd( ‘termination of Rhothane (TDE, DDD)
i in Spray Residues.

4:50— Discussion.

120

40— 90. C.

S
00— 91.
320

=40

5— 88: J. H.

Thursday Afternoon

SECTION B

GENERAL
WARREN W. BRANDT, Presiding

ALLEN A. Duswart axp Warrex W. Braxor.
Determination of Fluoride Ton by Turbidimetric
Titration.

Lrox W. GaMBLE,

WiLniam H. Joxes.

Fluoride in Silica-Alumina

H_\‘(l!'nl\'

- 86. K. A. Kusrrz,  Determination of Traces of Iso-

ey m.m' in Urethane Bused Polymers.

Guoree A. Hurr axp Frep H. TiNGEY. Statis-

tically Designed Training and Testing Program

for an Analytical Control Laboratory.

KarcaMER axp Marjorie T. WALKER.
Modification of the Acetic Acid-Zine Reflux
Method for Determining Disulfides in Petroleum
Naphtha.

89, R. D. Scuwartz axp D. J. Brasseavx. Deter-
mination of Normal Paraffins in Olefin-Free
Petroleum ])Mlllduu by Molecular Sieve Sorption
and Refractometr

Evgene Bk

AFR 1, axD O.

by Gas Chromatog; raphy.

GrorGE Kyr s axp Ceciu IX. Boorn. Gas

Absorption Chromatography in the Analysis of

C'ool-Flame Combustion Products.

92. Joux L. DovrpHix axp Traoyas W.
Vapor Phase Chromatography in Air
Studies Column Evaluation.

- 93, Narnaniern. Bresxer. Modification of a Gas

Chromatography Instrument for Special Labora-

tory Problems.

Warter I, Price, axp
Rapid Determination of
Catalyst by Steam

eTT, S. DaLn
D. Lewis.

NoGarg, L. W.
Trace Analysis

STANLEY.
Pollution

Friday Morning

SECTION A

SYMPOSIUM ON METHODS FOR ANALYSIS OF

PESTICIDE RESIDUES

(Joint with Division of Agricultural and
Food Chemistry)

LOUIS LYKKEN, Presiding
9:00— 94. Lovis Lykk Introductory Remark
9:05— 95. G. R. Bovyp. Determination of Residues »f
0-2,4-Dichlorophenyl  0,0-Diethyl  Phosphoro-
| thioate (V-C 13 Nemacide) by Cholinesterase
Inhibition.
9:20— 96. L. Ii. PALMER aND E. Wirniams,  Analysis of
Thimet and Tts Met .ﬂmht('q
9:35— 97. C. H. VAN MippELEM AxD R. E. Warres. Pesti-
cide  Residues. Enzymatic De termination of
Systox in Collards, Lettuce, and Mustard by Use
of C h(rlun-stm.lw Inhibition Te(hmque
9:50-- 98. (. L. Dux~y.  Analytical Method for Determina-
tion of v anedithiol 8,S-Bis(0,0-Diethyl
Phosphoro-dithioate) (Hercules 528).
10:05- - 99.  P. A. Graxa axp M. 8. Scuecarer.  Colorimetric
Method for Iistimation of Guthion Present in
('ottonseed Residues.
10:20—100. R. P FIGGER.  Determination  of  Diazinon
| s
10:35—101. . B. Warrenvrst axp J. B. Jonxson. Deter-
mn} ation of CRAG DCU Residues in Crops and
Soi
10:50-—102.  J. R. Laxe.  Colorimetric Mierodetermination of
\])l'l gon .5,6-Tetrachlorobenzoquinone) Resi-
| dues on Food Crops.
For further information, circle number 35 A on Readers’ Service Card. page 75A ——>



IVJM’ Another exclusive feature for

DuPont Reagents

... New Safety Grip

® Less Bookkeeping

convenience and economy
of throw-away cartons

—safety of dripless bottle sleeves

No Deposits
No Returns

Less Storage

® Less Breakage
¢ Safer Handling
® Lower Freight
® Lighter Weight

& CO. (INC.)
MENT



Du Pont Reagents in new 5-pint bottles give you these advantages

1. New Bottle Grip and Dripless Sleeve Assure Safe, Easy Handling— A new
bottle grin that gives vou a slip-proof hold ¢n the bottle is the latest safety
feature vou'll find on Du Pont 5-pint Reagents Pottles. Coupled with the dripless
polvethylene bottle sleeve introduced by Du Pent, the new grip makes pouring
safer and easier,

2. No Deposit, 5ingle-Trip Cartons are More Compact, Lighter in Weight—The
¢le-trip bottles ard cartons greatly simplify the handling of Du Pont

new sing
Reagenta. This new packing

“ Fliminates paperwork on return of empty containers

15 (which may later be forfeited through breakage)
' Lowers freight costs

v Is lighter in weight

¢ Stacks better

¢ Requires no deposi

* Hlimirates storage of empties
3. Meet American Chemical Society Specifications . .. Du Pont Reagents are
produced in accordarce with exacting specttications which, in all cases, are cither
equal Lo o hetter than those required by the American Chemical Society.

4. Quality Control .. [lvery shipment of Ju Pont Reagents must conform to
specifications printed on each label.

5. Color Coded ... Each 'u Pont Reagent is identified by a different, distinetive
color. Labels and bottle caps match for adced safety.

6. Labels ... Labels are clearly printed with safe-handling precautions, first-aid
directions, and product svecifications. Labe s are treated for resistance to soiling
and leboratory fumes.

SPECIFICATIONS AS MAXIMUM

Reagent Sulfuric Acid

NO, 0.00005%
cl 0.00002%
As 0.000000%
NH 0.0001%
Fe 0.00002%
Residue on Ignition 0.0004 %
Heavy Metals (as Pb) 0.00008%
Substances Reducing KMnO, (as SO.) 0.0001%

L] 0.00005%
Pyridine Free
PO, 0.0000%
Heavy Metals (as Pb) 0.0001%
CO. 0.002%
Residue on Ignition 0.0003%
Sulfates (SO ) 0.0003%
Fe 0.00003%
Substances Reducing KMnO, (as SO-) 0.002%
Reagent Glacial Acetic Acid
Residue on Ignition 0.0008%
[el] 0.0000%
Sulfurous Acid (as SO.) 0.000%
Sulfates (SO,) 0.0000%
Fe 0.00002%
Heavy Metals (as Pb) 0.00005%

Substances Reducing KMnO
Dilution Test

Reagent Hydrochloric Acid

Free CI 0.0000%
Sulfites (SO.) 0.00008%
Sulfates (SO,) 0.00008%
Heavy Metals (as Pb) 0.0001%
Residue on Ignition 0.0004%
Fe 0.00001%
As 0.000001%
NH, 0.0003%
Reagent Nitric Acid*

Cl 0.00005%
Residue on Ignition 0.0004%
Heavy Metals (as Pb) 0.00002%
Sulfates (SO) 0.00008%
Fe 0.00002%
As 0.000000%

*Nitric Acid is currently available only in returnable containers

Reagent Ammonium Hydroxide

Passes A.C.S. Test
Passes A.C.S. Test

STANDARD PACKING AND WEIGHTS

SINGLE-TRIP RETURNABLE
DU PONT REAGENT 6 5-p. Bottles 24— 1b.Botfles | 10— Spt.Botles | 6Y2-gal. Carboy 13-gal. Carboy
Gross | Tare et Gross Tare | Net Gross Tare Net Gross Tare Net Gross. Tare | Net
S e | s | les. bs. | s | s s, | s | Ibs. Ibs. s | s Ibs. bs. | lbs.
Sulfuric Acid 74 | 20| 54 50 | 26 \ 24 140 | 50 | 90 138 | 40 | 98 262 | 67 (195
Ammonium Hydroxide 44 |1 20| 24 59 135 |24 90 | 50 | 40 88 40 | 48 163 | 67 | 96
Glacial Acetic Acid 50 ‘ 20| 30 59 | 35 | 24 100 | 50 | 50 97 l 40 | 57 180 | 67 (113
Hydrochloric Acid 56 20| 36 56 | 32 | 24 110 | 50 | 60 104 E 40 | 64 194 | 67 ‘127
Nitric Acid _ ‘ -] - 56 | 32 ‘ 24 126 | 56 | 70 115 i 40 | 75 219 | 69 “50

E. I. DU PONT DE NEMOURS & CO. (INC.)
GRASSELLI CHEMICALS DEPARTMENT
WILMINGTON 98, DELAWARE

QUPOND

REG J s PAT OFF

Better Things for Better Living

- - through Chemistry GRASSELLI SALES OFFICES

ATLANTA 8. GA.. 739 West Peachtree Street ® BIRMINGHAM 11, ALA., P. 0. Box 67, Powderly
Sta. ® BOSTON !0, MASS, 140 Federal Street ® CHARLOTTE 1, N. C., 427 West 4th Street ®
CHICAGO 32, ILL.. 4251 South Crawford Avenue ® CINCINNATI 2, OHIO, 603 Terrace Hilton
Blde. ® CLEVELAND 14, OHIO. 1321 Netional City Bank Bldg. ® DETROIT 35, MICHIGAN, 13000 West
7 Mile Road ® HOUSTON 25, TEXAS, 1100 E. Holcombe Blvd. ® MILWAUKEE 13, WISC.. 6500 West
State Street ® MINNEAPOLIS 2, MINN., 1207 Foshay Tower ® NEW HAVEN 13, CONN., 46 River
Street ® NEW YORK 1, N. Y., 350 Fifth Avenus ® WYNNEWCOD (PHILA.), PENNA., 308 East
Lancaster Avenue ® PITTSBURGH 19, PA., 1715 Grant Bldg. ® ST. LOUIS 5, MO., 10 South
Brentwood Bivd.. Clayton

On West Coast:

BRAUN-KNECHT-HEIMANN CO., 1400 16th Street, San Francisco 19, Calif., 650 West 8th South,
Salt Lake City, Utah ® BRAUN CORPORATION, 1363 South Bonnie Beach Place, Los Angeles 54,
Calif., 2930 West Osborne Road, Phoenix, Ariz. ® VAN WATERS & ROGERS, INC., 4000 First Avenue
South, Seattle 4, Wash., 3950 Northwest Yeon, Portland, Oregon, 801 N. Washington, Spokane,
Wash

IN CANADA—DU PONT COMPANY OF CANADA (1956) LIMITED, Box 660, Montreal. P. Q.. Canada.



NEWLY-DESIGNED POLARIMETER READING TO 0.0T°

assures ease in  manipulation and
hicher accuracy in making measure-
menlts because:

* Inclined observation telescope per-
mits readings [rom sitting position.

* Through observation telescope the
scales as well as the half-shade field
of view can be observed.

* Direct vernier readings can be made
to 0.01° and estimated to 0.005°.

* Moveable carrier holding two polr-
imeter tubes [acilitates procedure of
examinations.

* Coaxially-mounted coarse and fine
adjustment knobs and switch con-

MADE IN WEST GERMANY trolled by right hand resting on
table-top.
Interchangeable built-in sodium or mercury spectral bulbs furnish strictly monochromatic light con-
trolled by precision interference filters.
* Newly-designed, precision polarimeter tubes ensure the absence of strain, furthering assurance of true

measuring l"‘S”“S.
Free delatled lileralure sent upon reques!

«‘A\Rl‘ ZEISS. Ix‘ ‘o. 185 Fifth Ave.. New York I7. N. Y.

Cruaranteed uninterrupted repair service

For further information, circle number 37 A-1 on Readers’ Service Card, page 75 A

GLASS ABSORPTION CELLS

OF FINE QUALITY

wsde KLETT

Comp/ete E/ectrophoresis Apparatus
SCIENTIFIC APPARATUS

Klett-Summerson Photoelectric Colorimeters —

Calorimeters — Nephelometers — Fluorimeters MANUFACTURING C
TH S E

Bio-Calorimeters — Comparators — Glass Stand- 177 EAST 87
ards — Glass Cell - Klett Reagents K L ETT NEW YORK .

For further information, circle number 37 A-2 on Readers’ Service Card, page 75 A
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NEW .

LIGHT SCATTERING MEASUREMENTS
AT ELEVATED TEMPERATURES

NEW accessories for the BRICE-PHOENIX LIGHT SCATTER-
ING PHOTOMETER permit measurements to-be made on
polyethylene and similar materials that are solid at room tem-
perature.

INSTRUMENT MEASURES:

¢ Absclute Turbidity
* Dissymmetry
* Depolarization
* Molzcular Weight

Write for complete information

PHOENIX PRECISION INSTRUMENT CO.
3803-05 N. 5th St., Philadelphia 40, Pa., H.T. Dept.

Circle No. 38 A-1 on Readers’ Service Card, page 75A

|
Hig},yh torque! Gear head!
; HELLER

luborutory Stirrer

HELLER MODEL 67 STIRRER is specifically
designed for gerieral laboratory stirring
applications where accurate speed regu-
lation is essential. The gearhead, series
wound motor is controlled by a tapped
autotransformer which gives better
speed regulation without the energy
loss in heat common to a rheostat.
Motor develops 1/40 h.p. Torque: 1-2
inch pounds. Speeds: 100-1200 rpm in

Included:
stainless steel
propeller, shaff,

;mn:nr bracket. 11 discrete steps. Stirrer also serves as
%" chuck and shaker drive for Van Slyke apparatus,
arbor—3$6.75. separatory funnel extractions. Operates

Stand and clamp
not supplied.

on 115 volts, 60 cycles, single phase.

Model 69. Complete
with attachments

*36

Order from your laboratory supply dealer, or write—

GERALD K. HELLER CO.

1819, Industrial Road

Las Vegas Nevada

Las Vegas, Nevada

Circle No. 38 A-2 on Readers’ Service Card, page 75A
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10:

10:

10:

11:

11

:05—103.
:20—104.
:35—105.  J.

:00—106.

:15--107.

:30-—108.

:45—109.—R. B. HaenN anp P. T. JoserH.

:40—115. R.

R. J. Lacoste axp G. T. Myers. Colorimetric
Determination of Dithiocarbamate Residues.

J. E. NEwsLL, R. J. Mazaika, axp W. J. Cooxk.
Microdetermination of Phygon in Water.

R. Lane. Colorimetric Microdetermination
of Phygon (2,3-Dichloro-1,4-naphthaquinone) Res-
idues on Food Crops.

150 Discussion

SECTION B
GENERAL
JOHN MITCHELL, JR., Presiding

W. B. Chgess anp D. N. BErRNHART. Determina-
tion of Small Amounts of Pyrophosphate in
Disodium Phosphate.
EUGENE Sawickl AND ROBERT MILLER. Detec-
tion of Pyrene and Benzo(a)-pyrene in the Atmos-
phere.
\V H. Power, W. C. McCruGceacge, G. D.
NEeLsoN, aNDp J. H. Pay~E, JR. Separation of
Radium and Barium by Ion Exchange Elution.
Ultraviolet
Spectrophotometric Determination of Zirconium
[Fe ing Bromanilic Acid.
J. E. FaGeL, Jr., P. D. Zemany anp H. A. Lies-
HAFsKY. Tungsten or Molybdenum by X-Ray
Emission Spectrography.
MortoN ScHMALL AND E. G. WoLLisH. Deter-
mination of Panthenol and Pantothenates in
Multivitamin Preparations.
I. B. E1sporrER anD W. C. ELLENBOGEN. Sepa-
ration and Determination of Triiodothyronine,
Thyroxine, and Some Related Amino Acids Using
Circular PaPer Chromatography.
DEeanx J. VeEaL, Frang C. Haas, ano M. D.
GrmMes. New Colorimetric Method for Deter-
mination of Traces of Methanol in Ethylene.

00—110.

20—111.

40—112.

00—113.

:20—114.—L. S. Harrow, J. T. ButLERr, F. E. RESNIEK,

ANNE EsTEs, MARGARET B, anxp R. B. SELIG.
MAN. S ectrophotometric Determination of Total
Carbonyl Content Utilizing Integrated Absorbance
Measurements.

Bruiny axp F. A, GUNTHER. Simple
Determination of Ammonia with Cupric Carbon-
ate.

Friday Afternoon

2:
2:

N

(V]

W W N

:20—118.

:35—119.

:50—120.
:06—121.
120—122.

:35—123.

:50—124.

:05—125.

SYMPOSIUM ON METHODS FOR ANALYSIS OF
PESTICIDE RESIDUES

(Joint with Division of Agricultural and
Food Chemistry)

C. H. VAN MIDDELEM, Presiding

C. H. Vax MippELEM. Introductory Remarks.
J. H. BrumMBaUGH AND D. E. StaLLarp. Colori-
metric Method for Perchloroethylene. Deter-
mination of Residual Perchloroethylene in Fumi-
gated Wheat.

Study

00—116.
05—117.

D. E. StarLarp axp J. H. BRUMBAUGH.
of Residual Benzene in Wheat Following Fumiga-
tion.

R. H. CarTer. Method for Determination of
Ethylene Dibromide Residues in Fumigated
Madterials.
CaLviN MENZIE.
henol.

. D. Hiuron anp M. H. J. WEIDEN.
tion of the Analysis for Ovex on Apples.
J. R. Lang, D. K. GuLLsTRoM, AND J. E. NEWELL.
Determmamon of Duraset (I\ -Metatolyl Phthal-
amic Acid) Residues in Fruit Crops.

R. B. Brucg, J. W. Howarp, axp J. B. Zink.
Determination of Dlphenylamine Residues on
Apples.

F. A. GuNTHER, R. C. Brixy, M. J. KoLBEZEX,
C. W. Wison, anp R. A. CoNkIN. Ammonia,
Spectrophotometnc Techniques and Equipment
for Evaluating Conceutrations of Spectrally
Absorbmg Vapors in Dynamic S) stems.

C. AvusTtiN, JR., l<y BoxNER, AND E. A.
LPPS, JR. Spectrophotometnc Determination of
Arsenicals on Plant Material.

Determination of m-Dinitro-

Modifica-

120 Discussion.
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Wolfgang Kirsten of Sweden outlines some highlights in
his paper to Philip W. West, LSU symposium chairman

Outstanding foreign analysts on the LSU program included
Hermann Flaschka, Egypt; Clement Duval, France; Wolfgang
Schoniger, Switzerland

LSU Symposium Draws Record Attendance

H. W. Patton, Tennessee Eastman,
foresees excellent future for gas phase
chromatography

An attendance of more than 425 and a
strong technical program made the 10th
Annual Symposium on Modern Methods
of Analytical Chemistry one of the most
successful ever held. The meeting,
sponsored by Louisiana State Univer-
sity, January 28 to January 31, featured
lectures by world-famous analysts from
the United States and many foreign
nations.

The statement that the gas phase
chromatograph is the poor man's
mass spectrometer and the chemist’s
dream may not be too far from the
truth, according to Hugh Patton of
Tennessee Eastman.  He pointed to the
fact that within a year of the appear-
ance of the first commercial unit, eight
different instrument companies were
offering them for sale. Although gas
adsorption chromatography is much
more versatile, powerful, and reliable,
because of the large variety of par-
titioning liquids available and the sym-
metrical band shapes obtained, he em-
phasized that virtually any specific
vaporizable mixture can be separated by
GLPC if enough time and effort can be
applied to the problem. Looking to
the future, Patton foresaw two more ex-
tensive uses for gas chromatography:

large-scale purification of valuable ma-
terials and process control.

Complexones. Speaking of com-
plexones, Hermann Flaschka, Na-
tional Research Center of Egypt,
stated that there are at present avail-
able complexometric titrations for vir-
tually the entire periodic table, for
many organic materials, and even for
gases. The big problem now, he
said, lies in obtaining the requisite
selectivity. Manipulation of pH and
the use of masking agents have been
useful approaches in obtaining this se-
lectivity, but much more work remains
to be done. Flaschka presented a
mathematical treatment of the titration
reaction, which showed that calculation
of the stability constant of a given
complex should predicet its applicability
in a given titration. The predicted ap-
plicabilities are in close agreement with
experiment. The wuse of complex
chemical replacement reactions is not
limited  to  titrimetric  methods.
Flaschka illustrated this point with the
example of the polarographic determi-
nation of thorium, using Pb-EDTA as
the replacement complex.

Solvent Extraction. The impor-
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tant field of soivent oxtraction was
discussed by Harry Freiser, Univer-
sity of Pittsburgh, and George H.
Morrison, Sylvania Electric.  Freiser
noted the tremendous resurgence of
separation methods in the past 15
vears—homogeneous precipitation,
ion exchange, chromatographic sepa-
raticns, and sclvent extraction.  Sol-
vent  extraction, being  extremely
“clezn,” fast, and convenient, and
applicarie over a very wide concentra-
tion range. is an especialyy powerful
technigque. XNlorrison, in listing the
techniques available in solvent extrac-
tion, called soecial attention to  the
power of the “salting-cut™ approach,
which has been used with great success
in the extraction of uranium. This ap-
preach, whose potential Les been ‘argely
unrealized until recently, should be
applicable to all the actinides and to
many other elements. Morrison and
Freiser deseribed estractable species as
felling into two general types: ion-
association complexes and chelates.
Morrisor, speaking of the first type,
classified them in 15 groups depending
on the media involved 11 complex for-
mation (F~. Cl=, COOH~, ete.). He
stressed the great importance of the
proper choice of acid corcentration, sol-

vent and oxidation conditions for any
system.  Freiser, discussing the chelate
type, stated that the wider use of mixed
solvents and masking agents should
greatly extend the present scope of ana-
Ivtwal extractions. He also pointed
out that a great virtue of the chelates
was their high optical absorbancy, which
often allows a direct photometric deter-
mination (especially ultraviolet) of the
extracted material.

Automation. Howard V. Malm-
ste.dt, University of Illinois, described
Eow some or all of the manipulations
inaerent in the titration procedure
can  be performed automatically.
Automatic methods can provide a
zreat saving in time and often an in-
erease in precision and accuracy.
The general characteristics of existing
automatic titration systems and the spe-
cific features of a derivative control unit
were presented. It was shown that
most titrations can Dbe automatically
performed with a minimum of pre-
sitration  considerations by using a
second or third derivative control unit
in conjunction with potentiometric and
spectrophotometric end point detection
systems; other end point detection de-
vices can also be used in specific cases.

RTLETT
P SNOW

CLEVELAND 5 oo

Gas Fired Continuous
Rotary Dryer

Steam Heated Continuous
Rotary Dryer

Gas Fired Rotary
Continvous Combination
Calciner and Ceoler

RESEARCH AND PILOT PLANT EQUIPMENT
for DRYING and CALCINING

The gas fired continuous rotary dryer—pictured

above — i5 used for drying ores, chemical salts,
sand, clays, fertilizers and various other materials
that can be brought into direct contact with the

products of combustion. Inlet gas temperatures

Electrically Heated Rotary
Conlinvous Combination
Calciner and Cooler

Direct Fired Rotary Kiln

Steam Jacketed Batch Dryer
{with Rotary Sweep)

THE C. O. BARTLETT & SNOW CO.
CLEVELAND 5, OHIO

6210 HARVARD AVENUE =

Get full details. Write for Bulletin No. 117 today! :;:553?“ .
ouPmeny

to 900° F.; velocities up to 600 R.P.M. using
propane or other bottled gas. Approximately
24" wide; 5’6" long; 2'9"" high.
For either purchase or rental.

bty

For furtaer information, circle nuraber 40 A on Readers’ Service Card, page 75A
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Malmstadt said that “virtually all of the
known ‘visual indicator’ titrations can
be put on an automatic basis with a
simple attachment to the second deriva-
tive control unit, consisting of a tung-
sten light source, a series of filters, and
a barrier layer detector.”

Nonaqueous Polarography. Oklu-
homa A&M’s Paul Arthur described
the present status of nonaqueous
polarography. The circuit serves two
functions as shown by the equa-
tion: E applied = E effective + IR.
In conventional polarography, the IR
portion is usually negligible; in non-
aqueous work, however, it is usually
larger than E effective, since solution
resistances are of the order of megohms.
This condition causes great distortion of
the polarographic wave with conven-
tional equipment, rendering it useless for
analytical purposes. He described two
approaches to this situation. In the
first, the IR drop is compensated with
an equivalent voltage. In the second
approach (which Arthur developed), E
effective is measured separately by
using a second reference electrode. The
output of this circuit is fed to the chart
cireuit of a function plotter, while the
output of the conventional part of his
apparatus is fed to the pen circuit.
Arthur deseribed the application of non-
aqueous polarography to qualitative
and quantitative analysis of organic
compounds.

Acid-Base Titrations. Speaking of
acid-base titrations in nonaqueous sol-
vents, John Riddick, Commercial Sol-
vents, stated that they are accurate,
fast, inexpensive, and applicable to a
tremendous variety of materials.
Drawing from experiences in his own
laboratory, he showed their great util-
ity in following reactions and in proc-
ess control. Most physicochemical
and thermodynamic expressions of acid
strengths appearing in the literature are
too complicated and too restricted for
practical use, he said. However, he has
been able to develop certain rather
simple expressions which allow him to
relate acid strengths from one solvent to
another. For practical analytical pur-
poses, Riddick favors the Lewis concept
of acids, incorporating Bronsted’s theo-
ries. He listed six acid-base phenomena
which he has found most helpful in his
interpretation of reactions in non-
aqueous solvents: hydrogen and atomic
bonding, and resonance, electrostatic,
steric, and solvent effects.

Thermogravimetry. Clement Du-
val presented a general survey of re-
searches made during the past few
years with the thermobalance. He
outlined the chief methods of gravi-



C
€ \NSTRUMENT COMPANY, IN

sion Instruments
Monclacturers of Procite® New Yok 11. N Y

CAMBRIDG!

Pioneer

Grand Central Termine

Cambridge Surface Pyrometers are light
weight, portable instruments — accurate but
rugged — for measuring temperature of mold

cavities and flat surfaces, still or moving rolls,
and within-the-mass temperature of materials in
a plastic or semi-plastic state. Write for Bulletin
194-SA; 33 illustrations, many applications.

CAMBRIDGE INSTRUMENT CO., INC.

3514 Grand Central Terminal, New York 17

PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS
Circle No. 41 A-1 on Readers’ Service Card, page 75A
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HIGH-SPEED ANGLE CENTRIFUGE
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NYLAB

SCIENTIFIC INSTRUMENTS ez APPARATUS

Weighing
Funnel

For SPEEDY, PRECISE WEIGHING . . .
NO LOSS IN TRANSFERS—

Place material to be weighed in covered-front
and/or open-rear sectio Complete transfers
casy—rinse material directly through funnel tip
into receiver. Stable, flat base . . . lightweight.

gth (mm) | Price, dozen
40 9.00
65 10.50
100 13.50
Polyethylene

Wash Bostle

Delivers a DROP

ora STREAM
Does away with break-
age . .. mouthpieces . .
rubber  bulbs. With-
stands  flexing  indefi-
nitely. Durable and

convenient. Smaller sizes
used with short, straight
discharge tube are perfect

for washing of glass
clectrodes
Ca ) 1572 15721 15722 15723 15724
¢ 3 6 125 250 500
) 115 120 1.30 1.60 185

Discount of 10 Yo om ordars of dozen ur mere

Filter Bell (with redesigned SLIDE VALVE)

FOR NEW
CONVENIENCE
IN FILTRATIONS

Vacuum-tight closure as-
sured by soft rubber gasket
wcting against a glass bottom
plate . . . Any type funnel
or receiving vessel may be
used . . . Redesigned Slide
Valve permits applica-
tion or release of a
vacuum in the bell jar
while retaining the
vacuum in other parts of

the filtration em.
Minimum Inside Dimensions: Diam. 90 MM; Ht
at side 120 MM; Ht at center 150 MM.
Catalog No. 35070......... ..10.75 ea.

Write for NYLABS' comp . No. 7 on company

KEY 10 ALL “eee?

LABORATORY SUPPLIES

76 Varick Street, New York 13, N. Y.
Telephone: CAnal 6-6504
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ANALYST'S CALENDAR

8th Annual Pittsburgh Conferencs on Analytical Chemistry and Applied
Spectroscopy and Exposition of Modern Laboratory Equipment,
Ponn Sheraton Hotel, Pittsburgh, Pa. ANAL. REF.: Feb. 1957,
A and 51A

aocxet) for Applied Spectroscopv dmner xmetmg Hotel \e\\ Yorker,
\ Y. Henry Hemmendinger, Davidson and Hemmendinger,
Spe(trophotomutn( Cexllbrtmnn of the Dependence of Color on
C olor ant C ompom io

March 1957 Conference on High Speed Computers, Louisiana State University,
3aton Rouge, La.
5-8 ! &,
MGI’Ch 1957 Nuclear Congress and Atomic Exposition, Convention 1lall,
*hiladelphia, Pa.
1nm-15 e i
V Socxety for Apphed Spectroscopy dinner meeung Phlhd(]])hla College
MGI’Ch of Pharmacy and Science, ]’hl'hdel hia, Pa. Britton Chance, Uni-
P
19 versity of ]’Mnc\ Ivania, Spe(tmphntumetnr Studies of Enzymes in
meg Cells.”?
Socxety for Applied Spectroscopy dinner meeting, Hotel New Yoka
QPL Y. B H. Carroll, E-lStm{;.'l Kodak, “Photographic Process in
A Emission S Spectroscopy.’
Apr. ANAL.REF.: TFeb. 1957,

131st National Meeting, ACS, Miam/, Fla.
rage 29A.

Society for Applied Spectroscopy, dirner meetmg, Phlladelplna College
: of Pharmacy and Science, Philadelphia, Pa. Cyrus Feldman, Oak
16 2 Ridge National Laboratories, “l()CO Ways to Use a Spectrograph—
\ppllcatmnsn Atomic Energy

Svmposxum on Nondestructive Tests Developed in the Field of Nuclear
Energy, American Institute of Chemrdecal Engineers, American Nuclear
Sceiety, American Society for Testing Materials, Society for Non-
destructive Tes ting. Morrison Iotel, Chicago, TIl. Declassified
information on testing methods and techniques for reactor com-
ponents. Contect: J. 1. Swanson, Aircraft Nuclear Propulsion Dept.,
General Electrie Co., Cincinnati 15, Ohio.

Apr Twelith Annual Microchemical Symposm.m and Exhibition. Metro-
pr. politan Microchemical Society, American Museum of Natural His-
26 - 27 tory, New York, N. Y. General papers and round table session on

£ microdetermination  of halogens. Contact: Trik R. Hoffmann,
U 8. 22, Somerville, N. J.

Etkicon, Inc.,

Scientific Apparatus Makers Association, 39th Annual Meeting, Green-
brier Hotel, White Sulphur Springs, W. Va

Eighth Annual Spectroscopy Symposmm and Exhlblt American &«sw 1a-
tion of Spectrographers, Hotel LaSalle, Chlmgo IIl.  Contact:
Thci)dore H Zink, H. Cohn & Sons, 4528 West Division St., Chicago
51,111

48th Annual Meeting, American Oil Chemists’ Society, Roosevelt
Hotel, New Orlesns, La. Confact: Lucy R. Hawkins, Executive
Secretary, American Oil Chemists’ Society, 35 E. Wacker Drive,
Chiesgo 1, TI1.

May 13 to 15--12th Purdue Industrial Waste Conference, Purdue
University, Lafayette, Ind.

May 20 to 24"-5th ‘Meeting on Mass Spectrometry, ASTM Com-
mittee E-14, Commodore Hotel, New York, N. Y.

June 10 to 14-—-Symposium on Molecular Structure and bpectroscopy, The Ohio State
University, Columbus, Ohio.

June 13 to 15— 10th Summer Symposium, ACS Analytical Chemistry Division and
ANALYTICAL CHEMISTRY, Purdue University, Lafayette, Ind.

June 24 to 28—Congress on Modern Analyncal Chemistry in Industry, St.
University, Scotland.

July 10 to 17—4th General Assembly and International Congress, International Union of
Crystallography, McGill University, Montreal, Canada.

July 16 to 25—XIXth Conference and XVI Congress, International Union of Pure and
Applied Chemistry, Paris, France.

Sept. 8 to 13—132nd National Meeting, ACS, New York, N Y.

Sept. 11 to 13—Fourth Ottawa Symposium on Applied Spectroscopy. Canadian Associa-
tion for Applied Spectroscopy, Victoria Museum, Ottawa.

Oct. 14 to 16—Association of Official Agricultural Chemlsts Annual Meeting, Shoreham
Hoxel W ashmgmn D. C

Coming Events

Andrew’s
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metric analysis, new compounds dis-
covered with thermolysis curves, re-
actions in the solid state, new proce-
dures for gravimetry, construction of
families of isotherms, explanations of
some errors, and the use of thermogra-
vimetry in organic chemistry. He also
deseribed for the first time an infrared
procedure for imorganic identifications
for use on a single drop of solution.

A special cell made of thallium bromo-
iodide is used and a special range of 6 to
10 microns employed. Perkin Elmer
12C and double-beam spectrometers
equipped with rock salt prisms were
used in the studies reported. He listed
the chief anions encountered in inorganic
chemistry and gave the wave lengths of
the selected bands to be used for their
qualitative identification—bisulfate in
the presence of sulfate, persulfate, and
sulfate, etc. Then, he explained how
an experiment of catalysis may be fol-
lowed and how the existence of uranyl
ions may no longer be explained with
the formula UO,**.

Organic Microanalysis. A review
of the development of the organic
microanalysis—i.e., methods which
use 3 to 10 mg. of substance—was pre-
sented by Wolfgang Schéniger of
Sandoz, Ltd., Switzerland. He
pointed out that nearly all final deter-
minations are now done by volumetric
methods, and that only for the carbon
and hydrogen determinations is gravim-
ctry still in use.

A method for the simultaneous deter-
mination of carbon, hydrogen, and
nitrogen, which also allows working
without a weighed amount of substance
has been developed in his laboratory.
The substance is burned in an evacu-
ated system and the milligrams of car-
bon, hydrogen, and nitrogen are deter-
mined manometrically. Out of these
numbers the atomic ratios of carbon.
hydrogen, and nitrogen can be calcu-
lated in the usual way.

He also described a new method for
the determination of hydrogen and sul-
fur in organic compounds. The sub-
stance is burned in a conical flask in an
oxygen atmosphere. The combustion
products are absorbed and the final de-
termination of halogens and sulfur can
be done in the same flask. Highly halo-
genated compounds also will give good
results, and only liquids with a low boil-
ing point cannot be analyzed.

Organic  Elementary  Analysis.
Wolfgang Kirsten of Sweden dis-
cussed the determination of carbon,
hydrogen, nitrogen, sulfur, and halo-
gens in small amounts of organic ma-
terial. Combustion methods arc used
in all cases for the decomposition of
the samples, and the advantages and
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disadvantages of wet combustions,
combustions in tubes in a gas flow,
sealed tube combustions, and metal
bomb combustions were discussed with
regard to the species problem. The use-
fulness of the sodium phenate-hypochlo-
rite colorimetric reactions for the Kjel-
dahl  nitrogen  determination  was
stressed.  Sulfur is determined by com-
bustion and following hydrogenation.
Fractions of micrograms of sulfur can
thus be determined spectrophotometric-
ally in small or large samples of organic
as well as inorganic material in a very
short time.  Several spectrophotometric
methods for the determination of halides
were discussed.

Tor the determination of carbon, hy-
drogen, and nitrogen simultaneously in
one sample, a sealed-tube-combustion
and manometric-gas volumetric meas-
uring method was described and proce-
dures for the analyses of 0.1- to 0.2-mg.
samples were presented.

Summer Computer
Program

The special summer computer pro-
gram, being offered for the fifth time by
Wayne University, will consist of three
courses.

The first course, June 3 to 8, will be
an introduction to computers and their
applications; the second, June 10 to 15,
will cover data processing in business
and industry; and the third, Sept. 9 to
14, will be concerned with industrial and
management computer applications.

The third course will cover engineer-
ing, physical, and social sciences as well
as management problems.

Details are available from A. W.
Jacobson, Director, Computation Labo-
ratory, Wayne State University, De-
troit 2, Mich.

Spectrography Course at
Boston College

A special two-week intensive course
in modern industrial spectrography will
be given at Boston College, July 15 to
26. The course is designed for indus-
trial chemists and physicists interested
in the techniques of emission spectros-
copy as an analytical tool.

Details are available from James J.
Devlin, S.J., Physics Department, Bos-
ton College, Chestnut Hill 67, Mass.

New Spectroscopy Journal

Publication of a new ‘Journal of
Molecular Spectroscopy” will be ini-
tiated in May, Academic Press reports.

Editor is Harald Ohio
State University.

The journal will include original re-
search papers on such topics as: molec-
ular spectra in emission and absorption;
molecular spectra in the ultraviolet, the
visible, the near and far infrared, and
in the microwave region; and Raman
spectroscopy and radiofrequency spec-
troscopy (including nuclear magnetic
resonance spectroscopy); intensity
measurements and line width measure-
ments as well as interpretation of spec-
tra, molecular dynamics, and the elec-
tronic energies of molecules; and experi-
mental and theoretical aspects of mo-
lecular spectroscopy.

Volume I, to consist of 4 issues, will
be published in 1957. Subscriptions are
$10, payable to the publishers, Aca-
demic Press, Inc., 111 Fifth Ave., New
York 3, N. Y.

H. Nielsen,

Microchemistry Symposium
at ACS Fall Meeting
A Symposium on Microchemistry will

be part of the Division of Analytical
Chemistry program at the National

ACS Meeting to be held in New York,
Sept. 8 to 13. Included will be papers
on micromanipulation and organic quan-
titative analysis, as well as general
papers. Those wishing to present
papers are requested to submit titles,
author’s name and address, and pre-
liminary abstract by May 1. They may
be sent to K. B. Streeter, Merck-Sharp
and Dohme Research Laboratories, West
Point, Pa.

Ottawa Spectroscopy
Symposium

The Fourth Ottawa Symposium on
Applied Spectroscopy  will be held
Sept. 11 to 13 at the Victoria Museum,
Ottawa. Sponsor is the Canadian As-
sociation for Applied Spectroscopy.

Papers are invited on applied spee-
troscopy and related fields of instru-
mental analysis. Titles and brief ab-
stracts should be submitted to J. H. D.
Howarth, Canada Metal Co., Ltd., 721
Eastern Ave., Toronto, Ont., Canada,
by June 15.

Cap. ml.

NALGENE [iH]

unbreaka” le graduated cylinders

NALGENE again proves its superiority

in laboratory practice. Because they are light,
they are easier to handle. Because

they are NALGENE, they cannot break.

This completely new series of six graduates
is manufactured closely to glass graduate
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Octagonal bases prevent rolling.

They may be autoclaved

under standard conditions.

Ask your dealer for our new catalog E-956.
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NEW
BOOKS

Quantitative Chemical Analysis. [1th
edition revised. Robert Alerander
Chalmers, editor. xvi 4 540 nages.
Oliver and Boyd, Ltd., 39A Welbeck
St., W. I. London, England. 1956.
30s. net.

Released 8 vears after the publication
of the 10th edition of this book, the new
volume incorporates considerable re-
vised and added material. Major alter-
ations include the rewriting of the
section on colorimetry, the writing of a
brief account of the theory of precipita-
tion and contarmination of precipitates,
and the inclusion of a short and ele-
mentary account of some of the phvsico-
chemical methcds now used morz and
more often.

A new feature is the inclusion of short
lists of suggestec reading matter follow-
ing each of the eight parts. The entire
text has been revised and brought up to
date, providing a reference work for the
student of quantitative chemistry.

pH Measurements: Their Theory and
Practice.  Victor Gold. 125 pages.
Methuen & Co., Ltd., 36 Essex St.,
London, W. C. 2, England, 1956.
9s. 6d. net.

Starting at an elementary level. this
book describes the basic theory of pH
and leading experimental techniques,
both electrometric and optical, for its
measurement. It explains the correct
significance of pH measurements in
relation to ionization equilibria and
reaciion velocities in aqueous solution,
and points out the limitations o the
concept of pH.

The theory of proton transfer equilib-
ria =nd the theory of galvanic cells are
also explained in an effort to make this a
useful handbook for students and re-
search workers not basically trained in
chemistry.

Tables of numerical data for pH
determinations are included as appen-
dixes.

Elements of X-Ray Diffraction. 2. D.
Cullity. xiv - 514 pages. Addison-
Wesley Publishing Co., Inc., Reading,
Mass., 1956. $10.

The theory, experimental methods,
znd principal applications of ~-ray
diffraction, primerily for those who are
not familiar with the technique, are
cutlined in this volume. Although
the author, a metallurgist, has confined
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most applications to metals and alloys,
the principles are applicable to non-
metallic materials. Chapters are in-
cluded on chemical analysis by diffrac-
tion and fluorescence and the diffractom-
eter.

Quality Control and Applied Statistics
Abstracts Service. Vol. I, Issue 1.
Robert S. Titchen, Arnold J. Rosenthal,
Bruce Bollerman, and Frank Nistico,
editors. 37 abstracts, 79 pages.
Interscience Publishers, Inc., 250
Fifth Ave., New York 1, N. Y., 1956.
Subsecription: $60 per year. 12 issues
per year, approximately 1000 pages.

This new abstract service is intended
to bring together information on quality
control which currently appears in a
wide variety of journals. It reviews
new contributions appearing in approxi-
mately 400 journals in 1- to 2-page
abstracts which are printed in loose
leaf forms. Each is classified to facili-
tate subject filing.

ASTM Standards on Rubber Products
(with related information). Methods
of Testing Specifications. xiv +
746 pages. American Society for
Testing Materials, 1916 Race St.,
Philadelphia 3, Pa., 1956. $5.75.

This paper-bound volume gives every
ASTM standard pertaining to rubber
and related products compiled in latest
form. Methods of tests, specifications,
recommended procedures, and defini-
tions are included in this convenient
reference book.

Spectroscopy at Radio and Microwave
Frequencies. D. J. E. Ingram.
xii 4+ 332 pages. Philosophical Li-
brary, Inc., 15 East 40th St., New
York 16, N. Y., 1956. S15.

In view of the rapid development of
microwave and radiofrequency spectros-
copy and its increasing applications to
physics and chemistry, the author
undertakes in this book to give a general
review of this specialized branch of
spectroscopy. Although a thorough
knowledge of physics and electronics is
required for complete understanding of
spectroscopy at these frequencies, the
book is aimed at presenting a broad
outline for those not specializing in the
field, but interested in it as background.

Theory is explained, research carried
out thus far is summarized, and experi-
mental apparatus is described in detail.
Production and detection of microwaves
are discussed, as well as wave guide
techniques. Gaseous microwave spec-
troscopy, electron paramagnetic reso-

nance, and nuclear radiofrequency reso-
nance are all treated at some length.

The final chapter comprises various
applications of radiofrequency and
microwave spectroscopy to both those of
fundamental research and of a practical
nature.

Symposium on Imp g. ASTM

Special Technical Publication No.
176. 170 pages. American Society
for Testing Materials, 1916 Race
St., Philadelphia 3, Pa., 1956. $3.50

Technical papers on impact and shock
tests for parts, components, and com-
plete structures present latest theoret-
ical and practical developments in this
expanding field. Symposium report
also contains several additional papers
considered timely and appropriate to
the subject. Graphs, charts, photo-
graphs, and several bibliographies are
included.

Clinical Chemistry: Principles and Pro-
cedures. Joseph S. Annino. xxi +
280 pages. Medical Book Depart-
ment, Little, Brown and Co., Boston
5, Mass. 1956. $7.50.

Directed toward those concerned
with setting up and controlling methods
in the hospital chemistry laboratory,
this book provides fundamental in-
formation on laboratory techniques and
methods. In Part I, pertinent appa-
ratus and standard solutions are de-
seribed, and individual sections are
devoted to colorimetry and quantitative
analysis. The second part of the book
includes detailed methods of analysis
of carbon dioxide, chloride, sodium and
potassium, nitrogen, calcium, and phos-
phorus, as well as various biological
substances.

Instruments for the Study of Atmos-
pheric Pollution. 2nd edition, 8 pages.
Committee on Air Pollution Controls,
American Society of Mechanical Engi-
neers, New York 18, N. Y. Available
from: ASME Order Department, 29
West 39th St., New York 18, N. Y.,
1956. Paper $2.00.

Instruments, ranging from simple
filter papers to electrostatic precipitators
are among the hundreds of devices
useful in studying air pollution listed in
this second edition. Names and ad-
dresses of manufacturers are given.
Items covered include those for measur-
ing smoke density, collecting air
samples, analyzing foreign substances,
detecting irritating or dangerous gases,
and measuring and predicting weather
conditions.
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Crystallographic Data for the Calcium
Silicates. Sponsored by the Depart-
ment of Scientific and Industrial
Research, Building Research Station.
L. Heller and H. F. W. Taylor. vi
+ 79 pages. Her Majesty’s Station-
ery Office. Can be purchased from
York House, Kingsway, London, W.
(.2, England. 1956. 10s. 6d. ($1.89).

In view of the considerable amount of
recent research on the caleium silicates,
the authors have compiled ecrystallo-
graphic data for these compounds in
reference form for use in identification
and other purposes. This booklet com-
prises the optical and x-ray data includ-
ing observations not previously pub-
lished on most of the known calcium sili-
cates, both artificial and naturally-
occurring. The compounds are dis-
cussed singly, with uniform headings
under each describing composition, oc-
currence, synthesis, appearance, optical
properties, density, and unit-cell.

Kwalitatieve Chemische Analyse. C..J.
Van Nieuwenburg and J. W. L. Van
Ligten. 326 pages. 1. B. Centen’s
Uitgeversmaatschappij N.V., 1 e
Weteringplantsoen 9, Amsterdam-C.,
The Netherlands. 1956. Hfl 14.50.

This book is actually a laboratory
manual for the student of qualitative
chemical analysis. Following an intro-
ductory chapter which covers a general
background, definitions, apparatus, and
theory, the book goes into the reactions
of specific cations and anions. System-
atic analyses of these ions are de-
scribed, as well as other analytical
procedures.

Bibliography of Polarographic Literature
1922-1955. Edited by Clark L.
Schmitz and Edward F. Ewen. 192
pages. L. H. Sargent & Co.. 4647
West Foster Ave., Chicago 30, Ill.,
1956.  $5.00.

Here is an up-to-date bibliography of
written material in the field of polarog-
raphy which should prove to be of
value to analysts. The first 144 pages
comprise an alphabetical listing of
authors, together with complete titles of
each author’s work. Where abstracts of
papers arc available, references to them
are cited. Fach of the 6800 entries is
numbered, and this number is used in
the cross-indexing.

A 48-page subject index with 14,000
references follows the author listing,
referring again to the number designat-
ing each entry. Within this subject
index, helpful breakdowns on apparatus,
instrumentation, and specific types of
polarography are included.
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(every worth i that is!)

The Lab-Crest Stopcock is inert to all chemicals and solvents. For
the record, we know of two exceptions—molten alkali metals and
fluorine.

PROVED by 3 years of field testing, the Lab-Crest Stopcock does
not leak . . . never “freezes” . . . requires no lubrication . . . there
is no product contamination. At $4.90, it offers you the best
stopcock made.

Write for this new catalog which illustrates products
featuring the Lab-Crest Stopcock and includes
prices and specifications.

FISCHER & PORTER COMPANY

1537 County Line Road, Hatboro, Pa,.
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Among chemists, the morning coffee-break is a well-established custom. During
these informal symposia many worth-while data are exchanged. We should like
to sit in and tell you about some of our 1,000 plus MERCK LABORATORY CHEMICALS.

UNIVERSAL ORGANIC
SOLVENT

DIMETHYLFORMAMIDE MERCK, like
money. has unusually wide appeal. Its
low evaporation rate and ability to lure
complex organics into solution have
made it popular with all kinds of
chromatographers. Feed Chemists on
the other hand report Dimethylforma-
mide is frankly indispensable in the
determination of NiCarbazin, a new
type of drug used tc prevent coccidiosis
in poultry. Also, p-otein chemists are
intrigued—finding Dimethylformamide
with its high dielectric properties dandy
as a reaction solvent for amino acids.
In fact, if it’s organic and tough to
dissolve, reach for t-e Dimethylforma-
mide and watch your fingers, Doctor!
Skeptics should send for our technical
data sheet.

PULL-DOWN POWER

This is one for

the biology

boys. Trichloro-
acetic Acid’s major
claim to fame is its
ability to precipitate
protein. So if you
zre looking for
albumin in urine

cr non-protein

nitrogen in blood, here is a chemical
that will give you gobs of protein-
loaded precipitates or protein-free fil-
trates. Of course, if you have other
interests like wanting to decalcify your
mother-in-law, Trichloroacetic is good
for that too. For the ultimate in protein
pull-down power, just remember to
specify TRICHLOROACETIC ACID MERCK
REAGENT.

BLACK FAT

Every so often some histologist or
pathologist gets to wondering if the
tissue he’s looking at under his micro-
scope really contains fat. If doubt per-
sists, a small bit of tissue is dunked in a
solution of OsMIuM TETROXIDE MERCK
REAGENT and the fat comes up black.
This proves that the cells contain fat
and not some artifacts due to poor fix-
ing technic. Other familiar uses include
hydroxylating lonesome double bonds
and catalyzing certain oxidations with
ceric sulfate. (A well-known example is
speed-up of the balky reaction between
arsenious acid and ceric sulfate.) OSMIUM
TETROXIDE MERCK REAGENT is “the
most,” but keep its vapors out of eyes,

respiratory tract, and away from skin.
Otherwise—BLACK FAT!

SPECTROGRAPHERS’
DEGREASING AGENT

This use of Methylene Chloride Spectro
Grade will not make a hit with the
stockroom guardians but we mention it
solely for the romantically inclined,
realizing that speed is sometimes of the
essence. Of course, what really makes
this Merck reagent attractive to spec-
trographers is its superior transparency
at wavelengths below 270 mg. This key
advantage plus solvent properties that
parallel chloroform without phosgene
formation, and a b.p. (40°C) lower than
chloroform makes it obvious why more
and more of you are reaching for METH-
YLENE CHLORIDE MERCK SPECTRO
GRADE.

MERCK
LABORATORY
CHEMICALS
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the
ANALYST'S

column

L.T.Hallett, Editor

%LAX T. Twuomas, Brown-Forman
£ Distillers Corp., Louisville, Ky., has
developed a formula for approximating
the cost of operating a laboratory.
While Thomas’ concept is probably not
the whole or final answer, it is food for
thought for those concerned with eco-
nomics of analysis.

In this condensation, Thomas out-
lines his general cost approximation
formula; applications will be discussed
in a subsequent column.

Literature on variables affecting ef-
ficiency of laboratory operations is
sparse. Industrial Engineers and Cost
Controllers have contributed informa-
tion that might be useful in such an
analysis, e.g., the Gilbreths’ (2) concept
of “therbligs” or fundamental motions
and Tuttle’s (4) emphasis upon what he
calls “dynamic variable cost control”;
but the most powerful tool to apply to
such a problem is the operational ap-
proach as outlined by Ackoff (1).

This paper develops an operating cost
approximation formula of a general na-
ture to aid laboratory management.
It is presupposed that laboratory opera-
tions have been studied and standard
test methods developed so that time re-
quircments of each test are known.

A generalized cost approximation for-
mula must possess certain characteris-

ties to be of value: 1. the equation
must be dimensionally consistent; 2.
have as broad a range of application as

possible; 3. be simple to use; and 4.
obtainable data should be expressible
in the terms of the equation.

Although a number of relationships
might fulfill these eriteria to varving
degrees, the one that best satisfies all
four should involve time per unit of cf-
fort, cost per unit of time and the num-
ber units of effort. These can be com-
bined in the formula: €' = tne where
C is the cost of the test, ¢ is the time
requirement  per  determination, 7
is the number of determinations, and
the per unit time. It is
frequently unnecessary to break the
product {n into its components. In
actual comparison of two or more costs,
ratios can often be formed allowing
cancellation of common factors.
lach independent variable in  this
equation is a function of other variables.
These parameters may vary from labora-
tory to laboratory or under different
situations, but the basic formula is still
appliceble.  Estimates of parameters
are necessary to permit adequate evalua-
tion of test cost. Confidence limits can
be established on the cost estimate if
the possible errors in the parameter
estimates are known.

cost

[
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an entirely new type
*  flask heater with
unmatched versatility

Here's the greatly improved flask heater with inter-
changeable Monel mesh baskets that perfectly "nest"” your
flasks . . . and let you use several sizes in the same unit!
Radiates heat uniformly to lower half of flask . . . mini-
mizes “bumping.”” Easily replaceable heating element
eliminates time and use losses. No fabrics to become
shoddy, saturated, or worn. Heating chamber sealed to
contain accidental spillage . . . easily cleaned. TEMCO
Flask Heater is ruggedly built with stainless steel and
buffed aluminum double-case construction. Well-venti-
lated . . . perforated outer shell never too hot to handle . ..
table-top heat-protected attached support bracket. May
be used with control unit shown below, or with other makes
of controllers. Two models for all popular flask sizes:
$22.50 and $34.50.

Several different flask sizes
can be used in this unit.

New Controller for extremely fine control of flask heaters
Model 700 Temcometer power input controller of off-on” type

TgconsTER n ;
gt with completely stepless control and short time cycle. Permits excep-

tionally fine selection, close holding of desired temperature. Com-
pensates automatically for wide fluctuations in voltage. Ideal com-
panion unit for TEMCO Flask Heaters and other makes of heaters
and mantles. Price complete with power and connecting cords,

$20.85.

Quality is assured under the TEMCO label.

Write for complete data and name of nearest dealer.

THERMO ELECTRIC MANUFACTURING C€O.
478 HUFF ST., DUBUQUE, IOWA
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a new low cost infrared instrument for the organic chemical laboratory:

THE INFRACORD" DOUBLE BEAM
SPECTROPHOTOMETER

The new Infracord Spectrophotoraeter puts infrared
analysis and its advantages within the reach of every labora-
tory. The result of a 4-year development program by Perkin-
Elmer. the Infracord embodies the latest advances in opti-
cal, electronic, and mechanical design. A highly efficient
double beam optical null system, previously available in
only the most expensive spectrophotometers, provides the
speed. energy. short path length and rzsolution so necessary
for gooc qualitative and quantitative analysis.

Designed to meet the rapidly expanding use of infrared
and analytical techniques, the Infrecord is as simple to
operate as an analytical balance.

Rugged and corzpact, the Infracord as an everyday tool
for the chemist gives him a fast answer and a permanent
record of his work—at the bench. It handles the spectro-

scopist’s routine work. Write for coraplete information.
*T.M.

NOTE THESE FEATURES:

double beam measuring system

* atmospheric and solvent compensation
differential analysis

linear wavelength vs. transmittance recording
broad line of sampling accessories

single unit construction

requires only 120 volt, 60 cycle power source
2.5 to 15 microns in 12 minutes

instant wavelength reset

direct recording on notebook size paper
reproducible performance

PRICE: $3850.00 f.0.b. Norwalk, Connecticut
(in U. S. and Canada only)

INSTRUMENT DIVISION

Perkin-Elmer Coponation.

NORWALK, CONNECTICUT
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“Major variables affecting ¢ are
test method w« and the particular
analyst a.  The analyst’s time re-
quirement for correctly performing a
given test is determined by his skill
and effort. Methods of rating these
factors are given in time and motion
study textbooks (8).

The ¢ is a function of technician sal-
v, instrument depreciation, insurance
costs, maintenance costs, and miscella-
neous fixed and variable costs such as
administrative costs and prorated utili-
ties costs.  The composition and impor-
tance of the unit cost factor depend
largely upon the accounting system.

The number of test determinations is
a function of the production schedule,
the type of test, and sometimes the

METHANE
it
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model is that the investigator is forced

® Reproducible liquid (and gas) sampling accessory for intro-
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to formulate his problem clearly, define | ® Sample collection outlet accessory for collecting eluted pures
its scope and be sure that he has the | for reuse or identification by auxiliary methods such as infrared, Write for the new 16-page
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. ® More experience in Gas Chromatography. P-E's application including sampling features
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(2) Gilbreth, F. B, Gilbreth, L. M., | @nd advice on problems, different column materials.

llnmugﬂment and Admmzstralzon *U.S. Patent No. 2,757,541
8, 151 (1924).

(3) I(ml\, S. M., '\laynard, H: By
bt«bunerteu G. J., “Time and
Motion Study,” McGraw-Hill,
New York, (1940).

(4) fxlttl(. F. G., The Controller XXIV,

(l'Job)

Instrument Division

Perkin-Elmer ¢y

NORWALK, CONNECTICUT
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New N-M-R Spectrometer— 2 functions in one instrument

Varian's High Resolut or N-M-R Spectrometer
has experienced a grctifying world-wide
acceptance, and is dcily performing valuable
tasks for the chemist, physicist anc biologist.

To make Nuclear Magnetic Resonance

as breadly useful as possible, one often needs

to pursue other directions as well. In particuler,
the Wide-Line N-M-R cpproach is essential

for the analysis of solids . . . for example, polymers
in which the molecular environments of the
observed hydrogen nuclei are of fundamental
mportance to a full understanding.

Varian now offers a Dual-Purpose N-M-R
Spectrometer, irclud rg both Hich Resoluticn and
Wide-Line functions. So many components cre
sha-ed that the two-in-cne combination cosis but
20% more than a Hig~ Resolu-ion N-M-R
Specirometer system a'one ... a small prerium
for the added versatili-y.

Yarian Model V-4300-2 Dual Purpose N-M-R Spectrometer console.
Not shown: associated Super High Resolution 12-inch Magnet System.

9000 POC0OO0O000 G0 0000000 CO0000000000C00CROENNOOEEOEOGEOEOSINPOETDSTOTPOOTS

BETA PINENE GAIN =10

1\ TURPENTINE GAIN =70

ALPHA PINENE

IF YOU WOULD LIKE MORE INFORMATION
about N-M-R, write t5 he Instrument Division.

|18

PALO ALTO 4, CALIFORNIA
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Ixtensive analytical facilities as well as all the equipment necessary for the development and manufacture of semiconductor
devices are housed in Westinghouse's new Semiconductor Department

Harnessing Semiconductors
Requires Close Analytical Control

rl’m: cHEMICAL and metallurgical as-
pects of semiconductor manufacture
pose many analytical problems. Si
the emphasis is on purity, it is necessary
to employ very refined analytical
techniques, or to develop new ones when
none are available, in order to detect
and determine trace elements at the
parts per million (or less) level.

The new Semiconductor Department
of Westinghouse Electric Corp., recog-
nizing that quality control is essential in
manufacturing a good product, has
created the Analytical Control Labora-
tories for the purpose of safeguarding
quality from the chemical and metal-
lurgical standpoints.  These labora-
tories are part of the Statistical Control
Department, which also includes an
Experiment Design  and  Statistical
Analysis Section, a Computing and
Tabulating Laboratory, Quality Con-
trol Engincering, and a Product Test
and Inspection Section.

The plant, completely air conditioned
and humidity controlled, is located in
Youngwood, Pa., about 30 miles east of
Pittsburgh. Housed in its 165,000
square feet are extensive semiconductor
development and applications engineer-
ing laboratories as well as up-to-date

manufacturing facilities.  The adminis-
trative and engineering offices occupy a
two-story plant area.

The Analytical Control Laboratories
are divided into sections comprising:
analytical (wet) chemistry, emission
spectroscopy, x-ray diffraction, metal-
lurgy, and photography. The floor
area is 3,200 square feet.

Each laboratory features such items
as chemical hoods (where necessary),
shadowless lighting and service lines of
hot, cold, and deionized-distilled water,
racuum, gas, and compressed air.
The various laboratories are divided by
the use of removable partitions for easy
rearrangement.

»

For analysis of trace elements in silicon
and other materials at the parts per
billion level, it is necessary to remove all
contaminants from the reagents used.
Here, purification of one of the reagents
is carried out in a laboratory-made
polyethylene still. Quartz ware or
polyethylene has to be used through-
out the analysis, since high blanks
result from glassware

The Balphot metallograph is used in
many metallurgical studies of semi-
conductor materials. Here, the p — n
junction of a large silicon diode is
being examined. This laboratory also
includes equipment for sample prep-
aration, microphotography, and melt-
ing point determination of alloys

51A
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LABORATORY OF THE MONTH

Spectrophotometry and titrimetry are
employed for analysis of those ele-
ments that do not lend themselves
readily to emission spectroscopy. Here,
a chemist measures the absorption
of the colored complex of phosphorus
for its determination in silicon

4

In order to manufacture transistors
with the desired electrical charac-
teristics, nearly perfect single crystals
of germanium and silicon have to be
grown from a melt. X-ray diffraction
is used in the laboratory as a powerful
tool in the study of imperfections in
single crystals as well as to assist in
their orientation on a proper crystallo-
graphic plane prior to slicing

<

Many engineering and production problems of chemical and metallurgical nature occur in the manufacture of semiconductors.
Some of the instrumentction employed by the Analytical Control Laboratories to solve these problems is shown
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The laboratories employ IBM equipment for their record keeping as well as for
analyzing and tcbulating certain experimental results. The equipment is also
used for many other control purposes

Very complete facilities are available in the emission spectrographic laboratory.
A dual grating spectrograph is employed for trace analysis in many metals and
alloys. A recording microphotometer is used (left) for the measurement of the
spectral line intensities

The polarograph has proved to be very useful for the analysis of some alloys and

solutions. It is also employed in studying the electrochemistry of the rarer elements
like germanium, gallium, and indium

Yoo e bt B

® Prices are REDUCED on
mu. slit model!

the popular 35

® Test Tube Technic Saves Time!

.Saves Service Costs!

® No Electronics

Colemar

JUNIOR

DEPENDABILITY.  Here's where the
Coleman Spectrophotomerers surpass elec-
tronic instruments...day in, day our,

you DEPEND on your Coleman readings.
The Coleman JUNIOR is ideal, too, when
tests are made in the busy control labora-
tory NO CELLS, BATTERIES or
FILTERS!

ACCURACY. Yes, Coleman Spectrophotom-

cters equal or exceed DELIVERED ac-
curacy of units costing twice as much.
More ¢ TEN THOUSAND Coleman’s in
use!

FLAME ATTACHMENT...Ca, K
in body fluids...now proven in
CLINICAL installations!

Na
300

or
over

® WRITE FOR FREE COLEMAN CATALOG NO.
AN-3 and new low prices on the entire
Coleman line.

An AUTHORIZED, Coleman Distributor

LABORATORY SUPPLIES AND EQUIPMENT

WILKENS-ANDERSON (CO.

4525 W. DIVISION ST. CHICAGO 51, ILL.
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The new safe way to pack,
ship and handle H.0, (30%)

SAFETY,
SCREW CAP

Precision-thread alu-
minum with slitted
plastic safety valve
to release excess
pressure.

HYDROGEN

PEROXIDE
(H,0,)

UNBREAKABLE
CANISTER
Shlp it, drap it, flop
. . . it can’t break
or crack because it’s
aluminum.

in

ANALYSIS
ON LABEL

2. Each ““Certified’’
3 Reagent carries the
_&. actual lot analysis on
% the label.

SPUN
ALUMINUM
CONTAINERS

I RONG 0! AN
Hsm SCIENTIFIC 60{".

AT NO INCREASE
IN PRICES

A “gold mine” of
chemicals yours
for the asking

ACTUAL SIZE 370 pages listing 7.344
Chemicals for just about
all your laboratory needs.
“Certified,” Reagent and
Technical grades, deliv-
ered from stock.

Write for Chemical
Index 120C.

100 Fisher Building,
Pittsburgh 19, Pa.

Unbreakable, protected against pressure
blowouts, ICC-spproved without costly
packing—that’s the new and exclusive
aluminum container Fisher uses for its
H20. (309;) in Certified, Reagent and
Technical grades.

P.S. You'll find a 101
uses for empty can-
isters!

Aluminum packaging assures safer and
casier handling of the Hydrogen Perox-
ide and more stability for a longer period.

5% FISHER SCIENTIFIC

America's Largest Manu‘acturer-Distributor of Laboratory Appliances and Reagent Chemicals

Boston Buffalo Chicago Charleston, W. Va.
Cleveland Detroit New York Philadelphia
Pittsburgh St. Louis Washington Montreal = Toronto
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INSTRUMENTATION

by Ralph H.
Mller

[} 2 4 6 e 10 2 4 % L:] 20 22
MINUTES
Figure 1. Shandon flame chromatograph performs auto- Figure 2. Chromatogram of National Benzole mixture
matic analyses motor spirit: column charge 1.5 mg.; column temperature
101 °C

Vapor phase chromatography used to perform automatic analyses

2]
3
g 3
Sl )M months ago in reviewing the b =
monograph on  Gas Chromatog- & o @
raphy by Courtenay Phillips we had z =
occasion to refer to Scott’s hydrogen o 9
flame detector [Nature 176, 793 (1955) ). ped
In this class of differential detector used o
in gas chromatography, hydrogen is used )
x

as the mobile phase.  As described by
Phillips:

The exit gas from the column is burnt
at a small vertical jet, and a thermo-
couple junction is placed so as to be
slightly  above the normal hydrogen
flame. When an organic vapour is
present in the gas, the flame lengthens
and engulfs the thermojunction. The
output from the thermocouple is fed
through a suitable potentiometric net-
work to a recorder. The thermocouple
may be made of 32 5.W.G. iron and con-
stantan  wires, brazed together with =
silver-bronze Brazotectic (m.p. 875° C.)
leaving a globule of alloy at the junction

C, HYDROCARBONS

——— )

C7 HYDROCARBONS
TOLUENE

} C, HYDROCARBONS

ETHYL BENZENE

p ZYLENE

o XYLENE

about 1.5 mm. in diameter. The metal 2 P . F © 2 W - e a0 22 % 26 28
globule increases the thermal inertia of MINUTES

the couple and results in greater zero : X N
stability. The jet is made of Pyrex Figure 3. Lavender Oil: column charge 1.4 mg.; column temperature 176° C.
glass capillary and has a bore of about Constituents unidentified
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200:1 ratio
of maximum
to minimum
speed.

IF VISCOSITY
IS ONE OF YOUR
PRODUCT’S DIMENSIONS

Brookfield 8-speed Viscometer will
answer every measurement problem!/

Why not invest a zhree-cent stamp and see what we mean? Our illustrated
brochure shows you how the Brookfield 8-speed viscometer and spe- |
cialized accessories will answer every viscosity measurement problem you
may have. You'll see how this one, easily operated, portable instrument ‘
will provide precise measurement readings directly in centipoises. Even
in applications :nvolving extremes in viscosity, temperature or corrosion!

Complete information will be yours, too, about the
Brookfield Helipath Stand. With it, it's easy to test,
study and control highly-plastic materials, gels and |
semi-gels. It automatically lowers a Brookfield Viscom- |
eter equipped with a special bar-type spindle through a
helical path providing constant measurement of undis-
turbed material. Write for full information today.

WORLD’S STANDARD FOR VISCOSITY MEASUREMENT

Orookitield

ENGINEERING LABORATORIES INCORPORATED

STOUGHTON 112 , MASSACHUSETTS
Fer turthar information, circle number 56 A on Readers’ Service Card, page 75 A
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INSTRUMENTATION

o 2 4 6 8 10 12 ia
MINUTES

Figure 4. Limonene: column charge
0.4 mg.; column temperature 176° C.
Constituents unidentified

0.2 mm. The detector incorporates a
number of baffle plates which are essen-
tial to reduce the effects of draughts.
With high temperature columns it has
been found necessary to replace the iron
constantan thermocouple with one of
platinum/14 per cent rhodium platinum.
The theory of the detector is not yet
clear, but it depends upon the heat of
combustion and rate of burning of the
vapour. A linear relationship has been
found between peak area and weight of
a hydrocarbon vapour producing the
peak. The detector has a small volume,
is easily constructed, and is particularly
suitable for use with high temperature
columns. In its present form it will
easily detect down to about 4 micro-
grammes (ug) of a vapour.

We are happy to be informed that this
device, which one might be inclined to
rd as tricky or temperamental, has
been developed and improved to the
point where it forms the basis of an
important and highly reliable industrial
instrument. Through the courtesy of
H. Freedman, Shandon <(i0ntiﬁc (Ju
Ltd., 6 Cromwell Place, London, S.W.

MINUTES

Figure 5. Peppermint Qil (American);
column charge 1.4 mg.; column tem-
perature 176° C. Constituents: (1)
(2) (3) terpenes; (4) menthone; (5)
menthol; (6) menthyl acetate



INSTRUMENTATION

we are zble to describe some features of
the Shandon flame chromatograph, an

instrument for performing automatic
analyses by vapor phase chromatog-
raphy.

One example of the instrument, which
is in use at the laboratories of the
National Benzole Co., is shown in Figure

The heated chromatographic col-
umns are shown on the rack together
with  flowmeters and  control units.
Honeywell-Brown recorders of 1 mv.
span and pen-response time of 1 second
are used to record changes in the hydro-
gen flame detector. A chart speed of
about 0.5 inch per minute is used. A
unique sampling system is employed.
The sample is contained in a small glass
capillary which is held in a thin metal
dart.  This dart is placed in the sample
chamber, one end of which can be
sealed, the other end leading directly to
the column via a wide-bore stopcock.
After the sample is placed in the sample
chamber, the stopcock is then opened
and the metal dart is plunged by mag-
netic control into the column packin
whence the contents of the capillary
are instantaneously discharged. In-
stantaneous discharge and reproducible
samples are the major features of the
sampling system.

A typical motor fuel analysi

is illus-

trated in Figure 2, an elegant analysis
performed in less than a half hour.  Sim-

ilar results are obtained for mixtures
of aleohols and paraffins and for chlori-
nated hydrocarbons.

Figures 3, 4, and 5 show some typical
results with essential oils. It is said
that these chromatograms have caused
quite a stir in the ential oil field and
it may be that at last the skill .m(l ex-

perience of the “taste and smell” chem-
ist can be correlated with results ob-
tained by an analytical, chromato-

eraphic technique.

Analysts in this country will view this
fine achievement with great interest.
Although thermal conductance detee-
tion is preferred by the majority of
American chromatographers, it is by no
means certain that it is the best method.
Almost every physieal phenomenon has
been tried in the problem of detection;
thermal conductance is probably one of
the most convenient and simple.  Mod-
ern chromatography is practically a
British science; the example which we
have described briefly represents an out-
standing development and to continue
the tradition, the distinguished A. J. P.
Martin has greatly extended and im-
proved the gas-density balance prin-
ciple.  This mode of detection has also
been incorporated in a commercially
available instrument.  Martin delivered
a lecture on these general prineiples at
the Lisbon Congress, and publication
will be awaited by all analysts.

Applied Physic; Corporation/Pasadena

California

Radioactivity Measurements Made Faster,
Cheaper with Vibrating Reed Electrometer

Measurement of radioactivity in
radioisotope determination, reactor
control, air contamination studies, oil
well logging, and other problems in-
volving precise measurement of small
currents, voltages and charges, such
as precise pH determination and mass
spectrometry, can now be made
faster, simpler and cheaper by using
the Cary Model 31 Vibrating Reed
Electrometer.

Unusually high sensitivity plus
high zero stability and ease of instal-
lation and operation are responsible
for the greater speed and savings.
The Model 31 detects as little as 10-17
amperes, and measures up to 10-6
amperes with a precision of 1%. Zero
drift is less than 0.2 mV in 24 hours
and less than .02 mV per hour.

C14, H3 DETERMINATIONS SIMPLIFIED

One widespread application in
which the Model 31 has been of par-
ticular value is in determining C!4,
H3, and S35, Wilzbach and his co-
workers at Argonne National Labo-
ratory have developed procedures*
which simplify these determinations
in a wide variety of organic com-
pounds. Samples are converted di-
rectly to a gas suitable for measure-
ment with an ionization chamber and
the Model 31. This simple procedure
eliminates the necessity for use of a
precipitate, with its inaccuracy and
time-consuming, tedious pleparatlon

Since as little as 10-12 curies of
radioactivity can be detected, use of
expensive “tagged” materials can be
greatly reduced, often enough to re-
turn the cost of the instrument in a
relatively short time.

The Model 31 can be used in any
laboratory and does not require
costly, vibration-free mountings or
other &l conditions of installa-
tion or oper or «m itional in-
formation o : Mode write for

bulletin AC-23 today. L gives you de-
tails on applications, references, per-
formance, operating principle, speci-
fications, modifications, ¢ ries.

The Ca ro-
meter is 1s small

z in a high

CARY MODEL 36 VIBRATING REED AMPLIFIER
IMPROVES MASS SPECTROMETER PERFOI\MAN E

The Cary Vibrating Reed Amplifier,
Model 36, is being used in an increasing
number of mass spectrometer installa-
tions where high molecular weight anal-
yses make rapid scanning of mass num-
bers desirable. The Model 36 combines
rapid response with high sensitivity.
Response is critically damped, with an
0.1 sec. natural period (98.6 percent re-
sponse in 0.1 second). Thus a range of
100 mass numbers can be accurately
scanned in as little as one minute. Sen-
sitivity and range are such that as little

as 10-15 ampe
an be

1ei-

hxllty ur 0. it change of
range. The stability of + Model 36 is
\‘ll[)“l‘llrl too-zero drift i less than 10-15

> Model
spectrometer
me response Spe
such as isotope d.r.
tivity of the Model :
like the 36 it hs

n 5 x 10-17

31 is pre
applicat

amperes 7t

Cary instruments:

SPECTROPHOTOMETERS

VIBRATING REED AMPLIFIERS

RAMAN SPECTROPHOTOMETER
INFRARED ANALYZERS

ELECTROMETERS
ULTRAVIOLET ANALYZERS

APPLIED PHYSICS CORPORATION / 362 WEST COLORADO STREET / PASADENA 1 / CALIFORNIA

For further information, circle numbers 57 A-1,

57 A-2 on Readers’ Service Card, page 75 A
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) Tolerances within Federal
Specification DD-V-581a

Permanent red gradualionih -

Production of accurate, low cost Pipettes by a
combination of uniform bore tubing and a modern
calibration and marking method—envisioned and
urged by us for a long time— has become a reality
with the announcement by Corning Glass Works
of the new Pyrex brand ACCU-RED Pipettes.

These new Pipettes have an accuracy well within
the requirements of Federal Specification DD-V-
58la. Calibrating and marking by one operation
reduces the cost and results in savings up to 159.

They are made from accurate bore, uniform wall
tubing of Pyrex brand glass 7740 and are there-
fore chemically stable, corrosion resistant, and
unaffected by either hot air or steam pressure
sterilization.

Graduations and other markings are applied to
the glass in a new permanent red which becomes
part of the glass and remains sharply legible. Walls
are extra heavy, and the sturdy tips have smooth,
double bevels. A “sight line” behind each major
graduation wark permits rapid and accurate

PHILA., U.S.A
LABORATORY APPARATUS

More and more laboratories rely on Thomas

meniscus readings by minimizing errors caused
by parallax.

8161-D. Pipettes, Measuring (Mohr), Accu-red, Pyrex brand glass,
graduated between points above tip.

To deliver, ml.. . ..... 1 1 2 ) 10 25
Graduation

interval, ml......... 1/10 1/100 1/10 1/10 1/10 1/10
Tolerance, +ml..... 0.02 0.02 0.02 0.04 0.06 0.10
Baeh. von ven sweamas 1.03 1.14 1.16 1.16 1.34 1.81
Per original

*package of 18...... 16.69 18.47 18.79 18.79 21.71 29.32

8169-L. Pipettes, Serological, Accu-red, Pyrex brand glass, graduated
to extreme tip; with two bands at top indicating they are calibrated
for blowing out the last drop.

To deliver, mhecvvun.... 1 1 2 £ 10
Graduation

Trtervaliml. ool oeitloist sness 110 1/100 1/10 1/10 1/10
Tolerance, +ml. 0.02 0.02 0.02 0.04 0.06
EBach': ... consenesvsenss 1.08 1.23 1.26 1.26 1.49
Per original

*package of 18......... 17.50 19.93 20.41 2041 24.14

*May be assorted with items in Corning cotalogue LP-36 and supplements thereto
for maximum original package discounts.

ARTHUR H. THOMAS COMPANY

Laboratory Apparatus and Reagents

VINE ST. AT 3RD ¢ PHILADELPHIA, PA.
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Radiation— A
Potential Hazard

The dangers of radiation resulting from fall-out from atomie
weapons are generally recognized as a potential health hazard,
particularly to germinal tissues and thus to future generations.
There are, however, other more common sources of radiation,
such as use of x-rays and radioisotopes for medical purposes,
whose possible harmful effects are becoming a matter of some
concern.

Before the atomic age, the amount of radiation to which the
individual was exposed was limited generally to medical fields
and then in relatively small amounts.

The Scientific Committee on the Effects of Atomic Radiation
of the United Nations is releasing a report on the matter of medi-
cal use of x-rays. Preliminary information indicates that this
report shows that there are certain undesirable effects, particu-~
larly genetic, that the most important artificial source of radi-
ation is use of radiological methods of diagnosis, and that more
data are needed concerning the extent of exposure from this
source. i

This leads us to the observation that the steady increase in use
of research and testing equipment which incorporates x-ray and
radioisotope sources, presents potential hazards to analysts.

The extent of the increased analytical interest in nuclear fields,
including use of isotopes, instrumentation, power, and education,
will be covered in considerable detail at the summer symposium,
sponsored by the Division of Analytical Chemistry and ANALYTI-
cAL CHeMISTRY at Purdue University, Lafayette, Ind., June 13
to 15, 1957. The field is considered so important that the entire
symposium will be directed to the topic ‘“Nucleonics and Ana-
lytical Chemistry Ten Years After.”

We know from personal experience that analysts, while fully
cognizant of these hazards, sometimes grow careless. Other
workers in areas where such equipment is used, also tend tobe a
little careless. Because effects of radiation appear to be cumula-
tive, there is no room in the laboratory for laxity in using such
equipment.

It behooves those who are exposed to radiation in their work to
advise their doctors when medical and diagnostic use of x-rays
are indicated.

Radiation, whether from x-rays or radioisotope sources, is a
powerful tool. In the hands of those familiar not only with its
uses but also with its hazards, it can accomplish results not
obtainable by other means. In the hands of the careless or
indifferent worker, it is a lethal tool.
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Application of Gas-Liquid Chromatography

to Analysis of Liquid Petroleum Fractions

D. H. DESTY and B. H. F. WHYMAN

Research Station, Brifish Pefroleum Co., Lid., Sunbury-on-Thames, Middlesex, England

b Gas-liquid  chromatography has
many potential applications in the
separation and analysis of volatile
fractions from petroleum. In the work
described, the gas density balance
apparatus has been used to determine
the retention volumes of a large number
of hydrocarbons and some sulfur com-
pounds boiling in the range from 30°
to 150° C., using stationary phase
liquids of differing structural type.
Identification and estimation of minor
impurities in reference fuel iso-octane
and in a less pure iso-octane are de-
scribed.  Tentative identifications from
retention volume data are confirmed by
mass spectrometric examination of
concentraies of these impurities, ob-
tained by condensing the vopor con-
tained in selected portions of the
chromatograms. The analysis appears
to be the most complete reference fuel
analysis carried out to date, yielding
information not obtainable by distilla-
tion, infrared, or mass spectrometric
techniques.

THE CHROMATOGRAPHY of gases and
vapors, in which a moving gas
phase passes through a stationary col-
umn of sorbent, has great promise for
separation and analysis of volatile
mixtures. Although adsorption meth-
ods have been employed (I, 11,
22, 27-29), the partition technique,
originatly proposed by Martin and
Synge as early as 1941 (26) and subse-
quently developed by James and Martin
(18, 16, 17, 21) is much more versatile
and has received the greater attention
(8, 5, 11, 14, 15, 1880, 29-24, 26-30,
32). It has been applied to problems
in chemical kinetics (4) and to the ex-
amination of the thermal decomposition
products of polymers (7). The exten-
sion of the method to higher boiling
compounds, with operating tempera-
tures of 200° C. and above, has recently
been described (6, 8), and details of
new detectors have been given (12, 14,
18, 25, 81;.

In the analysis of volatile petroleum
mixtures the technique is especially
valuable because of its speed, accuracy,
high separaticn efficiency with small
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Figure 1. Capillary condensation trap

samples, and the comparative simplicity
of the apparatus required. The present
investigation is concerned with the de-
termination of retention volume data
for a number of hydrocarbons and sulfur
compounds boiling in the range from
30° to 150° C., using two stationary
phases. One of the phases, a high
boiling normal paraffin, separates sub-
stantially according to volatility only,
while with the other—a high molecular
weight aromatic—molecular type as well
as boiling point influence the separation.
The apparatus developed by James and
Martin, employing a gas density bal-
ance as detector (14, 18), has been used.
Similar retention volume data have
recently been reported by these authors
(20).

The technique and data described in
the first part of this work have been
used to analyze the minor impurities
present in two samples of reference fuel
iso-octane (2,2,4 - trimethylpentane).
These two samples originated in s pro-
gram set up by the Section on Reference
Fuel Analysis of Committee D 2,
ASTM, to determine the naturc of the
hydrocarbon impurities commonly pres-
ent in the fuel. One was the final certi-
fied product and the other an “impure”
sample taken at an intermediate point
in the manufacture of the first, which
was analyzed to increase the likelihood

'2,3,4-trimethylpentane.

of detection of typical impurities. The
samples were provided by the Phillips
Petroleum Co., Bartlesville, Okla. who
stated that impurities normally asso-
ciated with their iso-octane in its manu-
facture were 2,3-dimethylpentane, 2-
and 3-methylhexane, 2,4- and 2,5-
dimethylhexane, and 2,2,3-, 2,3,3- and
An examina-
tion of the samples carried out in the
laboratories of the Shell Development
Co., Emeryville, Calif., had shown the
impure sample to be 99.77 mole %, pure
by a eryoscopic calorimefric technique.
A combination of analytical distillation
and infrared spectroscopic techniques
revealed only an estimated 0.1 mole %
of 2,3-dimethylpentane. The certified
sample was 99.93 mole %, pure and no
impurities in it could be detected by
these techniques.

RETENTION YOLUMES OF HYDROCARBONS
AND SULFUR COMPOUNDS

Materials Employed. The volatile
hydrocarbons and sulfur compounds
employed in this work were available
a5 the result of syntheses carried out
over & number of years. The purity
of nearly all was above 99 mole 7.
A complete list of physical properties
is not given here, as only the boiling
points are significant in the determina-
tion and correlation of retention vol-
ume data described.

The two high molecular weight hydro-
carbons used as stationary phase liquids
were synthesized by conventional meth-
ods; the n-hexatriacontane by the
Wiirtz reaction fron n-octadecyl bro-
mide and the benzyldiphenyl by the
reaction of benzyl chloride with diphenyl
(10). It was necessary to use a mixture
of the ortho and para isomers of benzyl-
diphenyl because the melting point of
the pure para isomer, 85° C., 1s above
the operating temperature employed.

Kieselguhr, a compact diatomaceous
silica (Celite 545, Johns Manville
Corp.), was prepared for use as the sta-
tionary phase support according to the
procedure described by James and Mar-
tin (17). The eluent gas was an oxygen-
free grade of nitrogen containing less

_than 10 p.p.m. of oxygen.

Equipment and Procedure. The
apparatus used was essentially that
described recently by James and Mar-
tin (18). Some slight modifications were



made in the construction of the density
balance but these have no significant
effect on the performance of the detector.
When it is necessary to carry out a fur-
ther examination of the vapor contained
in a particular peak of the chromato-

gram, a capillary condensation trap
(Figure 1), immersed in liquid nitrogen,
ijs connected to the outlet of the density
balance. The stopcocks are lubricated
with the minimum quantity of silicone
grease and the sample is kept frozen in

the lower portion of the trap except
during transfer onto another column or
into the mass spectrometer.

Expeiimenta]. In carrying out this
investigation with compounds boiling
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in the range from 30° to 150° C., it
was found convenient to operate with
the apparatus at a temperature of
78.5° C. by refluxing ethyl alcohol in
the vapor jacket., This temperature
allowed the higher boiling compounds
to pass through in a reasonable time
(about 1.5 hours) without reducing
the retention volume of the most vola-
tile ones too much.

The relative retention velumes of 81
hydrocarbens and seven sulfur com-
pounds have been determined on both
hexatriacontane and benzyldiphenyl,
using n-pentane as the reference sub-
stance throughout. The results are
given in Table I. These values have
been found to be repeatable to better
than 1% on any particular column at a
fixed flow rate; for a range of flow rates
from 10 to 50 ml. per minute the varia-
tion is not greater than 2%. The op-
erating times represented by the relative
retention volumes given all fall between
1 and 90 minutes.

The efficiencies of the two columns
used in this work have been calculated
by the method given by James and
Martin (17).  The hexatriacontane col-
umn gives about 1200 plates (flow
rate, 50 ml. per minute) while the
benzyldiphenyl column gives about
320 plates (How rate, 40 ml. per minute).

DISCUSSION

The logarithms of the relative re-
tention volumes given in Table T have
been plotted in Figures 2 and 3 ws.
the number of carbon atoms in the
molecule. Each homologous series pro-
duces a straight line approximately
parallel to the others, showing that the
energy of interaction with the stationary
phase increases by a constant amount
for each CH, added. Where the addi-
tion creates a methyl group, as in the
case of the first step of the naphthene
series, the line for this first step diverges
from that for the remainder of the
series. Benzene appears to be anoma-
lous in this respect. At the lower
molecular weight end of the paraffin
series some divergences also appear—
e.g., neopentane in the 2,2-dimethyl
series—presumably because of some
symmetry factors.

Figures 4 and 5 are plots of the loga-
rithms of the relative retention volume
vs. the boiling points. With the =-
hexatriacontane coluran the separation
is substantially dependent only on vola-
tiiity, although a small type separation,
equivalent to about 8° to 9° C. in
boiling point, separates the aromatics
and naphthenes from the paraffins.
With the benzyldiphenyl column the
separation is much more pronounced,
the aromatics being separated from the
paraffins by an amount equivalent
to nearly 40° C.

The three chromatograms shown in
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Table 1.  Relative Retention Volumes of Hydrocarbons and Sulfur Compounds
(Operating temperature, 78.5° C.; n-pentane = 1)
Stationary Phase
Boiling n-Hexatriacontane  Benzyldiphenyl
rt., ° C. Logwe Logw
No. (760 mm.) Compound R.aov. rrv. Ruarwv. v,
PARAFFINS
1 — 11.73 Isobutane 0.29 -0.538 e
2 — 0.50 n-Butane 0.39 —0.409 co. .
3 + 9.50 Neopentane 0.4¢4 —0.356 c S
4 27 .85 Isopentane 0.77 —0.113 0.76 —0.119
5 36.07 n-Pentane 1.00 0 1.00 0
6 49.74 2,2-Dimethylbutane 1.34 +0.127 1.26 +-0.100
7 57.99 2,3-Dimethylbutane 1.83 0.263 1.74 0.241
8 60.27 2-Methylpentane 1.83 0.263 1.79 0.253
9 63.28 3-Methylpentane 2.12 0.326 2.05 0.312
10 68.74 n-Hexane 2.42 0.384 2.31 0.364
11 79.20 2,2-Dimethylpentane 3.00 0.477 2.57 0.410
12 80.50 2,4-Dimethylpentane 3.08 0.489 2.63 0.420
13 80.88 2,2,3-Trimethylbutane 3.49 0.543 2.94 0.468
14 86.06 3,3-Dimethylpentane 4.13 0.616 3.84 0.584
15 89.78 2,3-Dimethylpentane 4.55 0.658 4.03 0.605
16 90.05 2-Methylhexane 4.27 0.630 3.74 0.573
17 91.85 3-Methylhexane 4.68 0.670 4.14 0.617
18 93.48 3-Ethylpentane 5.18 0.714 4.63 0.666
19 98.43 n-Heptane 5.73 0.758 5.26 0.721
20 99.24 2,2 4-Trimethylpentane 5.28 0.723 4.26 0.629
21 106.84 2.2-Dimethylhexane 6.57 0.818 5.49 0.740
22 109.10 2,5-Dimethylhexane 7.13 0.853 5.94 0.774
23 109.43 2,4-Dimethylhexane 7.45 0.872 6.23 0.795
24 109.84 2,2,3-Trimethylpentane 8.10 0.909 6.89 0.838
25 111.97 3,3-Dimethylhexane 8.49 0.929 7.17 0.856
26 113 .47 2,3,4-Trimethylpentane 9.21 0.964 8.03 0.905
27 114.76 2,3,3-Trimethylpentane 10.00 1.000 871 0.940
28 115.61 2,3-Dimethylhexane 9.63 0.984 8.51 °0.930
29 115.65 2-Methyl-3-ethylpentane 9.84 0.993 8.83 0.946
30 117.65 2-Methylheptane 9.83 0.993 8.54 0.932
31 117.71 4-Methylheptane -+ 10.12 1.005 8.83 0.946
32 117.73 3,4-Dimethylhexane 10.73 1.030 9.67 0.985
33 118 26 3-Methyl-3-ethylpentane 11.33 1.054 10.09 1.004
34 118.53 3-Ethylhexane 10.69 1.029 9.66 0.985
35 118.93 3-Methylheptane 10.58 1.025 8.54 0.932
36 125.67 n-QOctane 13.42 1.128 12.00 1.079
37 150.80 n-Nonane 30.96 1.491 27.14 1.434
38 174.12 n-Decane BN 61.20 1.787
AroMaTICS
39 80.10 Benzene 4.19 0.622 10.77 1.032
40 110.63 Toluene 10.50 1.021 25.46 1.406
41 136.19 Ethylbenzene 21.97 1.342 53.97 1.732
42 138.35 p-Xylene 26.02 1.416 57.78 1.762
43 139.10 m-Xylene 25.72 1.410 55.63 1.745
44 144.41 o-Xylene 30.72 1.487 73.19 1.864
CYCLOPENTANES
45 49.26 Cyclopentane 1.90 0.279 2.54 0.405
46 71.81 Methyleyclopentane 3.25 0.512 3.74 0.573
47 87.85 1,1-Dimethyleyclopentane 4.77 0.679 5.00 0.699
48 90.77 e¢2s-1,3-dimethyleyclopentane 5.18 0.714 5.66 0.753
49 91.87 trans-1,2-dimethyleyclopentane 5.49 0.740 5.71 0.757
50 99,53 ¢78-1,2-dimethylcyclopentane 7.25 0.860 8.03 0.905
b1 103.47 Ethyleyclopentane 8.18 0.913 9.31 0.969
52 105.05 1,1,3-Trimethylcyclopentane 10.39 1.017 10.43 1.018
53 109.40 1,2,4-Trimethyleycloperntane 8.53 0.931 8.03 0.903

(low boiling isomer)

Figure 6 illustrate these separations.
Chromatogram 1 is that of a 14-com-
ponent synthetic mixture of Cs to Cg
hydrocarbons, including paraffins, naph-
thenes, and aromatics, on n-hexatri-
acontane as stationary phase. Three
pairs of peaks have similar retention
volumes:

3-methylhexane and 3-ethylpentane;

2,3 - dimethylbutane and cyclopen-
tane;

2,2,3-trimethylpentane and toluene.

To improve the resolution of the first
pair it would be necessary to increase
the length of the column, as the separa-
tion of the paraffins is similar on both
stationary phases. The second pair, a
paraflin and naphthene, overlap com-
pletely, the type separation exactly
compensating for the difference in
volatility. Chromatogram 2 shows that
these two hydrocarbons can be almost



Table I.  Relative Retention Volumes of Hydrocarbons and Sulfur Compounds
{Continued)
(Operating temperature, 78.5° C.; n-pentane = 1)
Stationary Phase
Boilin, n-Hexatriacone  Bengyldiphenyl
Pt., ° l% Log Logio
No. (760'mm.) Compound Rur.v. LIV, R.r.v. I.L.V.
CycLOPENTANES, (Continued)
54 116.95 1,2,4-Trimethyleyelopentane 11.37 1.056 11.32 1.054
(high boiling isomer)
55 121.50 1-Methyl-1-ethylcyclopentane 13.61 1.134 14.93 1.174
56 126.95 Isopropyleyclopentane 16.20 1.210 17.14 1.234
57 130.95 n-Propyleyclopentane - 18.43. 1.266 20.49 1.312
CYCLOHEXANES
58 80.74 Cyclohexane 4.50 0.653 5.54 0.744
59 100.94 Methyleyclohexane 7.77 0.890 8.46 0.927
60 119.54 1,1-Dimethylcyclohexane 13.05 1.115 13.46 1.129
61 120.10 ¢28-1,3-dimethyleyclohexane 12.95 1.112 12.80 1.107
62 131.78 Ethyleyelohexane 19.61 1.293 21.46 1.331
Oruer Saruratep CycLics
63 118.9  Cycloheptane 14.00 1.146 18.09 1.257
64 151 Cyclo-octane 38.72 1.588 51.43 1.711
65 108 Norbornylane 9.45 0.975 13.55 1.132
66 132 trans-(3,3,0)-bicyclo-octane 24.53 1.389 38.13 1.581
67 135 cis-(3,3,0)-bicyclo-octane 24.39 1.387 36.41 1.561
QLEFINS
Alkenes
68  31.16 2-Methyl-1-butene 0.91 —-0.041 1.25 0.097
69 38.57 2-Methyl-2-butene 1.16 +0.085 1.565 0.190
70 56.30 cis-4-methyl-2-pentene 1.6 0.225 2.06 0.314
71 58.55 irans-4-methyl-2-pentene 1.73 0.238 1.97 0.295
72 63.49 1-Hexene 2.13 0.328 2.73 0.426
73 72.5 4,4-Dimethyl-1-pentene 2.59 0.413 2.61 0.417
74 101.44 2,4,4-Trimethyl-1-pentene 6.09 0.785 6.23 0.795
75 104.91 2,4,4-Trimethyl-2-pentene 6.34 0.802 7.33 0.865
7% 121.28 1-Octene 11.70 1.068 13.40 1.127
Cyelie Olefins
77 82.98 Cyeclohexene 5.03 0.702 7.83 0.894
78 115 Cycloheptene 12.41 1.094 19.12 1.281
Cyeclic Diolefina
79 41 Cyclopentadiene 1.32 0.121 3.17 0.501
80 70 Methylcyclopentadiene 3.20 0.505 7.09 0.851
81 81 Cyeclohexadiene 4.27 0.630 10.02 1.009
Surrur CoMPOUNDS
Alkane Sulfides
82 37.28 2-Thiapropane 1.14 0.057 3.38 0.529
83 92.06 3-Thiapentane 5.22 0.718 13.81 1.140
84 118.50 3-Thiahexane 11.67 1.087 29.13 1.464
Cyelic Sulfides
85 121.45 Thiacyclopentane 13.33 1.125 50.59 1.704
86 133.23 2-Methylthiacyclopentane 18.85 1.275 61.19 1.787
Thiophenes .
87 84.10 Thiophene 4.58 0.661 15.06 1.178
88 115.44 3-Methylthiophene 10.04 1.001 35.28 1.548

completely separated on benzyldiphenyl.
Chromatogram 3 shows that the last
pair, a paraffin and aromatic, have a
much larger separation on benzyldi-
phenyl than on n-hexatriacontane.

By plotting the relative retention
volumes for the two stationary phases
against each other, lines radiating from
the origin are obtained (one for each
homologous series). The slopes of these
lines are dependent on the relative

interactions of each series with the two
stationary phases. Radial areas on

© this diagram may then be allocated

to the various types of hydrocarbon
structure. .

A disadvantage of this plot is that
points are spaced along the lines in a
distribution logarithmic to molecular
weight, and thus tend to be crowded
into the bottom left hand corner. By
plotting the logarithms of the relative

retention volumes against each other,
a corresponding series of approximately
parallel lines is obtained, with points
spaced linearly with molecular weight.
This is shown in Figure 7 for all the data
given in Table I. By plotting the re-
tention volume data for an unknown
hydrocarbon on the two stationary
phases an approximate value for its
molecular weight can be obtained and
its structure defined broadly as paraf-
finic, naphthenic, aromatie, or the like.
In some favorable cases it is possible
to identify an unknown unambiguously
as a single hydrocarbon.

" There is s difficulty in the practical
application of this dual stationary phase
technique to mixtures containing more
than a few well-resolved components,
in that it is difficult to pair correspond-
ing peaks on the two chromatograms.
This difficulty has often been overcome
by condensing the vapor in particular
peaks of the chromatogram using a
n-hexatriacontane column and running
these condensed peaks individually
on the benzyldiphenyl column. By a
similar technique it has been possible to
to examine the hydrocarbons in indi-
vidual peaks in the mass spectrometer
and thus confirm a tentative identifica-
tion based on the retention volume
data.

The method described by James and
Martin (17) for calculating the separa-
tion efficiency of a gas-liquid partition
column gives very high figures for the
number of theoretical plates but it seems
doubtful whether these figures have any
real significance as compared with the
theoretical plate efficiency obtained for
fractionating columns., It is difficult
to make a direct comparison, because
even with n-hexatriacontane there is a
small type separation. The 4-foot n-
hexatriacontane column with a nomi-
nal efficiency of about 1200 theoretical
plates gives only a poor resolution be-
tween 2,4- and 2,5-dimethylhexane
(boiling 0.33° C. apart), while a com-
parable partial separation is accom-
plished with a 200-plate fractionating
column. The method, however, does
enable various partition columns to be
compared. The benzyldiphenyl col-
umn has about one fourth the efficiency
of the n-hexatriacontane column, pre-
sumably because of the higher viscosity
of the former hydrocarbon.

ANALYSIS OF ISO-OCTANE FUEL SAMPLES

From a preliminary examination of
the two iso-octane fuels it was obvious
that it would be necessary to use a
large sample with considerable over-
loading of the columns before the
chromatogram would show the small
amounts of impurities. In spite of the -
overloading, however, it was soon ap-
parent that the impure sample con-
tained a group of impurities boiling
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Figure 6. Chromatograms of
hydrocarbon mixtures

1. Cs to Cg hydrocarbon mixture on n-hexatri-
acontane column
Pressure, 610 mm. Hg; flow, 45 ml/min.;
jacket temperature, 78.5° C.
2. 2,3-Dimethyib and cyclop
benzyldiphenyl column
Pressure, 320 mm. Hg; ﬁow, 12 5 mb/min.;
jacket temperature, 78.5°

on

3.. 2,2,3-Trimethylpentane and foluene on ben-
zyldipheny! column
Pressure, 740 mm. Hg; ﬂow, 40 ml./min.;
jocket temperature, 78.5°
lower than iso-octane which were

absent from the certified sample, and
that both samples contained a smali
quantity of a higher boiling impurity.
In order that the chromatograms of
the two samples should be directiy
comparable, an accurately measured
sample of 0.100 ml. was delivered by
a micrometer syringe onto the column.
The results obtained for the impure
and certified samples using a n-hexa-
tricontane column sre shown in chro-
matograms 1 and 2 (Figure 8); the
overloading is obvious. The very large
iso~octane peak, which has been recorded
only after reducing the sensitivity of the
amplifier by a factor of 100, is about 50
chart widths high on the normal sen-
sitivity. It has a steep front and long
tail, presumably caused by curvature
of the isotherm at high concentrations;
the top flattens as the saturation vapor
pressure is approached. In spite of the
large, wide peak due to the main com-
ponent the impurities still may be seen
easily. The absence of the lower
boiling impurities in the certified sample
contrasts strikingly with the similar
amounts of the higher boiling impurity
in both the impure and certified samples.
As the retention volumes measured
with such heavy overloading are un-
reliable, it was necessary to obtain a

324 + ANALYTICAL CHEMISTRY

: B
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Table i,

Relative Retention Volumes of Components of Reference Fuel Samples

Stationary Phase®

Component, n-Hexatriacontane Benzyldiphenyl
L boiling i iti .
ower boiling 1mpgrl ies ig} (4) 4.0t04.5 (6)
Main component iso-octane 5.4 (4) 4.3 (6)
5.3 (8)
Higher boiling impurity 7.7 (4) 8.5 (6)
: 7.7 (5)

@ Numbers in brackets indicate chromatogram (Figures 8, 9) from which each result

was obtained.

concentrate of the impurities from
several chromatograms by condensing
the vapors issuing from the density
balance for the periods corresponding to
the impurities. This is illustrated in
chromatogram 3 (Figure 8) where vapor
has been condensed between AA and
BB. The condensed material may be
re-examined by connecting the trap to
the top of the column, allowing it to
warm up, and ejecting the condensed
material with the stream of cluent gas.
Chromatogram 4 shows a rerun of the
impurity concentrate from four prelim-
inary runs using a 0.100-ml. sample as
shown in chromatogram 3. It is in-
teresting that the two air “pellets’” at
the ends of the trap, introduced to-
gether with the hydrocarbon vapors into
the eluent gas stream, move individually
through the column and produce two
separate peaks. The procedure has
been carried one step further in chro-
matogram 5, in which the second peak
only has been separated during chro-
matogram 4 and rerun, reducing the
iso-octane concentration by a further
substantial factor.

To obtain retention volume data for
the impurities using a second stationary
phase, an impurity concentrate similar
to that obtained for chromatogram 4
was rerun on a benzyldiphenyl column

to produce chromatogram 6 (Figure 9).

The relative retention volumes of the
impurities from the various chromato-
grams were measured using n-pentane
as standard. The wvalues obtained
(Table II) for the lower boiling impuri-
ties were consistent with the three lower
boiling impurities suggested by the
makers—i.e., 2- and 3-methylhexane
and 2,3-dimethylpentane. The latter
two isomers would not be resolved, and a
small partially resolved peak in the
leading edge of the first peak of chro-
matogram 4 gives a relative retention
volume which agrees well with that
of 2-methylhexane. On benzyldi-
phenyl none of these hexanes would be
resolved from large quantities of iso-
octanes, as has been observed in ¢hro-
matogram 6 (Figure 9).

The higher boiling impurity proved
more difficult to identify. The log-
arithms of the relative retention vol-
umes measured on the two stationary
phases, when plotted on a large version

»
»

Figure 7. Plot of logarithm of relative
retention volume on n-hexatriacontane
vs. logarithm of relative retention volume
on benzyldiphenyl
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Figure 8. Chromatograms
Stationary phase, n-h i ; temperature 78.5° C,; flow, 45 mh/min.
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Figure 9. Chromatogram 6 of impurity
concentrate sample of both higher and
lower boiling impurities
Stationary phase, benzyldiphenyl; temperature,
78.5° C.; flow, 40 ml./min.

of the plot shown in Figure 7, showed
that it was probably methyleyclohexane.
The relative retention volumes of none
of the paraffins suggested by the makers
matched the data for the impurity,
nor did those of the only other likely
impurities, 2,44-trimethyl-1- and -2-
pentene.

In order to check the values used,
most of the relative retention volumes
were redetermined on the actual col-
umns used for this work. The data ob-
tained are shown in Table III together -
with the corresponding values from
Table 1. The agreement is better than
2% in spite of the fact that the latter
values were obtained on different col-
umns Some months earlier.

The presence of methylcyclohexane
in reference fuel iso-octane seemed so
improbable that it was decided to con-
firm the tentative identifications made
from retention volume data by exam-
ination of separate concentrates of the
Iow and high boiling impurities in the
mass spectrometer. The concentrates
were obtained by condensation in capil-
lary traps and these were attached di-
rectly to the mass spectrometer inlet.
It proved necessary, because of the
very small amount of material available
(a few milligrams), to construct a new
uncontaminated inlet system having a
smaller volume than is usually em-
ployed. The components identified are
shown in Table IV; the agreement
with the identifications made chro-
matographically is good. It proved
possible to carry out a quantitative
analysis of both concentrates from the
mass spectrometric data. These are
also given in Table IV, together with
values calculated on an iso-octane—free
basis.

As the amounts of the high boiling
impurity in the certified and impure sam-
ples were identical (see chromatograms
1 and 2, Figure 8), it was necessary to
determine only the concentrations of
the impurities in the impure sample to
complete the analysis,

Table ll. Relative Retention Volume Data for Suspected Hydrocarbons
Stationary Phase ’
n-Hexatriacontane ‘Benzyldiphenyl

Hydrocarbon New values Old values New values Old values

2,4,4-Trimethyl-2-pentene 6.34 6.34 7.30 7.33

Methyleyclohexane 7.63 7.77 8.60 8.46

2,4-Dimethylhexane 7.33 7.45 .. -

2,5-Dimethylhexane 7.03 7.13

2,2,3-Trimethylpentane 7.95 8.10

2,3-Dimethylpentane 4.54 4.55

3-Methylhexane 4.60 4.68

A sample of iso-octane free of these
impuritics was needed in order to
prepare a number of synthetic blends
for calibration purposes. It was not
possible to use the direct area measure-
ment method because the resolution was
inadequaté with the column so heavily

 overloaded. Also, with the high con-

centration of vapor in the peak for the
main component, the response of the
density balance was probably no longer
proportional to the density difference
between the eluent gas and the vapor.
A sample of iso-octane prepared some
years ago by fractionation of a com-
mereial material manufactured by the
Rohm & Haas Co. was examined and
found to be substantially free of these
particular impurities, although signifi-
cant amounts of others at different

Table IV. Mass Spectrometric Analysis
of Concentrates of Lower and Higher
Boiling Impurities

Conen., Mole %,

Component Detd.  Corr.
Lower Boiling Impurities
2,2,4-Trimethylpentane 34
2-Methylhexane 6 9
3-Methylhexane 7 11
2,3-Dimethylpentane 53 80
Higher Boiling Impurities
2,2,4-Trimethylpentane 50
C; Naphthene (almost
certainly methyl-
cyclohexane) 45 90
Umnidentified paraffina 5 10

positions in the chromatogram were
detected (chromatogram 7, Figure 8).

Calibration blends were made up
gravimetrically using 2,3-dimethylpen-
tane and methyleyclohexane with this
iso-octane., It did not seem neces-
sary to use 2- and 3-methylhexanes as
these were poorly resclved from the
dimethylpentane under the conditions
used. In order to limit the amounts
of the pure hydrocarbons used and to
reduce inaccuracies due to evaporative
losses during weighing and manipula-
tion, & method of successive dllutlons
was employed.

The chromatogram of each blend,
using an 0.100-ml. sample, was ob-
tained with a n-hexatriacontane column
under the same operating conditions
as ‘used for the samples The curve
produced by Blend 2 is shown in ¢hro-
matogram 8 (Figure 8). For the light
impurity the height from the zero line
to the point of inflection was taken
as a measure of the peak height, while
the peak height of the methyleyelo-
hexane was measured from the line
the curve would have followed in the
absence of this component. The re-
sults obtained are given in Table V
and have been plotted in Figures 10
and 11. The accuracy of molar pro-
portions read from these plots has been
given as the maximum divergence at
the particular level. The results ob-
tained from three successive runs on
both samples are given in Table VI,
together with the corresponding molar
proportions of the impurities. The
complete results of the analysis of the
impure and certified samples have
been summarized in Table VII,

Table V. Calibration Blends of Iso-octane with 2,3- -Dimethylpentane and
Methylcyclohexane

2,3-Dimethylpentane Methyleyclohexane
Blend Peak height Peak height
No. (chart div.) Mole % (chart div.) Mole %

1 cee e 5.7 0.028
2 10.6 0.140 9.0 0.057
3 13.0 0.166 19.3 0.091
4 107.0 1.075 ..

5 12.5 0.148

6 8.0 0.087

7 4.5 0.051
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The presence of methyleyclohexane
is surprising. This hydrocarbon was
not detected during the complete anal- IMPURE BAMPLE = = = = o e — — m = T )
yses of s large range of alkylates by o
API Research Project 6 (9) or in an ° i
earlier investigation of a crude syn-
thetic iso-octane derived from hydro-
genated diisobutene (3). Chromato-
gram 9 (Figure 8) shows that the curve
obtained with a reference fuel sample
from a batch being currently used ah
Sunbury (supplied by Enjay Co.,
Elizabeth, N. J.) is similar to that of )
the certified sample. - The Rohm & —+
Haas sample was manufactured over
15 years ago and was probably obtained -2
from a hydrogenated diisobutene feed-
stock. No impurities can be detected I 1 ' L 1 ! 1 1 °
in API sample 217A (chromatogram ° co2 094 008 008 o0 012 oda 018 303 o-20
10, Figure 8), probably hecause of the

rigorous purification by both regular Figure 10. Peak height vs. mole per cent 2,3-dimethyl-

and azeotropic fractionation. entane in 2.2 4-trimethylpentane
The total impurity measured by gas P n s 7P

partition chromatography for both
samples tends to be lower by about 0.05
mole ¥, than the correspending figures
obtained by the freezing point methad.
There are two possible sources of error
in the chromatographic procedure which
may contribute to the difference. : —e

PEAK REIGHT (D1V)

MOLE 74 2,3-DIMETHYLPENTANE

Impurities have not been detected ha
because they are not resolved from the :
msin iso-octane peak. Only 3-ethyl-
pentane, n-heptane, and possibly 2,2-
dimethylhexane among the paraffins
would fail to be resolved under the —
conditions used.

A number of impurities, such as other
branched-chain octanes, which would be
resolved are present in such small
amounts that their individual concentra- ~fe
tions in the chromatogram are below the
sensitivity of the detector. The small SOTH SAMPLES o
proportion of paraffin detected by the
mass spectrometer in the higher boiling
impurity is interesting in this connec-
tion.

Peak HEIGHT (01v)

1 L i ] 1 1 ] i il
In spite of this small discrepancy, oo e W:OL[;u‘ugrnt::vcln°Q:1An:°°7 oo

however, the gas-liquid chromato-

graphic method, in conjunction with the Figure 11. Peak height vs. mole per cent methylcyclo-

mass spectrometer, has provided the : hexane in 2,2,4-trimethylpentane

most complete analysis to date.

CONCLUSIONS

The potentialitiecs of gas-liquid
chromatography in the detection, iden- Table Vi. Determination of Impurity Concentration in Impure and Certified
tification, and estimation of minor im- Samples
purities in nearly pure materials are,
in some respects, more striking than its Lower Boiling Impurity Higher Boiling Impurity
application to the analysis of more con- Peak height Peak height
ventional volatile mixtures. Sample div. Mole % (div.) Mole %

The measurement of total impurity Tmpure 13.9 0.165 39 0.022
by cryoscopic methods has been de- 13.8 +0.02 4.0 +0.01
veloped in recent years to give reliable 14.4 3.9
and usually extremely accurate results, Av. 14.0 3.9
but often their value is reduced by the
fact that_ no ir}fprmation of the nature Certified Nil Nil ig :,:8:8%2
of the impurities may be obtained. 4.0
Gas-liquid chromatography, howaver, A 4.0
enables the impurities to be concentrated v ’
and in some cases entirely separated
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before identification and estimation.
Where a complete analysis of the im-
purity concentrates is not possible by
chromatography, as with the analysis
of the iso-octane samples described, gas-
liquid
scope of existing analytical methods
to be extended to lower concentration
levels.
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Characterization of Long-Chain Fatty Acids by
Infrared Spectroscopy

RUDD A. MEIKLEJOHN!, ROBERT J. MEYER?, SANFORD M. ARONOVIC, HENRY A. SCHUETTE, and VILLIERS W. MELOCH
Department of Chemistry, University of Wisconsin, Madison, Wis.

P Fatty acids may be readily iden-
tified by infrared spectrophotometry
of the solid compounds. Examination
of the spectra of soaps as well as of
the free acids by the potassivm bro-
mide disk technique has definite ad-
vantages, chief among which is the
revelation of the "rule of two” rela-
tionship between the so-called band
progressions and chain lengths. Infra-
red spectra of -synthetic solid fatty
acids of exceptionally high purity
from Cj to Cy; are presented, as well
as the band progressions for soaps

from C; to Cy, to demonstrate this
relationship and provide a catalog
of spectra for direct identification,

BE EFFECTIVE USE of infrared spec-
troscopy for positive identification
of the fatty acids has been subject to
several difficulties. The liquid state
offers few unique bands: In the solid
state the spectra contain many bands,

. but slight differences in preparatory

techniques result in spectral discrep-

ancies (6). Gore and Waight (4) have
distinguished the shorter acids by
measurement of the ratio of intensities
of C—H stretching bands due to CH;
and CH; groups, but this technique
becomes impractical for Cis and longer
chains because of the smaller difference
between homologs.

In 1952 Jones, McKay, and Sinclair

! Present address, Minnesota Mining
and Mnnufactu.nng Co., Minneapolis,
Minn,

2 Present address, College of Pharmacy,
University of Wisconsin, Madison, Wis.
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(5, 9) showed that the fatty acids had
unique infrared spectra as Nujol mulls,
and could be qualitatively distinguished
from each other. They also called atten-
tion to a remarkable speetral feature in
the 8-micron region: a series of uni-
formly spaced bands whose number in-
creased with chain length. The term
“band progression” was applied to such
a series of bands, Brown, Sheppard, and
Simpson (1, 2) showed that these bands
are attributable to CH, wagging.

Findings in this laboratory indicate
that comparison of the spectra of crys-
talline films may possess certain draw-
backs. Because of the tendency of
fatty acids to occur in several polymor-
phic forms and the frequent coexistence
of two or more of these forms in a single
film, different film preparations of the
same acid may show spectral diserep-
ancles if the solidified capillary film
technique is used. A second difficulty
js caused by orientation of the solid film
and partial polarization of the radiation
within a spectrophotometer. In this
case significant intensity changes in sev-
eral bands can be observed merely by
repositioning a single film preparation
within & cell holder. Such spectral dif-
ferences as may occur raise doubt about
the validity of an identification. The
present, authors have, therefore, sought
to overcome these difficulties by adopt~
ing a reproducible sample-handling
technique, and basing identification not
merely on the ability to obtain an iden-
tical spectrum, but on the correlation of
a praminent spectral feature with the
chain length.

Correlation of chain length with the
number of bands in the band progression
series of solid mulls of fatty acids was
first made by Jones and his coworkers
(5, ). They recognized three bands in
lauric acid (Cie), nine bands in heneicos-
anoic acid (Cau), and generalized for the
series Cyq to Cy that the number of ap-
parent progression bands increases by
one for each additional methylene group.
Primas and Giinthard (?) have shown
that the number of bands due to CH;
wagging in compounds of the type R/~
CO{CH.CH:),COR” bears an approxi-
mate relationship of one band for each
four consecutive methylene groups. In
this laboratory, it has been observed
for fatty acid chains longer than twelve
carbons that one band is, in fact, pres~
ent for every two carbons in the chain.
The band progression region of the scaps
may be defined as 7.43 to 8.47 microns
(Figure 4), and the bands crowd to-
gether when they become more numer-
ous.

Childers and Struthers (3) have pre-
pared the sodium soaps of some short-
chain fatty acids. The spectra had
sharp, unique peaks, and the prepara-
tion of the soaps opened the way to
reproducible spectra. The samples were
prepared as quantitative mulls, and
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Spectra of normal aliphatic acids in potassium bromide matrix

0.01 mmole of fatty acid in 12-mm. diameter circular disk

both qualitative and quantitative deter-
minations were shown to be practicable.

The sodium, barium, and silver soaps
have been prepared in this laboratory,
and excellent spectra have been ob-
tained for their potassium bromide disks.
More of the progression bands are ap- .
parent for a soap than for the corre-
sponding acid, and this is due to the re-
moval of an interfering peak at 7.65
microns attributable to the C—0—H
grouping. The progression bands of
different soaps of the same acid show no
alteration in position.

The work reported here proposes that
the spectrum of an unknown free acid be
obtained by the potassium bromide pel-
let technique, and then compared with a

reference spectrum for identification.
If doubt as to the identity persists, the
soap should be prepared, mixed into a
potassium bromide disk, and the pro-
gression bands in the spectrum counted.
An acid with an odd number of carbons
may be distinguished from the next
longer even-numbered acid which has
the same number of progression bands
by the shift in wave length of the en-
tire set. Comparison of the progression
bands enables identification of a
straight-ohain fatty acid even if a ref-
erence spectrum is not available.
Branched acids give similar bands which
are nonuniformly spaced, so that the
straight and branched types may be
readily distinguished. A group of spec-
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Figure 2. Spectra of normal aliphatic acids in potassium bromide matrix

0.01 mmole of fatty acid in 12-mm, diameter drcular disk

tra of normal aliphatic acids from Cy to
Cys is presented for reference in Figures
1, 2, and 3.
MATERIALS
The Cy to Cg normal aliphatic acids

were prepared synthetically by Schuette

and coworkers () at the University of
‘Wisconsin,
mediates used in the syntheses were
selected so as to leave no doubt about
the purity and structure,
purity was 99.99), or better, as estab-
lished by melting point data and cool-
ing curve observations.
acids, Cs, Cy, and C;, used only in the
form of soaps to extend the family of
progression bands, were generally of

The methods and inter-:

Estimated '

The shorter:

lower purity. Barium chloride dihy-
drate, silver nitrate, and anhydrous
methanol used in the preparation of the
soaps were all of reagent grade.

PROCEDURES

Preparation of Potassium Bromide
Pellets. Freeze-dried potassium bro-
mide (200 mg.) was mixed with 0.01
mmole of acid or soap. A small
amount of carbon tetrachloride was
added to the powders in an agate mor-
tar and triturated to form a smooth
paste, After evaporation of the car-
bon tetrachloride in 1 minute, tritur-
ation was resumed for 1 minute longer.
The powder was pressed in a hardened

" tool steel die under a force of 10 tons for

2 minutes in vacuo to form.a flat disk

about 1 mm. thick and 12 mm. in diam-
eter.

Preparation of Soaps. BArrom.
Several milligrams of the free acid was
dissolved in about 3 ml. of methanol.
One milliliter of a 1% solution of barium
chloride dihydrate in methanol was
added. Concentrated aqueous am-
monia (28%) then was added dropwise
to the hot methanolic solution until no
additional precipitate was formed. The
precipitate was centrifuged, washed
twice with 3-ml. portions of hot metha-~
nol, and dried at 110° C. The barium
soaps of the Cs to Css acids were made.

Soprom.  Aqueous sodium hydroxide,
1N, was used to titrate an ethanolie
solution of the acid to a phenolphthalein
end point. The solution was then evap-
orated to dryness at 110° C. The so-
dium soaps of only the Cs, Cs, and Cs
acids were prepared.

SiLver. Silver nitrate (1.7 grams)
was dissolved in 5 ml. of distilled water,
and 80 ml. of absolute ethyl alcohol was
added. Concentrated aqueous ammonia
was added dropwise until the brown
turbidity which first formed just dis-
appeared, and the solution was made
up to 100 ml. with ethyl alcohol. The
silver solution was added dropwise to
the hot methanolic solution of the acid
until no additional precipitate formed.
The white precipitate was centrifuged,
washed several times with hot metha~
nol, and dried in a vacuum oven at
60° C. The silver soaps of the Cg to
Cqo acids were made,

APPARATUS

The spectra shown were obtained by
use of the double-beam Baird Associates
Model B infrared spectrophotometer.
The reference used in all cases was a
polished rock salt plate. All spectra
reproduced herein are the originals.
Figure 4 is a montage of actual curves
obtained by use of a calcium fluoride
prism, but all other work was accom-
plished with a sodium chloride prism.

RESULTS AND DISCUSSION

The spectra presented in Figures 1, 2,
and 3, obtained from potassium bromide
disks, show greater detail than spectra
usually afforded by solid films. Anim-
portant reason for this difference is the
minimization of polymorphism in the
former. In addition, instrumental po-
larization of the infrared radiation can
cause nonrepredueible spectral varia-
tions when the specimen exhibits over-
all erystallographic orientation, as may
frequently happen in solid films. The
more nearly random orientation of sam-
ple in the potassium bromide disk mini-
mizes the orientation-polarization ef-
fect. This technique, therefore, has
the advantages of yielding sharper and
more reproducible spectra and is recom-
mended over the solid film technique
for those fatty acids obtained as erys-
tals.

The 7.4- to 8.5-micron region deserves
special attention. The number of bands
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Figure 3. Spectra of normal aliphatic acids in potassium bromide matrix

0.01 mmole of fatty acid in 12-mm. diameter circular disk

in the progression series is approxi-
mately equal to half the number of car-
bons in the chains. By empirically
defining the region as 7.43 to 8.47 ri-
crons, the following relationship exists
for the straight-chain fatty acids with an
even number of carbons,

Number of bands in progression series ==

Number of carbons in chain
2

For the acids with an odd number of
carbons,

Number of bands in progression series =

Number of carbons in chain + 1
2

This rule of two relationship is obwi-
ous from the spectra of the solid acids
from Cyp through Cu, but in the longer
acids only the bands at the long wave
length end of this region remain dis-
tinct. That the shoulders on the broad
band at 7.65 microns are really members
of the band progressions ean be brought
out more clearly by preparation of soaps
of the acids. In this way, the band at

332 ¢ ANALYTICAL CHEMISTRY

7.65 microns is eliminated, and the rest
of the progression bands are unmasked.

The patterns exhibited by the pro-
gression bands are shown in Figures 4
and 5. Their continuity in the spectra
of the soaps from C; to Cs is most
striking. The family of curves ob-
tained from the free acids is not identi-
cal with, although it is similar to, the
family of curves obtained from the
soaps, revealing an influence on all of
the bands by the end group. Close ex-
amination of the band progressions of
the soaps as given in Figure 5 reveals
the following anomalies.

In the soaps below C,¢, weaker inter-
mediate bands can be seen which are
not regularly spaced. Their intensities
gradually become relatively negligible
in chains longer than Cw. To use the
rule of two, these intermediate bands
must be disregarded. Their existence
in the shorter acids indicates that one
band is probably produced for each
methylene group, but that limitations
on resolution allow detection of only
half of them in chains longer than Ci.

The band at the shortest wave length
is always closer to the second band than
the spacing of the remainder of the pro-
gression bands in each set. This effect
may be related to the extraordinary
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|
chemical reactivity of the a-methylene
group, which would be concomitant
with a weaker C—H bond and/or a
greater C—H distance, causing a meth-
ylene wagging slower than otherwise
would be expected.

The rule has utility even if used solely
on an empirical basis, provided the
above-mentioned disparities are taken
into account,

It may be difficult to decide, solely
on the basis of the spectrum of a mix-
ture, which component acids are present
unless other information is available.
More than one combination of mixed
fatty acids might give nearly indistin-
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Band progressions of soaps of fatty acids
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guishable composite spectra. In such
cases, the mixture of acids may be con-
verted to a mixture of soaps, and the
spectrum obtained. The irregular se-
ries of progression bands resulting then
may be visually unscrambled into sets of
uniformly spaced bands. The separated
sets can be used to help identify the
components. Verification is made by
comparison of the remainder of the
spectrum with reference spectra. Figure
6 shows two specific examples of this
application.

CONCLUSIONS

The use of the potassium bromide disk
technique, in which melting of the crys-
tallized fatty acid is avoided, results in
sharper, more reproducible spectra. If
an unknown fatty acid is not crystalline
or is somewhat impure, preparation of
the soap will still permit rapid evalua-
tion of the chain length if progression
bands are counted and the rule of two is
applied. Even in half-and-half mix-
tures, the components can be identified
by a visual unserambling of the two
sets of uniformly spaced bands.
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Infrared Absorption of Aldehydic C=H Group

Ortho-Substituted Benzaldehydes

SHRAGA PINCHAS

Weizmann Instifute of Science, Rehdvol’h, Israel

P Sixteen benzaldehydes, ten of which
were substituted in the ertho position,
were measured in the aldehydic C—H
region in order to test the assumption
that the increase in the C—H frequencies
of benzaldehydes containing o proton
acceptor in the ortho position is due to
hydrogen bonding. All these alde-
hydes obey the observed regularities
and fall into two groups. The first,
containing unbonded benzaldehydes,
absorbs at 2720 to 2745 and 2812 to
2832 c¢m~~.. The second, containing
hydrogen-bonded aldehydic- C—H
groups, absorbs at 2747 to 2765 and
2860 to 2900 cm.~L. The origin of the
second band is discussed. The results
verify the assumption that the cause of
the rise in the C—H frequencies is a
hydrogen bond affecting the alde-
hydic C—H group. Thus a clear-cut
differentiation between an ortho-
substituted and a nonsubstituted benz-
aldehyde is possible in many cases.

1THOUGH the C--H stretching fre-

quency of the formyl group in vari-
ous substituted benzaldehydes is usually
in the narrow region of 2720 to 2740
cm. ™, in the case of a number of ortho-~
substituted benzaldehydes it rises to
about 2760 em.~! (21). The other
characteristic band for the formyl
group at about 2820 em.~! also rises in
these benzaldehydes to the region of
2860 to 2890 cm,~'. As this increase
in frequency could he correlated with
neither the electronie effects of the
ortho substituents nor their steric effects
and because this increase was observed
only with benzaldehydes that were sub-
stituted by a proton acceptor but not
with o-tolualdehyde, it was tentatively
nssumed to be due to some kind of
hydrogen bonding between the polar
hydrogen atom of the formy! group and
the substituting proton acceptor. As
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such a hydrogen bond involving a C—II
group seemed somewhat uncommon and
the number of the “anomalous” benz-
aldehydes already studied then was
small (only five) it seemed worth
while to study the infrared spectra
in this region of more benzaldehydes,
especially ortho-substituted ones, in
order to find whether this assumption
is consistent with more experimental
data. It was also interesting to see if
8 frequency of about 2760 cm.™! for
the formyl C—H stretching can really
be taken as a reliable proof of the pres-
ence of a proton-accepting atom or
group in an ortho position, in an un-
known substituted benzaldehyde., An
additional number of benzaldehydes
were therefore measured in the infrared
region.

EXPERIMENTAL

Most of the measurements were made
with a Perkin-Elmer infrared spectrom-
etér, Model 12 C. Some of them were
made with a direct current Perkin-
Ehner spectrometer, Model 12 B, Un-
less otherwise stated, measurements
were carried out with & sodium chloride
prism. The materials studied were
commercial of the highest available
purity, used without further purifica-
tion, were obtained as a gift from various
organic chemists, or were synthesized
according to the Iiterature.

2-Chloro-3- and 2-chloro-5-hydroxy-
benzaldehyde were synthesized by
(quick) chlorination of m-hydroxybenz-
aldehyde in acetic acid (which contained
some water). Under these conditions,
contrary to Lock and Hosaeus (17), both
isomers are formed, the latter in larger
quantities. They were separated by
dissolving the mixture in 2 sodium
carbonate solution and precipitating
with hydrochloric acid. 2-Chloro-3-
hydroxybenzaldehyde came out of the
solution first and melted after crystal-
lization from dilute acetic acid, at 136°
C. According to Hodgson and Beard
(11) it melts at 139°. 2-Chloro-5-

hydroxybenzaldehyde (6-chloro-m-
hydroxybenzaldehyde) was then pre-
cipitated from the filtrate on addition of
more acid and standing. After crystal-
lization from dilute acetic acid it melted
at 113.5-114.5°. Hodgson and Beard
(11) give 111° as its melting point.
2-Nitro-5-fluorobenzaldehyde was
synthesized by José Schwarcz (24).

RESULTS

The results of the measurements of
the infrared absorption in the formylic
C—H region in the case of 16 benzalde-
hydes (ten of which can be described as
ortho-substituted) are summarized in
Table I.

Apart from the measurements in
this région, some materials were also
studied in the whole 2.8- to 12-micron
region, in order to detect possible ir-
regularities in the spectra of the anom-
alous benzaldehydes. The main bands
observed are presented in Table II.
Experimental conditions are the same
as those of Table I.

The results for salicylaldehyde are
in good agreement with the values read
from the curve given by Barnes and
associates (5) for the 1050 to 1800-cm. !
region and the value of 1666 cm.™!
found for its C=0 frequency in carbon
tetrachloride solution agrees well with
the value of 1661 cm.™! given by Bel-
lamy (6) for this frequency in chloro-
form solution. The value of 1698 cm, ™!
for this frequency in 2-naphthaldehyde
also is in accord with the value of
1702 cm.~! given by Hunsberger (12).
Both 3-chlorobenzaldehyde and its 4-
isomer have been measured by Lecomte
(16) in the region up to 1200 cm.™Y;
the results are comparable.

DISCUSSION

2730-Cm.-! Frequency. As can be
seen from Table I, all the benzalde-
hydes in which no hydrogen bond that



Table I.  Aldehydic C—H Frequencies in Various Benzaldehydes

Cell
Thickness,
Material Concentration Mm, Frequencies?, Cm.™!

o-Bromobenzaldehyde® 0.007 g./1 cc. CCL 8 2747 (s) 2860 (vs)
Salicylaldehyde 0.040 g. + L.ce. CClL, 0.2 2745 (9) 2830 (22) -
Salicylaldehydes 0.002 g./1 ce. CCly 8 2744 (s) 2832 (s) [2562 (8), 2610, 2683 (vw), 2778 (vw)]
Phthalaldehyde 0.11 g, -+ 1 ee. CHCL 0.1 2740 (23) 2830 (24
2-Chloro-3-hydroxybenzaldehydes Satd. soln. in CCL¢ 8 2750 2860 (s) (2628, 2716 (w), 2823]
2-Chloro-3-hydroxybenzaldehyde 0.011 g. - 1 cc. CHCl; 1.4 2760 2890 (s)
2-Chloro-5-hydroxybenzaldehydes Satd. soln. in CCl# 8 2752 2866 (s) [2823 (vw)]
2-Chloro-5-hydroxybenzaldehyde 0.011 g. + 1 e¢c. CHCL; 1.4 2760 2900
2,4-Dichlorobenzaldehyde 0.05g. + 1 cc. CCY 0.2 2765 (13) 2875 (26)

0.01 g. + 1 ce. CCL 1.4 2765 (10) 2875 (23)
2,4-Dihydroxybenzaldehyde 0.006 g, 4- 1 ce. CHCl; 1.4 2765 (34)
2-Nitro-5-fluorobenzaldehyde 0.08 g. + 1 ce. CHCly 0.1 2755 (13) 2890 (31) [2650 (12)]
2-Nitro-5-bromobenzaldehyde 0.21 g. + 1 ec. CHCl, 0.2 2750 (4) 2890 (9)
1-Naphthaldehyde 0.046 g. + I ce. CCL 0.1 2730 (34) 2830 (20)
2-Naphthaldehyde 0.10g. 4+ 1 ce. CCl, 0.1 2720 (33) 2815 (36)
3-Chlorobenzaldehyde 0.09 g. + 1 ce. CClL, 0.1 2720 (24) 2810 (32)
3-Bromobenzaldehyde 0.11 g. + 1 ce. CCl, 0.1 2720 (31) 2820 (40)
3-Indobenzaldehyde 0.039 g. + 1 cc. CCL, 0.2 2720 (25) 2820 (31)
3-Hydroxybenzgaldehyde 0.015 g. + 1 ce. CHClg 1.4 2730 (22) 2820 (34)
3-Hydroxybenzaldehyde?® Satd. soln. in CCL/ 8 2723 2812
4-Chlorobenzaldehyde 0.032 g. + 1 ecc. CHCl, 0.2 2735 (27) 2830 (38)

@ Molar absorbancy index, liter mole~! ¢m. %, given in parentheses after each frequency where available,
& Measured with fluorite prism.

¢ Measured with lithium fluoride prism.
4 Concentration <0.005 g./ce.

¢ 2890-cm. ~! band probably masked by nearby chloroform band.
/ Concentration less than 0.002 g./ce.

involves the formylic hydrogen atom

can exist show their first aldehydic Table Il. Infrared Absorption of Various Benzaldehydes
C--H frequency in the usual region of Material Bandse. G-t
2720 to 2745 em.™* In this respect aterla ands, L.
salicylaldehyde should be considered Salicylaldehyde 8&;»%%1(20),4 %?2?5231(}))921)150358.(%8),9 )11831 6(()02%)1113328333,
as 2 “normal” benzaldehyde, as the : .42), .92), 1 .19), 1340(0.15), .32),
hydrogen hbond between the more ,%igég-ggg' %‘égg((%ﬁ%’ },,512%((%%%)) 1621(0.52), 1666(1.04),
acidic O—H group and the stronger o\ ) 1500 g 859(0.56), 970(0.17), 1188(>0.8), 1272(0.44), 1305(0.23)
) . . alaldehyde . .17), .8), .44), 5(0.
proton-accepting group C=0 (bigger , i 1380(0.10), 1455(0.16), 1480(0.14), 1576(0.43), 1594(0.50),
partial negative charge) is no doubt 1688(> 159, 2740(0.175, 2830(0.18), 3030(0.11)
more powerful than that between the 5 4 pipigr- 844(0.77), 872(0.36), 1052(0.28), 1103(0.34), 1197(0.48),
formyl C—H group and the OH ac- benzaldehyde 1250(0.32), 1283(0.29), 1377(0.52), 1466(0.30), 1584(0.90),
ceptor. Hence structure I rather than 1697(1.02), 2765(0.07), 2875(0.15), 3100(0.09)
IT represents the true configuration of  24-Dihydroxy- 975(0.41), 1127(1.1), 1330(1.3), 1390(0.52), 1461(0.75),
salicylaldehyde (2). benzaldehyde 1631(>2.0), 2765(0.20)
92-Nitro-5-fluoro- 845, 892(0.56), 967(0.23), 1074 (0.08), 1133(0.08), 1151(0.41),
benzaldehyde 1253(0.08), 1484(0.6), 1530(>>2.0), 1602(1.01), 1701(>1.5),
- o 2650(0.055), 2755(0.06), 2890(0.135)
I 2-Naphthaldehyde 860(0.43), 884(0.16), 897(0.17), 952(0.11), 970(0.09),
(l; J: 1118(0.47), 1171(0.50), 1203(0.13), 1262(0.27), 1341(0.31),
No RN 1400(0.08), 1463(0.24), 1576(0.12), 1599(0.20), 1627(0.38),
: i 1698(1.08), 2720(0.19), 2815(0.21), 3020(0.16)
o H o 3-Chlorobenzaldehyde  $71(0.20), 900(0.20), 1070(0.14), 1196(0.82), 1279(0.14),

&

I 1I

In this configuration the C—H bond
is unaffected by hydrogen bonding.
The case of 2-hydroxy-3-methoxybenz-
aldehyde, which also absorbs at about
2740 cm.~! (21), is analogous. The
somewhat higher frequency of these
aldehydes relative to other unbonded
benzaldehydes—e.g., 3-hydroxybenzal-
dehyde, 2730 cm.™?; l-naphthaldehyde,
2730 cm.~*—seems to be due to polar
resonating structures like III,

3-Bromobenzaldehyde

3-Iodobenzaldehyde

4-Chlorobenzaldehyde

1383(0.22), 1438§O.22), 147o§0.20), 1573(0.30), 1593(0.27),
1705(1.05), 27200.14), 2810(0.19), 3080(0.07}

852(0,19), 880(0.17), 900(0.06), 1068(0.20), 1192(0.9),
1272(0.30), 1381(0.26), 1430(0.23), 1468§0A14), 1573(0.45),
1705(1.3), 2720(0.17), 2820(0.215), 3080(0.10)

841(0.12), 867(0.08), 888(0.06), 1001(0.06), 1058(0.10),
1168(0.10), 1190(0.65), 1380(0.14), 1430(0.10), 1464(0.06),
1484(0.06), 1572(0.23), 1593(0.07), 1710{0.77), 2720(0.08),
2820(0.10), 3075(0.03)

$33(0.86), 954(0.07), 1016(0.21), 1046(0.07), 1095(0.51),
1167(0.27), 1283(0.18), 1297(0.21), 1315(0.12), 1389(0.21),
1421(0.08), 1460(0.12), 1489(0.20), 1576(0.50), 1592(0.68),
1704(1.1), 2600(0.11), 2735(0.12), 2830(0.17) .

@ Absorbances (not molar absorbancy indexes) added in parentheses after each fre-

quency.

Y
5 OH band is too broad to be measured.
¢ Not measured between 1280 and 1470 cm.
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which contribute to the actual structure
of these aldehydes. Such structures
would be expected to strengthen the
double bond character of the Car — Crormy1
bond, thereby increasing the Crormp—H
frequency [CRR. = CHR; absorbs
at 3010 to 3040 cm.”!, CHRiR.R;
at 2890 (6, pp. 13,31)]. Phthalaldehyde
also must be considered as an unbonded
benzaldehyde, since as Braude and
Sondheimer have shown (7), even in the
case of o-tolualdehyde some steric over-
lap exists between the carbony! group
and the methyl group in that conforma-
tion in which these groups are neigh-
bors one to the other. An appreciable
steric interaction would therefore he
expected, even in that conformation in
which only one of the oxygen atoms is
the neighbor of the other formylic
group. The increase in steric interac-
tion in this case (relative to that in
o-tolualdehyde) would be expected on
the basis of the planarity of the alde-
hydic group and the polarity of the
Ctormy1— H bond (26), which is probably
reflected in a somewhat bigger C—H
distance. As the C—H. 0=C
hydrogen bond is a weak one, it is
probably not strong enough wo over-
come this steric hindrance and IV rather
than V must be taken as the structure
of phthalaldehyde.

i i

N\ \C/H \Q/O
Pl

v \s

This strusture leaves the formyl
groups unbooded. The value of 2740
em.™? for phthalaldehyde is therefore
in good agreement with what could be
expected, assuming that the cause of
the inerease in the C—H frequencies
in the case of the anomalous benzalde-
hydes is a hydrogen bond affecting
their formylic C—H groups. If it is,
however, assumed that the cause is
electronic in nature, it is difficult to
see why phthalaldehyde, which is
fully analogous to o-nitrobenzaldehyde,
absorbs normeally while the latter does
not (21). The very small rise in the
phthalaldehyde frequency, which is still
well inside the region of the unbonded
benzaldehydes, seems to be due to the
mutual negative effect of the formyl
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groups which tends to suppress the
polarization of the carbonyl groups,
thereby strengthening the C—H bond.

It can further be seen from Table I
that in all the benzaldehydes in which
a hydrogen bond involving the Cromy
—H bond can exist, this C—H fre-
quency rises to the region of 2747 to
2765 ¢m.”, as could be expected on
the basis of the above assumption and in
good agreement with previous work
(21). Thus there exist two near, still

definitely separate, regions for bonded -

and nonbonded C—H frequencies.

The case of o-bromobenzaldehyde is of
special interest, since if it is assumed
that steric effects are the cause of the
rise in the frequency of the anomalcus
benzaldehydes, o - bromobenzaldehyde
should show this effect even more
clearly than o-chlorobenzaldehyde be-
cause of the greater volume of the bro-
mine atom. Still o-bromobenzaldehyde
shows the lowest frequency of all the
anomalous benzaldehydes (2747 em.™?;
calcium fluoride prism) while o-chloro-
benzaldehyde showed this band at
about 2760 cm. ! when measured with
a sodium chloride prism (27) and at
2752 cm.”! when measured with a
lithium fluoride prism (see below).
This fact is, however, understandable
on the basis of the hydrogen hond for-
mation assumption, because although
the (O—H. . .Br) hydrogen bond in
o-bromopheno] is slightly stronger than
that of o-chlorophenol (20), the effect
of the CH. . Br bond on the Ceompn—H
frequency would be expected to be
weaker than that of the CH. . .Cl bond
in the case of ortho-substituted benz-
aldehydes. The reason for this ex-
pectation is that the C.—Br distance
is greater than that of the C.—CI
and therefore the angle formed by the
—H. . Br hydrogen bond with the
C—H valency direction is here less
acute than the C—H, .Cl angle
[the hydrogen bond in o-halogeno-
benzaldehydes is directed not to the
center of the halogen atom but to a
point nearer to the aromatic ring;
hence these angles are acute (21)).
As a result, the effect of the CH. . .Br
hydrogen bond is weaker (21).

Thus neither the steric nor the
electronic effect of the ortho substitu-
ent can cause the increase of the C—H
frequency in the anomalous benzalde-
hydes and only the hydrogen bond
assumption is in accordance with ob-
served facts. This assumption was
also partially verified by the failure of
o-nitrobenzaldehyde to color red a non-
polar solution of rhodamine B, as do
all hydrogen donors, including the cor-
responding meta and para isomers (19).
This fact was attributed to the non-
availability in the ortho isomer of
bonding hydrogen atoms because of
chelation between the formylic hydro-
gen atom and the neighboring nitro

group (19). Additional evidence of
the existence of hydrogen bonds in-
volving the aldehydic hydrogen atom,
of both inter- and intra-molecular
character, in aldehydes in general and
particularly in nitrobenzaldehydes was
supplied recently from refractive-index
measurements (3). There is a similar
case, of intramolecular hydrogen bond-
ing of a C—H group, in cyclo-octanone
and cyclodecanone (23). The exist-
ence of an internal hydrogen bond in
the anomalous benzaldehydes seems
thus to be well substantiated.

The value of about 2750 cm.~* for
the C—H frequency of 2-chloro-3-
hydroxybenzaldehyde is worth men-
tioning beeause in this case, as in all
the o-halogenophenols (28), another
hydrogen bond probably exists, be-
tween the phenolic O group and the
chlorine atom. However, the increase
in C—H frequency because of this ortho
substituent is not changed materially,
as can be judged from comparison of
this value with that of o-chlorobenzalde-
hyde (2752 em.”%). This is not sur-
prising, as other such instances are
known, where a proton acceptor forms
two hydrogen bonds. Thus, in the
dimer of salicylic acid one oxygen atom
accepts two protons to form two hy-
drogen bonds (20). The cases of 1,8-
dihydroxyanthraquinone and 2,2’-di-
hydroxybenzophenone (20) are similar.

The value of 2765 em.! for 2,4-di-
hydroxybenzaldehyde, in contradistinc-
tion to the value of 2744 em.™! for
salicylaldehyde, shows that here the
formylic CH group is no longer free,
but is also involved in a hydrogen bond,
probably in a dimeric structure such
as VI:

This conclusion is supported by the
fact that while the C=0 group of salicyl-
aldehyde absorbs at 1666 cm.™?, that
of 2,4-dihydroxybenzaldehyde absorbs
at 1631 em.~t. If here also a structure
similar to III is the dominant polar
structure, there is no reason why this
aldehyde should absorb at so much
lower than salicylaldehyde. It must
be assumed therefore that the actual
structure of 2,4-dihydroxybenzaldehyde
has an appreciable contribution from a
polar form, in which the positive charge
is on the 4-hydroxy group, such as VII,



Such a structure would be expected to
stabilize by dimerization to VI with the
added energy of stabilization obtained
from the two CH. . .0 hydrogen bonds
formed by this dimerization. The fact
that this aldehyde melts at 135° C,,
while phenol melts at 41° C. and
salicylaldehyde melts at —7° C., also
seems to indicate that it tends to form
stable dimers.

The molar absorbancy index of the
first C—H band is usually smaller in
the bonded benzaldehydes than in the
unbonded benzaldehydes (Table I).
Thus, all the values for this constant in
the bonded aldehydes measured so
far fall in the region of 4 to 34 liter
mole~! cm.”?!, with all but one (8)
falling in the narrower region of 4 to
15 liter mole™! em.™%; while the values
for the nonbonded benzaldehydes fall
in the region of 9 to0 40 liter mole ~! cm. L,
with all but four (74) falling in the region
of 15 to 40 liter mole™ em.™!. The
same tendency can also be traced in the
results for the second C-—H frequency,
at about 2820 cm. %, but here the effect
is less marked and the values are more
scattered. This phenomenon is- not.
clear, but might be connected with a
reduction of the partial positive ¢harge
on the hydrogen atom as a result of
the hydrogen bond directed at an acute
angle to the C—H direction.

Finally, the results obtained for a
dilute solution of 2,4-dichlorobenzalde-
hyde show that, taking into account
the uncertainty in the thickness of the
individual cells (up to about 20%) and
the experimental error, the C—H band
frequency and intensity of an internally
bonded benzaldehyde remain meore or
less constant on dilution, as is to be
expected. '

2820-Cm.-! Frequency. Wherever
the 2730-cm.~? band rises, there is also

a parallel rise in the 2820-cm.™! band .

to about 2860 cm. ! (21). This can be
seen in Table I. In fact, this band is
even more sensitive to hydrogen bond-
ing than the 2730-cm.™! band, as is
apparent from the case of o-bromobenz-
aldehyde, where the 2730-cm.™! band
is only about 17 em. ~* higher than usual,
while the 2820-em.~! band is about 40
em.™! higher.

The discrepancy. between the values
of this frequency.in the cases of 2-
chloro-3- and 2-chlero-5-hydroxybenz-
aldehyde as found in carbon tetra-

chloride solution (2860, 2866 cm.™%)
and those found in chloroform solution
(2890, 2900 cm.™?) seems to be due, at
least in part, to the poor resolving power
in this region of the sodium chloride
prism (which was used for the measure-
ments in the chloroform solution),
coupled with the effect of the very
strong nearby band of chloroform itself.

This 2820-cm.™! band was assigned
(21}, in analogy to Thompson and
Harris’ assignment of a similar band
of acetaldehyde (25), to the overtone
of the Cromyr—H bending frequency
(in acetaldehyde vapor 1405 cm.™?).
As can be seen from Table II, in benz-
aldehydes this band appears steadily
at. about 1380 to 1390 em.—! This
region is also in agreement with the
results of Kohlrausch and Koeppl (15),
who found a Raman band at about 1390
cm.” ! in the spectra of all the alde-
hydes they measured. If the above
assignment is correet, this band should
therefore appear at about 2770 cm.” 7,
and not 2820 cm."? as it does in the
case of the benzaldehydes. Even if it
is assumed that the original C—H
stretching frequency has here a value
of about 2770 em.™!, bringing about a
Fermi resonance which “kicks apart”
the two frequencies to 2730 and 2820
em. 1, it is still difficult to explain the
behavior of the bonded benzaldehydes
with this assignment. This behavior
is strange, because as can be seen from
Table II the 1380 to 1390-cm.™ band
is not affected appreciably by the hy-
drogen bond—e.g., 4-chlorobenzalde-
hyde, 1389 em.™!; 2,4-dihydroxybenz-
aldehyde, 1390 em."l—and its over-
tone should therefore occur in the
bonded aldehydes at the same fre-
quency—i.e., at about 2770 om.7%
Hence either the two frequencies of
2730 and 2820 em.~! should remain,

here also, normal (if there is no in-

crease in the original C—H frequency
in the bonded benzaldehydes), or else
(if this frequency is somewhat higher,
there is definitely no possibility that
such a weak hydrogen bond would

cause a big shift of the C—IH stretehing
frequency) they should cease to inter-
act appreciably and should absorb in
the neighborhood of 2760 and 2830
em. ™! but not as high as found (about
2870 cm.™Y).

It seems therefore more reasonable to
assume that the 2820-cm.™! band is a
combination band formed by the 1380~
to 1390-cm.! frequency and the fre-
quency which appears steadily at about
1455 to 1470-cm.™ in the spectra of all
the aldehydes of Table II and many
aromatic compounds (18). This latter
band is due to some ring vibration (14).
If these two frequencies are added
together, the values given in Table III
are obtained.

Thus if a usual, small negative un-
harmonicity term is applied, the calcu-
lated values of the 2820-cm. ! frequency
agree well with the observed values ex-
cept for the bonded aldehyde (2,4-dichlo-
robenzaldehyde). It may be assumed,
however, that in the bonded aldehydes
the original frequency of about 2730
em.™? rises to about 2800 em.~* and
then interacts with the combination
band at about 2820 em.™? (Fermi res-
onance). This interaction would bring
about a kicking apart of the original
frequencies to the vicinity of 2760 and
2860 cm. ™, respectively, as found.

The 2820-¢cm.™* band probably also
incorporates in various cases other com-
bination bands which add to its inten-
sity. In 3-chlorobenzaldehyde, for ex-
ample, these may be 1383 4 1438 =
2821 em.~1; 1573 4 1279 = 2852 cm. L,

The band at 2800 em.™? in acetalde-
hyde observed by Thompson and
Harris (25) can also be attributed to a
combination of the 1440- and 1370-
cm.™! frequencies.

In a recent paper Eggers and Lingren
(10} report the measurements of light
and monodeuterated benzaldehyde, p-
chlorobenzaldehyde, piperonaldehyde,
and butyraldehyde. In the deuterated
aldehydes the 2730- and 2820-cm.—!
frequencies [their somewhat lower val-
ues for these bands in light aldehydes

Table ill,

Material

Salicylaldehyde
Phthalaldehyde
2,4-Dichlorobenzaldehyde
2,4-Dihydroxybenzaldehyde
2-Naphthaldehyde

3-Chlorobenzaldebyde
3-Bromobenzaldehyde
3-TJodobenzaldehyde

4-Chlorobenzaldehyde

Sum of 1380- and 1440-Cm.~! Frequencies in Different Aldehydes

Frequency
Sum, Observed,
Cm. ™! Cm. !
2844 2830
2844 2830
2843 2870
2851 ..
2804, 2863+ 2815
(2834)
2853 2810
2840 2820
2844 2820
2849 2830

@ There are two bands here which may be taken as the shifted 1380-cm. ! band: one
at 1341, the other at 1400 cm. ~! Both of the possible sums are therefore given and a mean
value of 2834 cm. ! is probably the best to consider.
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seem to be inaceurate (8, 22, and Tables
1, I, and IV)}] disappear and new bands
are observed at 2082, 2035, and 1040
(weak?) in benzaldehyde; 2095, 2045
and 1080 (shoulder) in p-chlorobenzalde-
hyde; 2070, 2025, and 1029 (shoulder)
in piperonaldehyde and at 2180 (weak),
2060, and 1095 cm.~" in butyraldehyde.

These authors assume that: (1) one
of the 2700 to 2800 frequencies is a
formylic C—H bending overtone; (2)
it is in Fermi resonance with the C—H
stretching fundamental; (3) the two
frequencies at 2000 to 2100 cm.™! are
their analogs in the C—D serics;
and (4) the 1029 to 1095-em.~! band
is the C—D bending fundamental.
Assumptions 1 and 2 were considered
above and rejected; assumption 3, al-
though acceptable at first glance, does
not seem to be really sound. Be-
cause the 2180-cm.™! band in butyral-
dehyde is weak, almost exacily double
the 1095-cm. ~* band and removed from
the 2060-cm,™ frequency it can be
taken as sure that practically no Fermi
resonance exists between the two vibra-
tions. Hence the value of the original
C—D stretching frequency in butanal
is also about 2060 ¢m.™* The corre-
sponding frequency i light benzalde-
hyde is 10 to 20 cm.™! higher than in
butanal (21); the original C—D stretch-
ing frequency in benzaldehyde-d- must
therefore be at about 2070 to 2080 cm. 1,
This means that here again there is no
Fermi resonance between the two fre-
quencies (at 2082 and 2085 cm.™Y),
as there is no marked change in the
observed C—D stretching frequency.
(There is, of course, no possibility that
the original frequencies of these bands
are both at about 2070 cm. ~ besause the
higher band would then be expected to
be much higher then 2082 em.™Y).

A similar argument can be advanced
in connection with the bands of p-
chlorobenzaldehyde-d; (at 2095 and
2045 cm.™), which should have a still
higher C—1) stretching frequency, the
corresponding C—H frequency being
5 to 10 cm, ™! higher than in benzalde-
hyde (Table I). Such a rescnance is
excluded in this case also because the
C—D bending fundamental appears
here at 1080 em.™?, which, if such a
resonance existed, should have its res-
onating overtone above 2160 and not
at 2095 cm.”! Piperonaldehyde is
similar to p-chlorobenzaldehyde; its
2070-cm.™! hand must therefore also
be due to a nonresonating C—D stretch-
ing vibration as the 2095-cm.~! band
and not to a resonating vibration which
would imply an unusually low value for
the original C—D stretching vibration.
The band which appears sometimes at
2025 to 2045 cm.~? may be due to some
combination frequency such as 1232 +
790 cm,™! in heavy benzaldehycle and
1220 4- 880 ¢m.™! in p-chlorobenzalde-
hyde [these values are given by Eggers
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and Lingren (10) for strong bands of
the heavy aldehydes].

These authors also questioned the
previous tentative assignment of the
1300-cm. ™" band to an out of the plane
bending of the C—H group (21), on
the ground that many bands are shifted
upon deuteration of aldehydes; hence
the actual vibrations are mixtures of
group frequencies and no such simple
assignment is justified. However, al-
though this band seems to be shifted
from 1289 to 1232 cm.™! in benzalde-

‘hyde and from 1297 to 1220 em,™ in

p-chlorobenzaldehyde (57 and 77 em. ™,
respectively), other bands in this region
are shifted by much smaller amounts—
e.g., 753 to 733, 698 to 685, and 934 to
923. It appears therefore justifiable to
attribute an out of the plane Crormyr—H
bending character to this mode of vibra-
tion, which is affected by the deuteration
much more than most of the other
vibrations.

FURTHER EXPERIMENTS

Badger and Bauer (4) have shown
that a difference of about 35 cm,™? in
the fundamental O—H stretching fre-
quency due to its hydrogen bonding
(Av/v = 0.01) corresponds approxi-
mately to an energy difference of about
1 keal. per mole. This regularity
seems to hold true also for e-halophenols
—e.g., o-bromophenol in carbon tetra-
chloride solution—although here the
hydrogen bond forms an obtuse angle
with the O—H direction and therefore
only part of it would seem to be active
in reducing the O—H frequency. That
this regularity holds in this case can
be seen by dividing the observed dif-
ference in frequency between the
bonded cis-phenol and the unbonded
trans-phenol, which is about 75 em. ™,
over the calculated difference in free
energy, which is about 2.1 keal. per
mole (18). If the same regularity
applies also to the increase of the
Crormyr—H stretching frequency in or-
tho-substituted benzaldehydes, it is
possible to calculate the approximate
amounts of the trans forms in their
carbon tetrachloride solution from its
increase over the unbonded frequency,
according to the equation: N = N,
¢~%"T where N = number of trans
molecules, N, = number of cis. mole-

cules, and F = difference in free energy
between the trans form and the ecis
form. This difference is then equal to
Av/(2730 X 0.01) keal. per mole. If we
take for Av the observed value (21)
in the case of o-nitrobenzaldehyde—i.e.,
2760 — 2730 cm.7! = 30 cm."l—we
get for E the value of 1 kcal. per mole
and N = N, e~ <= (19 N,
This means that about 159, of the
o-nitrobenzaldehyde which is in the
carbon tetrachloride solution is then in
the unbonded trans form. If, however,
we take a Aw of about 70 cm.™?, in
accordance with above assumption of
the occurrence of Fermi resonance
here, we get for £ a value of 2.5
keal. per mole, N = N, e"2wm0 =
0.015 &, and only about 19, is then
“free.” In any case there has to be a
definite part of the aldehyde which
absorbs at the normal frequency of
about 2730 cm.™! It was hoped that
if the bonded aldehydes were measured
under the higher resolving power of a
lithium fluoride prism, they would
show this band. The following alde-
hydes were therefore measured under
the resolution of a lithium fluoride or
calcium fluoride prism (Table IV).

As Table IV shows, no such band was
ohserved, possibly because the amount
of the trans form is too low for its band
to be discerned from the near and
much stronger band of the cis form (9),
especially if the Fermi resonance as-
sumption is correct. It is also pos-
sible that the energy difference between
the cis and trans isomers is much
greater than calculated above, because
the angle which the hydrogen bond
forms with the C—H direction is not
very acute and therefore only a
small part of the hydrogen bond is re-
flected in the increase of the C—H
frequency.

The values of 2730 and 2807 cm.™?
for the C—H frequencies of benzalde-
hyde are in good agreement with the
2732 and 2808 cm.”! given in the
literature (8).

Benzaldehyde was also measured in
solution in various solvents in order to
see whether it changes its Cromyr—H
stretching frequency appreciably with
the nature of the solvent by forming
stronger intermolecular hydrogen bonds
with solvents that can act as strong

Table IV.  Aldehydic C—H Frequencies under Higher Resolution

Cell
Concentration Thickness,
Material in CCL Mm. Prism Bands, Cm.~?
Benzaldehyde 10% 0.1 LiF 2690, 2730 (strong), 2807
(strong), 6

o-Chlorobenzaldehyde 209, 0.05 LiF 2752, 2860 (strong)
o-Nitrobenzaldehyde 0.003 g./cc. 8 CaF; 2760, 2893 (strong)
p-Anisaldehyde 0.005 g./ce. 8 CaFs 2724 (strong), 2796, 2821,

2835 (strong)




proton acceptors. The following re-
sults - were obtained (with a sodium
chloride prism).

In carbon tetrachloride 2730 ¢m.~!
In carbon disulfide * 2730 cm.?
In nitrobenzene 2735 em. ™!
In o-dichlorobenzene 2740 cm,™!

(Undiluteds) 2737 cm. 1

¢ Measured with lithium fluoride prism,

Cinnamaldehyde did not show a big
change in its C—H frequency on chang-
ing its solvent from carbon tetrachlo-
ride (2730 cm.™) to carbon disulfide
(2715 cm. "), 2-Naphthaldehyde
showed its C—H band in anisole or
carbon tetrachloride at 2720 cm.™!
and in benzene at 2710 cm.”l It
seems therefore that the intermolecular
hydrogen bonding in aldehydes, which
no doubt exists (I, 8), is not effective
in changing their C—H frequencies
materially (3), possibly because it is
not strong enough to bring the bonded
groups 50 near one to the other (against
the van der Waals repulsion) as to
effect an ‘appreciable change of the
C—H frequency.

The small changes sometimes ob-
served in changing the solvent are
probably due to usual solvent effects
(27) and could be correlated neither
with its polarizability nor with its
dielectric constant.
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Quantitative Infrared Analyses of Mixtures of
Isomeric or Closely Related Substances

Mixtures of Chlorinated Insecticides

.. R. C. MCDONALD and C. C. WATSON
Dominion Laboratory, Department of Scientific and Indusfrial Research, Wellington, New Zealand

p Differential analysis, an accepted
technique in - ultraviolet spectropho-
tometry, is here applied to the infra-
red analysis of organic mixtures,
Methods are presented for determin-
ing the active pesticide content of
commercial BHC, lindane, DDT, TDE,
and Ovex. Binary mixtures of these
insecticides have also been analyzed
and the procedures are described.
The results of these andlyses indicate
that the active pesticide content can
be determined to on accuracy within
2% of the abundance. The meth-
ods used in these determinations illus-
trate the principle of solvent and solute
compensation.

URING the commercial preparation
D of many insecticidesyinactive iso-
mers and- closely related substances are
formed, together with the active com-
pounds. Thus technical hexachlorocy-
clohexane (BHC) usually contains five
isomers, together with more highly
chlorinated substances (10, 17, 20, 23,
28), while technical dichlorodiphenyl-
trichloroethane (DDT) is a mixture of
the p,p'- and o,p’-isomers of DDT and
other chlorophenyl compounds (8).

Technical dichlorodiphenyldichloroeth-’

ane (TDE) contains both the p,p’-
and o,p’-isomers of TDE; but lindane
and Ovex are relatively pure y-BHC
and p-chlorophenyl-p-chlorobenzene sul-

fonate, respectively. Commercial in-
secticides prepared from these technical
products frequently also contain emulsi-
fying agents, or wetting agents. With
increasing knowledge of the specific ac-
tion of a pesticide, different pesticides
are oftcn mixed to achieve selective in-
seet control, Thus the commercial in-
secticide is a complex mixture of sub-
stances, and the efficacy of the produet
depends upon the amount of each pres-
ent.

This paper describes methods using
double-beam infrared spectrophotome-
try to determine the percentage of
active constifuents in commercial in-
secticides as dusts containing BHC
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Table I.  Analytical and Interfering Peaks

(Analytical peaks underlined. Frequencies expressed as cm.~1)

p,p"-DDT a,p’-DDT 2,p-TDE 0,p’-TDE «-BHC
. . 1015 o
1015 1033,1015 o 1040,1015 .
T893 338 . . 926
807 o 800 . .
777,770 772 765 772 786, 774
. 750 755 748 .
685 - o 685 692

lindane, DDT, TDE, Ovex, or binary
mixtures of these compounds.

The vy isomer content of BHC has
been measured by a variety of methods,
including partition chromatography (10,
26), polarography (/5), with improved
modifications (9, 30, 31), isotope dilution
using chlorine-36 (5) or carbon-14 (13),
cryoscopy (8), dehydrohalogenation
(18), or infrared absorption (7, 20, 21,
95, 33). The chromatographic (10) and
infrared (7) methods have been pre-
ferred {29), although the isotope dilu-
tion method is gaining popularity (14).

Although the chromatographic meth-
ods give good recoveries, the infrared
spectra of the recovered v fractions con-
tain ak least three isomers (29). The v
isomer content of lindane has been de-
termined by polarographic (31), dif-
ferential refractometer (£2), and infrared
methods (16). For the determination
of the p,p’-isomer content of DDT, erys-
tallization techniques (2), dehydrohalo-
genation (84), specific color reactions
(£7), and infrared absorption (&, 11)
have been used, Mixtures of BHC and
DDT have been analyzed by total
chlorine and labile chlorine assay (82)
and by separating the BHC from the
DDT by paper chromatography (22).
DDT and TDE mixtures have been
analyzed by chromatographic tech-
niques (). Infrared absorption meth-
ods have not been reported for these
mixtures.

The single-beam infrared spectropho-
tometers used previously for the estima-
tion of ¥-BHC (7, 20, 21, 25, 83) and
p,p-DDT (8, 11) have marked disad-
vantages for quantitative analysis, be-
cause the experimental precision de-
pends upon a knowledge of the absorp-
tion at the sclected analytical peaks of
each of the components of the mixture,
and this information is rarely available,
Furthermore, as the solvent correction
should be a small proportion of the total
extinction coefficient, thin cells and high
solute concentrations are necessary.
Solute concentration depends upon the
solvent used, and solvents vary consid-
erably in their infrared absorption prop-
erties. A high solute concentration in a
satisfactory solvent is frequently diffi-
cult to obtain. A compromise must be
reached between solvent thickness and

340 + ANALYTICAL CHEMISTRY

solutec concentration, with the result
that in single-beam operation weak
peaks (requiring thick cells and high
concentrations) must be ignored.

With a double-beam instrument and
a variable-length cell the effect of sol-
vent absorption can be eliminated by
compensating at a solvent peak, and
the upper limits of cell thickness and
solute concentration are dictated by the
energy level at the detector. In the
analysis of mixtures solvent compensa-
tion is a great advantage, but an even
greater advantage results if interference
from the other components of the mix-
ture can be eliminated entirely from the
desired analytical peaks (19). The
compensation technique makes it possi-
ble to use any absorption peak of a com-
pound to determine the concentration of
that compound in a mixture, but if the
peak frequency corresponds to that of a
solvent peak, or to a strong peak of one
of the other components, the energy
level can be so reduced that the analyti-
cal precision is effected. The compensa-
tion method, by comparing prepared
solutions of pure insecticides with a
mixture containing the same insecticide,
does not suffer from the limitations at-
tributed to previous infrared methods,
(26) because by suitable adjustment of
the variable-length cell thickness, the
true background adsorption, caused by
possible interfering substances, can be
determined.

APPARATUS AND REFERENCE COMPOUNDS

A Perkin-Elmer Model 21 double-
beam infrared spectrophotometer, linear
in wave number, was used for all de-
terminations.  The instrument was
equipped with sodium chloride lenses,
windows, and prism.

Cells. One Perkin-Elmer fixed-
thickness cell {1 mm.) was used and it
was compensated with a Perkin-Elmer
variable-space cell. The fixed-thickness
cell had a length equal to a reading of

. 1,00 mm. on the vernier of the variable-

length cell. Both cells had sodium
chloride windows.

Carbon Disulfide. Analytical rea-
gent grade carbon disulfide, used as
solvent in all experiments, was spec-
troscopically similar to pure carbon di-
sulfide used by other workers.

§-BHC +-BHC Ovex
1154
1032 ... 1015
926 910 L.
768 776 769
e 741
686 662
REFERENCE COMPOUNDS
Melting Point, ° C.
a-BHC 159-159 .5
sBHC 139-139.5
y-BHC 113-113.5
2,p-DDT 110-110.5
p,p'-TDE 110
Ovex B7-88
0p DDT 74
0,p"TDE 77-78. Sample prepared from
technical TDE (6)
BHC Commereial grade
Lindane Commercial Gammexane
DDT Ether-soluble extract from
commercial 509, dust
TDE Ether-soluble extract from
commercial product
Ovex Ether-soluble ~ extract from

commercial dust

The spectra of these pure compounds,
as solutions were compared where pos-
sible with those already published.

PREPARATION OF SAMPLE SOLUTIONS

The sample was carefully weighed
into a 5-ml. graduated cylinder (with a
polyethylene stopper) and made up to
5 ml. with carbon disulfide at room
temperature (about 20° C.), and the
cylinder was placed in a dark cupboard
until required. This was a necessary
precaution, as the solvent deteriorates
on standing in the light. Solvent loss
from polyethylene-stoppered cylinders
was much less than from ground glass-
stoppered cylinders. After each filling of
the cell, the volume remaining in the
cylinder was measured and noted,
allowing correction to be made for
the small solvent loss that sometimes
occurred when the solutions were kept
several weeks. Compensating solutions
were prepared in 10-ml. stoppered cylin-
ders in a similar manner. Throughout
this investigation concentrations of in-
secticides were calculated on a weight-
volume basis.

RECORDING SPECTRA

With the appropriate instrumental
settings for qualitative or quantitative
work, the amplifier balance, instrument
zero, and 1009, point were adjusted
with no cells in the light beams. In the
quantitative determinations the ampli-
fier balance was altered to give a 0.5 to
1.0% upscale. drift at the zero position
(24). The analytical accuracy depends
upon the precision of the zero setting



and the upscale drift ensures that “zero”
is set with a small definite-energy in each
beam, rather than with practically zero
energy.

The 1.00-mm. fixed-thickness cell
filled with the sample solution was
placed in the sample beam and the vari-
able-length cell (initial thickness 1.00
mm.), filled with solvent or compen-
sating solution, was placed in the com-
pensating beam. Transmittance graphs
were traced with the slit appropriate
to the spectral region and at a scale
of 10 cm. per 100 em~t For each
mixture a preliminary survey spectrum
was recorded to classify the sample
and to deteet any gross impurity or
contaminant.

In caleulating the extinction coef-
ficient of a particular peak, the I, value
was determined by the normal base-line
technique.

CONDITIONS FOR QUANTITATIVE ANALYSES

Absorption Peaks. Carbon disul-
fide solutions of the pure compounds
present in the mixtures were prepared
and from the qualitative survey spectra
of the 1400- to 650-cm.™ region (cells
1.0 mm. thick, concentration 0.5% w./
v.) the absorption peaks suitable for
quantitative work were selected (Table
I). Peaks between 860 and 835 ¢m.™!
were ignored because the solvent ab-
sorption in this region resulted in low
energy conditions. The absorption peak
frequencies of the other compounds ex-~
amined that would interfere with the
suggested analytical peaks or base
lines, are also listed in Table I.

Although interference may not occur
at the actual peak, interference on the
shoulders can affect the base line, and
extinction coefficients calculated there-
from are in error if the base line itself
does not obey Beer’s law (25). It is
therefore evident from Table I- that
Ovex can be determined at 1154 em.™
in mixtures of any or all of the other
components, but that in the measure-
ments of v-BHC in mixtures allowance
must be made for interfereuce at the
910-cm.? peak caused by p, p DDT,
«BHC, or s-BHC.

Instrument Settings. Instrumental
conditions have received scant atten-
tion in the chemical literature, yet for
a particular compound the maximum ex-
tinction coefficient of a peak varies
from instrument to instrument (11).
The significance and amount of varia-
tion have not been stated. In this in-
vestigation attempts were made to de-
termine the effcct of the instrumental
settings upon the extinction coefficient
of the 1015-em.~? peak of p,p-DDT.
A solution of p,p’-DDT in carbon disul-
fide (concentration 0.431% w./v.) in a
1-mm. cell was compensated with the
required thickness of carbon disulfide,
and the spectrum measured in the region
1040 to 990 em, ™. Spectra for quanti-

' tative analysis must be free from ran-
dom variations (electronic noise), and
- this limits the electronic gain which may
be used and thus the power available to
energize the recording servo-motor, By
imposing a sluggish response character-
istic upon the amplifier, high electronic
gain can be tolerated, but the scanning
speed must then be greatly reduced.
With a fixed source current (0.3 am-
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pere) and a fixed slit program, amplifier
damping (response) and amplifier gain
were simultaneously increased, while
speed of wave length scan was decreased.
The extinction coefficient reached a
maximum value with highest gain and
damping together with the slowest
scanning speed.

With these settings, various fixed
(“manual’’) slits were tried and an addi-
tional series of graphs was recorded.
Thus the combination of fixed slit width,
amplifier damping, amplifier gain, and

scanning speed giving the maximum ex-
. 02 4 tinction coefficient was determined. As
3 P A the optimum seanning speed found (150
g °o% minutes per 100 cm.™%) was too slow
o A" . p . . A
7 oo }c for this project, an investigation was
w / made of the effect on the extinetion co-
tom efficient of higher scanning speeds, at
2 the same time adjusting slit widths,
3 038 gain, and damping, to give maximum
5 o extinctions at each of these speeds. The
3 results arc shown in Figure 1.
£ o | In this investigation the speed, 60
“ minutes per 100 cm.™, was used in all
o35 - quantitative runs. The quantitative
2 40 €0 .80 00 o KO conditions were therefore:
Speed, Minutes per 100 cm.
Figure 1. Effect of speed upon extinc- g;?g‘mse Sié' y
0 . _w 2
tion coefficient £ Seanning speed 60 min./100 em. !
: Sfit  Scan Speed, g})lgrce 34;2;% (see below)
C;:;::-- Re- Gai Width,  Min/ l_?o Stray-light Automatically inserted
sponse Gain g Cm. filter 21072 em.*
A 44 8-8% 98 150 '
-3}
g ‘;;3 8 3/2 ,3‘; ;’8 For the qualitative survey spectra in-
D 2/2 &% 120 6 strumental conditions were:
Table 1.  Slit Widths and Base Lines for Selected Analytical Peaks
Compound  Peak Frequency, Cm.~!  Base Line, Cm.~*  Slit Widthe, u
Ovex 1154 1164 to 1130 73
Ovex 1015 1040 to 990 98>
»,p-DDT 1015 1040 to 990 98p
p,p-TDE 1015 1040 to 990 98
op’-DDT 1015 1040 10 990 9B
e H B
o
p,p-TDE 765 778 to 759 200
p,p'-TDE 755 760 to 750 200
0,p-DDT 750 758 to 738 210
0,p’-TDE 685 694 to 672 395

o, True slit width corrected for slit error.

b Where extinction coefficient, E, is greater than 0.6, slit of 110x was used.

Table L.

Concentration of p,p’-DDT

Mean extinction coefficient
(ten determinations)

Range of extinetion coefficienty

Standard deviation, ¢¢

Variation coefficient?

Standa,rd deviation, o, expressed as variation

in peak transmittance, %

o Standard deviation, o, \/2(:;‘_1__")’

o X 160

Instrument Reproducibility

0.2050 0.4310
0.194 0.417
0.191-0.196 0.408-0.425
0.002 0.005

1.1 1.2

0.3 0.4

b Variation coeflicient =

mean extinction coefficient’
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Response 1.1
Gain 6

Scanning speed & min./100 cm, 1
Slit 9650 Automatic

Source 0.3 amp.
Stray-light Automatically inserted
filter at 1072 em.

The extinction coefficient of a particu-
lar peak is also dependent upon the slit
width—narrow slits result in low energy
and wide elits in poor resolution. The
ideal slit widths (giving the maximum
extinction coefficients) for the various
compounds were determined under
quantitative instrumental conditions,
and these and the base lines used in
calculating the extinction coefficients
are listed in Table IT.

The instrumental reproducibility was
determined over one day under quanti-
tative conditions, from replicate trans-
mittance graphs of the 1015-cm.~! peak
of p,p-DDT. Two concentrations were
prepared, and the results of ten meas-
urements for each concentration are
given in Table ITL.

The variation coefficients are some-
what greater than the short-term rela-
tive standard deviations found for a
similar instrument by other authors
(4)—viz,, 0.8%.

COMPENSATION TECHNIQUES

After the concentration of a consti-
tuent, A, of a mixture had been deter-
mined at a particular frequency, Aj, a
compensating solution containing the
same concentration of a pure sample of
A is placed in the variable-length cell
and the peak at ); retraced. If com-
pensation is correct, the graph will re-
cord a continuous background between
the shoulders of A—i.e., between the
two points from which the base line is
normally drawn.  Overcompensation
will be revealed by a peak minimum at
M, and under compensation by the
presence of a small peak at A, In
either case the length of the compensat-
ing cell is suitably adjusted until at M
the absorption of the mixture is elimi-
nated. By tracing a spectral region con-
taining other prominent peaks (As, A,
efc.) of A, the compensation at these
peaks can be checked. Any overcom-
pensation at As, As, ete., indicates the
presence of interference at the original
peak A, used in calculating the zonecen-
tration of 4. By adjusting the varia-
ble-length cell thickness until this over-
compensation is removed, the true ab-
sorption due to A is eliminated from the
trace and the interference at A, can be
measured. The true concentration of
A in the mixture can be calculated from
the corrected extinction coefficient or
from the variable-length-cell thickness
and the concentration of A in that cell.
The foregoing assumes that a relatively
free peak can be used for the original
determination of 4, but if this not pos-
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Table IV, Specific Extinction Coefficients for Reference Compounds

Variation
Frequency, Range of Std. Coefficient,
Compound Cm.— V" Mean k value® k Value Dev. %%
Ovex 1154 0.602 0.650-0.721 0.020 2.9
1015 1.019 1.006-1.042 0.012 1.2
2,2-DDT 1015 0.943 0.915-0.967  0.018 1.9
2,p’-TDE 1015 0.868 0.835-0.894 0.022 2.5
y-BHC 910 0.233 0.223-0.239 0.004 1.8
p,p’-TDE 765 0.666 0.640-0.700 0.015 2.2
755 0.395 0.369-0.429 0.021 5.2%
0,p"-DDT 1015 0.480 . L ..
o,p"-TDE 1015 0.497
0,p’-DDT 750 1.328
0,p"-TDE 748 1.012
0,p’-TDE 686 0.144 -
¢ I (specific extinction coefficient) = E/cI where £ = extinction coefficient—i.e.,

logis Io/I; C = concentration, grams per liter; ! = cell thickness, cm.
® This peak used for approximate values only.

sible the content of A can be assumed
and the procedure similarly followed.

METHODS OF ANALYSIS

Isolation of Pesticides. The com-
mercial insecticides in the form of
dusts were separately extracted with
diethyl ether, the ether was removed,
and the soluble extracts were recovered
and weighed. These extracts were used
in all subsequent work.

¥-BHC Content of BHC. A solu-
tion of BHC (concentration 3 to 5%,
w./v. in carbon disulfide) was pre-
pared, compensated with a solution of
a-BHC (concentration 709, of BHC
concentration) and the spectral region
930 to 920 cm. ! traced under quanti-
tative y-BHC conditions, B-BHC is
insoluble in ecarbon disulfide, and in the
determination of v-BHC only «-BHC
and 5-BHC need be considered. The
thickness of the wvariable-length cell
was then adjusted until there was no
inflection at 926 cm.~! on the graph,
and from the cell thickness the concen-
tration of a-BHC in the sample was
calculated. A solution of «-BHC of
this concentration was prepared, the
variable-length cells (thickness 1.0 mm.)
were refilled, compensation was con-
firmed, and the region 930 to 890 cm. !
was recorded under quantitative -
BHC conditions. From the base line
drawn from 920 to 895 em.™! the ex-
tinction coefficient of the 910-cm.—!
peak was calculated, and hence the
concentration of v-BHC in the sample
determined using the specific extinetion
coefficient of ¥-BHC at 910 em.™?
(Table IV). To confirm the analytical
results, a solution containing both «a-
BHC and v-BHC in the analyzed pro-
portions was prepared and placed in
the compensating cell, and the regions
930 to 890 em.~! and 700 to 670 cm.~!
were traced under quantitative condi-
tions. The y-BHC peaks at 910 and
686 cm.~! should be absent. In the
above analysis it was not necessary to
compensate for the low 6-BHC content.

v-BHC Content of Lindane. One
and 2%, sample solutions were com-
pensated with carbon disulfide and
the y-BHC concentrations calculated
from the extinction coefficients of the

910 cm.™! peaks (region 930 to 890
cm, ). Compensating solutions con-
taining these concentrations of y-BHC
were prepared and the graphs repeated.

0,p’-DDT Content of Technical
DDT. A 0.59%, solution was prepared
and compensated with carbon disul-
fide, and the o,p"-DDT content cal-
culated from the extinction coefficient
of the 750-cm.~! peak (region traced
760 to 735 em.Y). During this deter-
mination if TDE was present in a con-
centration greater than 0.025%, w./v., a
peak was detected at 755 cm. ™!

A compensating solution containing
this determined concentration of o,p’-
DDT was placed in the variable-length
cell and the compensation checked by
retracing the 755- to 745-cm. ™! region.
If necessary, the cell thickness was ad-
justed to give true compensation. The
spectral range 1040 to 990 cm. ! was
then recorded with this ¢,p"-DDT com-
pensation, and from the extinction co-
efficient of p,p’-DDT at 1015 em.~!
(Table IV) the concentration of p,p’-
DDT was calculated. A further com-
pensating solution containing the an-
alyzed concentration of both 0,p’-DDT
and p,p-DDT was prepared and spec-
tral regions 760 to 735 e¢m. ! and 1040
to 990 cm.~! were repeated. If DDX
[1,1-dichloro-2,2-bis  (p-chlorophenyl)
ethylene] was present in the sample,
overcompensation was apparent at 775
em, ™!

2,0'-TDE Content of TDE. The
analysis of TDE is essentially similar
to that of DDT—i.e., 0,p-TDE is
first measured with solvent compensa-
tion, a compensating solution of the re-
quired concentration of o,p’-TDE is
prepared, and the p,p’-TDE content is
measured at 1015, 765, and 755 em.™%
The weak characteristic o,p’-TDE peak,
686 cm.—, requires a solution of 2.0%
concentration, whereas the concentra-
tion of p,p-TDE was measured with a
0.5, solution. The spectral regions
recorded were 700 to 670 cm.™! for
0,p’-TDE, and 1040 cm. to 980 ¢m,™?
and 782 to 742 cm.™! for p,p’-TDE.
Before the p,p-TDE concentration
was measured, the accuracy of the o,p’-



TDE compensation was checked by
tracing the 755- to 745-cm.™! region.
0,p-TDE has a strong peak at 748
em.”!. A compensating solution con-
taining the determined amounts of both
0,p- and p,p’“TDE was prepared and
the graphs were repeated to detect any
extraneous absorption.

Ovex Content of Commercial Ovo-
tran, A 0.5% sample solution with
solvent compensation was analyzed
by tracing the 1170- to 1130-cm.~'and
1040- to 980-cm. ! portions of the spec-
tra. From the extinction coefficients
and the appropriate specific extinction
coefficients at 1154- and 1015- ¢cm.™!
(Table IV) the Ovex content was deter-
mined. A compensating solution con-
taining this concentration of Ovex was
prepared and the graphs were repeated.

The 1154-cm.™! peak given by the
sulfonate group and bis-(p-chloro-
phenyl) sulfone absorbing at 1163 em.™?
could affect the base line, but the pres-
ence of this substance would not rein-
force the 1154-¢m. ! peak. The slope
of the base line is such that the presence
of small amounts of bis-(p-chloro-
phenyl) sulfone would have little ef-
feet on the Ovex assay. The 1015-

em.* peak is characteristic of a p-chlo-:

rophenyl) and at this peak bis-(p-chlo-
rophenyl sulfone) and p-chlorophenol

would interfere. However, by determin- -

ing Ovex at 1154-cm.™* and then com-

pensating for this analyzed concentra-

tion, a graph of any interfering sub-
stances that may be present will be
given and if necessary additional Ovex
peaks, perhaps 1202 or 1083 em, ! used.

Binary Mixtures. In all cases the
analyses should be confirmed by trac-
ing the graph of the original solution
compensated with a solution of the same
thickness containing the determined
concentration of the active constituents.

MixTures CoNTAINING OVEX AND
BHC, Linpang, DDT, or TDE. Mix-
tures containing Ovex were analyzed as
for commercial Ovex—i.e., the trans-
rittance graph of an 0.5%, sample solu-
tion compensated with solvent, was re-
corded in the 1170- to 1130-cm.~? re-
gion, and the Ovex content determined.
If the Ovex contents were found to be
low, the sample concentrations were
increased to give extinction coefficients
at 1154 em.™! greater than 0.2. The
transmittance graphs were then re-
peated. A compensating solution con-
taining the analyzed concentrations of
Ovex was prepared and the Ovex com-
pensation confirmed at 1154 and 741
em. ™!, The compensated solutions were
then analyzed as for commercial BHC,
lindane, DDT or TDE. In the measure-
ment of p,p’-DDT or p,p’-TDE at 1015
cm. " if the total uncompensated ex-
tinction coefficient, E, was greater than
0.6, a wider slit and slower scanning
speed were required (slit 110 microns,
speed 150 minutes per 100 cm. %),

Mixrures Cownrtainine BHC anp
Lixpane, DDT, or TDE. A sample
solution (concentration 3- to 5%) was

prepared, compensated approximately

with a solution of «-BHC (at a concen-
tration about 70% of sample weight),
and the spectral region 930 to 920 cm, ™!
wag traced under quantitative y-BHC
conditions (Table II). By adjusting
the thickness of the variable-length cell
the a-BHC peak at 926 cm.~! was elimi-
nated and the «-BHC concentration in
the sample was calculated. A further a-
BHC solution was prepared and the
cornpensation with this solution con-
firmed, by retracting the 930- to 920-
cm.™! region. With the «-BHC ade-
quately compensated, the mixtures be~
come virtually lindane, lindane-DDT,
or lindane-TDE,

The v-BHC content of BHC-lindane
or BHC-TDE can be measured at 920
cm. ™ once the «-BHC is compensated,
but p,p’-DDT affects the base line at
this peak. Fortunately, v-BHC does not
affect the determination of o,p-DDT
at 750 cm.™?, so with « compensation
the BHC-DDT mixture is analyzed as
a crude DDT—i.e., 0,p’- at 750 cm, ~—
and with o-BHC and 0,p-DDT com-
pensation the p,p’-DDT at 1015 cm.
A compensating solution containing
both a-BHC and p,p’-DDT was then
prepared, and y-BHC measured at 910
em. 7}, In determining the p,p’-TDE
it was necessary to prepare a solution
containing the analyzed concentration

of «-BHC and v-BHC, so that the o,p’-

TDE content could be determined at
686 cm.~!, A very slow scanning
speed (150 minutes per 100 cm.™?)
was essential, and depending upon the
relative concentrations of «-BHC, +-

. BHC, and 0,p’-TDE, it was sometimes

necessary to increase the slit width.
At low coneentrations of TDE it was
not possible to measure the o,p’-TDE
content accurately, even .with these
precautions, and it was necessary to as~
sume an o,p’-TDE concentration and
adjust it to compensate the 748-cm.™?
peak. Additional compensating solu-

‘tions containing both «-BHC and the
determined concentration of o,p"-TDE

were prepared, the compensation was
confirmed by tracing the 755- to
745-cm.™! region, and the p,p’-TDE
was measured at 1015 ¢m.

Mixrures CONTAINING LINDANE AND
DDT or TDE. One per cent solutions
of these mixtures were analyzed as de-
scribed above for BHC-DDT and
BHC-TDE, except that o-BHC com-
pensation was not necessary. The
determination of 6,p-TDE is difficult
in the presence of high concentration
of v-BHC. -

DDT-TDE Mixrure. With a 0.7
% solution of the mixture in the sample
beam, and a 0.4% p,p-DDT solution
in the compensating beam, a gualitative

graph of the 796- to 740-cm.~! region
was recorded. The p,p-DDT content
of the mixture was overcompensated as
intended, and the normal 777-cm.”!
p,p’-DDT peak appeared as a mini-
mum. The thickness of the variable-
length cell was then adjusted until un-
der qualitative conditions there was no
change in the slope of the graph from
790 to 774 cm.~—i.e., no peak or mini-
mum at 777 cm.™  The spectral range
796 to 740 cm.~! was then retraced un-
der quantitative p,p’-TDE conditions
with the variable-length cell (thickness
1.00 mm.) filled with a newly prepared
p,p’-DDT compensating solution, the
concentration being caleulated from
previous compensation experiments.
From this trace the p,p’-DDT compen-
sation can be confirmed, and the p,p’-
TDE content calculated from the 765-
em.”! peak, A further compensating
solution containing the determined
amounts of both p,p’-DDT and p,p’-
TDE was prepared and the 796- to
740-cm., ™ trace repeated.

Results, From the measured ex-
tinction coefficient of a particular
peak of a mixture, and the specific
extinction coefficient of the pure com-
pound at that peak, the concentration
of the compound in the mixture can be
calculated. The accuracy with which
the specific extinetion coefficient can be
measured is therefore s major factor in
determining the over-all accuracy of the
results that could be obtained. The
specific extinction coefficients found for
the pure insecticides are given in Tahle
IV. The results in Table IV indicate
that an accuracy within 2%, is attain-
able.

The active isomers present in the mix-~
tures are separately listed; thus the -
BHC contents of BHC and BHC mix-
tures appear in Table V, whereas the
p,p-DDT contents of the BHC-DDT
mixtures are listed in Table VIII with
the p,p"-DDT content of DDT. For
each analysis the mixture is considered
as a technical insecticide adulterated
with another insecticide, which is iden-
tified in the tables as a diluent. In Table
V DDT is the diluent of 2 BHC-DDT
mixture, whereas in Table VIII BHC is
the diluent of the same BHC-DDT mix-
ture. In each case the active-isomer
content was calculated as a percentage
of the technical insecticide as defined
above, so that the results—for example,
4-BHC in BHC or BHC mixtures—are
strictly comparable.  With efficient
compensation the analysis of mixtures
becomes the simple assay of a particular
insecticide. Thus it is permissible to av-
erage all the results found and derive a
standard deviation from these results.

¥-BHC Content of BHC and BHC
Mixtures. LiNDANE AND LINDANE
MixTuRE. Previous workers (7, 33)
have measured the y-BHC concentra-
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tion in BHC at the 845- or 686-cm.™!
peaks and have ignored the weak peak
at 910 em.™!, Carbon disulfide ab-
sorbs ab 850 cm. 71, so with 1.0-mm. cells
this solvent is unsatisfactory if the 845-
em. ! peak: is to be accurately measured
(21). While the potassium bromide re-
gion has been proposed for measuring
the v-BHC eontent of technical BHC
(21), no particular advantage accrued,
using this peak for mixtures. The 483-
em.~! v peak is a particularly broad
peak, and marked base-line interference
resulted from the presence of «-BHC,
2,p"-DDT, or 0,p"-DDT. «-BHC hasa
major peak at 692 cm.~!, and with the
high concentration of «-BHC in tech-
nical BHC, this peak interferes consid-
erably with the y-BHC peak at 686
em.™t,  With «-BHC compensation this
latter peak can be used, but the results
that have been obtained are not en-
tirely satisfactory, and under extreme
low energy conditions have been falla-
cious. ¥-BHC was measured at the
910-cm."! peak. The ~-BHC con-
tents of BHC and BHC mixtures are
listed in Table V, and only solvent and
a-BHC were compensated in analyzing
BHQG. The & isomer of BHC does not
materially affect the 922-¢cm. ~! shoulder
of the 910-cm. ? peak.

Analyses of lindane and lindane mix-
tures are similarly tabulated in Table V.
BHC-lindane mixkures have also been
analyzed, and the results confirm those
already found for vy in BHC and 4 'in
lindane (Table VI).

0,4'-DDT Content of DDT and
DDT Mixtures. The measurement
of the 0,p’-DDT contents of DDT mix-
tures at the 750-cm. ! peak has not been
previously described, although the 1037-
em. ™" peak has been used (17). While
the determination of the o,p’-content
need not be highly accurate, because
compensation is always subsequently
checked, the results in Table VII indi-
cate a reasonable accuracy.

In mixtures of DDT and TDE, o,p’-
DDT was not successfully measured if
the TDE content was greater than the
DDT content.

Table VIII lists the percentage of
p,p’-DDT found in DDT and the DDT
mixtures when the solutions were ade-
quately compensated and the p,p’-DDT
was measured at 1015 em. . The 807-
em. ! peak used previously (11) for the
measurement of p,p’-DDT is unique to
p,p’-DDT, but the base line drawn
between the adjacent minima does not
represent the true base line. For this
reason the basic requirement, that the
base line obeys Beer's law (25), is not
satisfied, and this peak is not recom-
mended.

2,0’-TDE Content of TDE and TDE
Mixtures. The measurement of 0,p'-
TDE at the weak 686-cm. ! pesk gives
an approximate rather than accurate

344 e ANALYTICAL CHEMISTRY

Table V. +-BHC Content of Mixtures
(Measurements at 910 cm. 1)

BHC Diluent
Componentas of Concen., Conen., Compensation
Mixture % o Conditions y-BHC, %
BHC 2.690 C8;, «-BHC 10.3
3.114 CB,, «-BHC 10.0
4.106 . C8,, a-BHC 9.5
BHC and TDE 2.280 0.441 C8,, «-BHC 9.6
5.829 0.264 C8;, «-BHC 9.6
BHC and DDT 2.477 0.562 C8;, a-BHC, p,p’-DDT 9.4
1.885 0.206 CS,, a-BHC p,p’-DDT 9.7
BHC and Ovex 2.757 0.463 CS,, «-BHC, Ovex 9.7
4.199 0.277 CS;, «-BHC, Ovex 9.6
Mean 9.7
Standard deviation, o 0.3
Variation coefficient 3.0
Lindane
Concn.,
°
Lindane 0.440 CS, 97.9
1.036 CS. 08.6
1.163 C8, 08.3
1.998 CS, 97.7
Lindane and Ovex 0.271 0.340 C8S,, Qvex 101.0
0.620 0.310 C8,, Ovex 99.5
Lindane and TDE 0.175 0.369 CS, 99.5
0.431 0.172 CS, 100.5
Lindane and DDT 0.342 0.577 C8,, p,p-DDT 100.7
0.414 0.247 CS,, p,p’-DDT 99.8
Mean 99.3
Standard deviation, o 1.2
Variation coefficient 1.2
Table VI. 4-BHC Content of BHC and Lindane Mixtures

~ BHC Content,

y BHC

Caled. from Table V, Found,

Mixture Lindane, 9%, BHC, % A %  Recovery, %
A 0.276 1.426 0.412 0.420 101.7
B 0.355 0.937 0.443 0.448 101.0
Table Vil. o,p’-DDT Content of DDT and DDT Mixtures

(Measurements at 750 em.™")

DDT Diluent
Components of Conen., onen., Compensation  0,p-DDT in
Mixture % Conditions DDT, 9,

DDT 0.375 CS: 17.5
0.456 CS, 17.6
0.539 CS, 17.9
DDT and BHC 0.206 4.885 C8;, a-BHC 18.8
0.562 2.477 C8;, o-BHC 17.3
DDT and Ovotran 0.433 0.214 CS,, Ovex 18.0
0.308 0.449 C8,, Ovex 16.3
DDT and lindane 0.247 0.414 CS; 16.3
. 0.577 0.342 C8, 15.5
DDT and TDE 0.543 0.244 C8s, p,p’-DDT 17.6
Mean 17.4

Standard
deviation o« 0:8

Variation
coefficient 4.6

value of the o,p’-TDE content, but from
this result compensating solutions can
be prepared and the compensation ean
be checked at the much stronger 748-
cm. ! peak. Table IX summarizes the
results obtained.

It was not possible to determine o,p’-
TDE in the presence of high concentra-
tions of BHC or lindane. The percent-

ages of p,p'“TDE found in the mixtures
are listed in Table X.

Ovex Content of Commercial Ovo-
tran and Ovotran Mixtures. The
results obtained in the determination
of Ovex are summarized in Table XTI,

DISCUSSION
Double-beam instruments have not



Table VIll. p,p’-DDT Content of DDT and DDT Mixtures
(Measured at 1015 ¢m. 1)
DDT Diluent

Components of Conen,, Conen., Compensation p,p-DDT
Mixture % A Conditions in DDT, %,
DDT 0.240 . CS,, 0,p-DDT 82.3
0399 .. CS,ep-DDT 82.2
0.456 . CS,, 0,p"-DDT 81.7
DDT and BHC 0.259 4.820  CSy 0" -DDT and o-BHC 77.9
0.563 2.477 CS8y, 0,p-DDT and «-BHC 78.6
DDT and lindane 0.247 0.414 C8s, 0,p’-DDT 81.8
0.577 0342  CS, 0p-DDT 78.7
DDT and Ovex 0.308 0.458  CSs, 0,p"-DDT and Ovex 78.3
'0.433 0.214 C8;, 0,p’-DDT and Ovex 82.0
DDT and TDE 0.307 0.433 By compensations 80.3
0,543 0.244 80.1
Mean.® 80.4
Standard deviation, o 1.6
Variation coeflicient 2.0

¢ Calculated from concentration of p,p’-DDT and variable-length-cell thickness
(see text).

Table IX. . o,p"-TDE Content of TDE and TDE Mixtures
{Measured at 686 ¢m.—1)

" TDE Diluent
Con}\gpnents of Concn., Conen., Compensation 0,p"-TDE in
Mixture [ % Conditions TDE, %
TDE 1.548 . C8. 20.2
-1.734 CS, 22.9
2.002 CS, : 22.0
TDE and lindane 1.033 2.376 C8,, v-BHC L..e
2.376 1.033 C8s, v-BHC 21.2
TDE and Ovex 1.064 1.988 C8;, Ovex 24.0
1.969 1.091 C8q, Ovex 21.4
TDE and DDT 0.810 1.766 C8., p,p"-DDT 15.2b
1.270 0.904 C8y, p,p-DDT 19.7
Mean . 21.6
Standard deviation, ¢ 1.2
Variation coefficient 5.5
* Extreme low energy conditions.
¥ Notincluded in mean.
Table X. p,p’-TDE Content of TDE and TDE Mixtures
(Measurements at 765 em. ! unless otherwise stated)
TDE  Diluent p,p'-TDE
Components of Conen., Conen., * Compensation in Crude
Mixture A 9, Conditions TDE, %
TDE 0.332 e CS, 0,p"-TDE 71.3
0.429 . C8s, 0,p’-TDE 68.0
0.574 . S, 0.p-TDE 69.1
TDE and ovotran 0.271 0.540  CSy, 0,p’-TDE and Ovex © 728
0.556 0.278 C8,, 0,p"-TDE and Ovex 67.3
TDE and BHC 0.264 5.8329 C8,,0,p-TDE «-BHC, +-BHC 71.0°
0.441 2.278  CB, 0,p-TDE a-BHC, v-BHC  68.6°
TDE and lindane 0.178 0.431 CS,0,p"-TDE and +-BHC 68.0
0.369 0.175 C8,0,p-TDE and +~-BHC 67.7
TDE and DDT" 0.244  0.543 CS. p,p-DDT 65.0°
0.433 0.307 C8;, p,p’-DDT 68.2
Mean 69.2
Standard deviation o 1.9
Variation coefficient 2.7

¢ Caleulated from extinction coefficient at 1015 cm. 7!, making allowance for impurity
absorbing at 1015 em, 2
® Not included in average.

been extensively used for quantitative
analysis, and there have been no re-
ports of their use in the analysis of in-
secticide mixtures. Although the inher-
ent reproducibility of the Model 21 is
less than that of the Model 12 (4), the
advantages of double-beam operation
used in conjunction with a variable-
length cell more than compensate for
this defect. By the techniques de-
scribed, it is possible to demonstrate
that the result obtained from the deter-
mination of a particular pesticide in a
mixture is, within the limits of the ex-
periment, the true result. This is
achieved by preparing a solution con-
taining the determined concentration of
the pure pesticide and recording the
graph of the mixture compensated with
this solution. The results given in this
paper have in the main been confirmed
by this method. The limit to this com-
pensation technique is the difficulty of
precisely preparing a multicomponent
compensating solution, but it is hoped
to overcome this problem by using two
or more compensating cells in the com-
pensating beam.

In selecting the analytical absorption
peak to be measured, a peak unique to
the compound is preferable, more for
maintaining a reasonable energy trans-
mittance through the sample, than be-
cause of the complicated assumptions
necessary to determine the true result
(7, 20, 25). Although it is possible to
compensate any number of interferences
in a double-beam instrument, if the en-
ergy in both beams is too greatly re-
duced, the balance point becomes vague,
and analytical precision is lost.

The principle of differential spectro-
photometry has been applied here to the
analysis of insecticide mixtures, but it
has much wider possibilities. The ex-
periments conducted to establish the
optimum operating conditions and the
reproducibility, and the description of
compensation techniques are applicable
to the analysis of any solvent-soluble
organic mixture. Given pure samples
of the substances sought, a 1-mm. fixed
thickness cell, a variable-length cell, and
a double-beam infrared spectrophotom-
eter, such mixtures can be analyzed and
the desired substance determined to an
accuracy within about 2% of the abun-
dance. Thisis achieved by eliminating
from the graph of the mixture all the
peaks characteristic of the desired sub-
stance. The resultant graph is the
graph of all the other components of the
mixture and inspection of this graph in-
dicates the background absorption of
these components at the desired analy-
tical frequencies. In this manner ana-
lytical peaks can be chosen to coincide
with positions of nil absorption in the
background, or the background absorp-
tion at these frequencies can be used as
a correction.
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Tuble XI. Ovex Content of Commercial Ovotran and Ovotran Mixtures
(Measuremant at 1154 cm. 1)

Ovex

QOvotran Diluent Content of

Components of Conen., Conen., Compensation Commercial

Mixture % % Conditions Qvotran, %
Ovotran 0.253 CS, 04.9
0.351 CS, 96.0
0.355 CS. 98.5
Ovotran and BHC 0.277 4.200 C83. 100.2
0.463 2.757 C8, 99.5
Ovotran and lindane 0.340 0.271 C8, 94.5
0.310 0.620 CS. 94.7
Ovotran and DDT 0.214 0.423 CS. 97.1
0.449 0.309 C8. 99.3
Ovotran and TDE 0.278 0.556 C8, 98.7
0.540 0.271 C8. 95.1
Mean 97.1
Standard deviation, ¢ 2.4
Variation coefficient 2.5
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Determination of Traces of Ketone in a

Carbinol by Differential Infrared Analysis

W. H. WASHBURN and F. A. SCHESKE
Abbott Laboratories, North Chicago, Il

B A simple infrared analysis designed
for determining small omounts of
ketone is described. The differential
method is employed as a means of
increasing sensitivity to the extent that
ketones in the range from 0.1 fo 1.0%
may be determined with an accuracy
of £0.02%, and with a pracision of
+0.01%. Amounts as low as 0.03%,
can be detected. The analytical band
employad is the intense ahsorption
at 5.93 microns, which is characteristic
of the corbonyl stretching vibration.
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THE DETECTION and determination
of small amounts of ecarbonyl
compounds is a problem of general
interest. Classical chemical methods
are often time-consuming and may
require considerable sample prepara-
tion (4, 6). In these laboratories it was
found desirable to determine small
amounts of an intermediate, ethyl
chlorevinyl ketone, which might occur
in B-chlorovinylethinylethylearbinol [a
nonharbiturate  hypnotic, ethchlor-
vynol (Placidyl)]. Differential analysis

by infrared absorption provided a sim-
ple and precise method for this in-
vestigation. The method appears to
be generally applicable to the deter-
mination of carbonyl impurities.
Differential analysis, an approach to
the determination of trace components,
is especially adapted to the use of
double-beam instruments. The solvent
and pure major component are placed
in the reference beam, with the solvent
and test sample in the sample beam,
The resulting tracing, under ideal
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Figure 1. Comparison of standard Figure 2. Differential determina-

and differential techniques in de-
tecting presence of ketone in
ethchlorvynol

conditions, is a composite spectrum of
the impurities present in the sample.
Robinson (?) and McDonald (5) de-
scribe and evaluate the differential
method, and discuss the techniques
involved. Subsequent publications by
Bard, Porro, and Rees () on the deter-
mination of catechol and resorcinol in
hydroquinone at the 0.19 level and by
Freeman (3) on the determination of
allethrolone in allethrin in the range
from 0.05 to 2.5%, illustrate the method
as applied to specific analyses.

EXPERIMENTAL

The qualitative spectra on the pure
ethchlorvynol and the ethyl chloro-
vinyl ketone were obtained using a
Perkin-Elmer Model 21 double-beam
infrared spectrophotometer. This in-
strument was also used for all quanti-
tative measurements.

The strong band at 5.93 microns,
which is due to the C=O0 stretching
vibration, was chosen as the most
typical of the ketone. A working
curve was plotted of absorbance vs.
concentration in the range from 0.01
to 1.09% of the ketone in ethchlorvynol.
The relationship was found to be linear
throughout the range, with no individual
variation of more than 0.019%, from the
mean value.

Procedure. Transfer a standard
solution of 259, ethchlorvynol in chloro-
form to each of two 0.50-mm. sodium
chloride cells. Place the cells in
position, and with the source set at
full energy, slits at 0.165 mm., wave
length at 5.93 microns, and pen ad-
justed to rest at 0.250 absorbance
unit on the paper, set the gain to give
a single 39, overshoot in response to a
20% deflection introduced into the
sample beam. Now scan the interval
from 5.6 to 6.1 microns at a rate not
exceeding 3 minutes per micron. Fill
the sample cell with a 25%, solution of
the test sample and superimpose a scan

tion of ketone in ethchlorvynol at
two levels

Table I. Results of Analyses on Syn-
thetic Blends
Ethyl Chlorovinyl Ketone, %
Sample Known Found
1 1.0 0.997,0.982
2 0.9 0.916,0.911
3 0.75 0.756,0.759
4 0.50 0.505, 0.508
5 0.20 0.207,0.210
6 0.10 0.092,0.107

from 5.6 to 6.1 microns. Reverse the
solutions but not the cells and scan
again from 5.6 to 6.1 microns, super-
imposing this scan over the two pre-
ceding runs.

Measure the total absorption at 5.93
microns and refer this value to a pre-
viously established working curve.
Identity may be established by compar-
ing the absorption band contours to a
standard.

DISCUSSION

By the conventional approach (Figure
1), in which the reference cell contains
only solvent, it is difficult to distinguish
pure ethchlorvynol from that containing
1% of ketone. The differential ap-
proach, however, achieves a surprisingly
sharp separation of the ketone absorp-
tion at 5.93 microns. Figure 2 shows
typical determinations for ketone at
1.0 and 0.1%, levels.

Table I shows the results obtained
on several synthetic mixtures of known
ketone content in ethchlorvynol. The
duplicate results at each concentration
represent one synthetic blend. Results
on the synthetic mixtures show that the
accuracy in all cases is better than
+0.029% and that the precision in all
cases is better than +0.019%,.

The importance of instrumental oper-
ating conditions, particularly those

factors employed to compensate for the
large loss of energy in differential
analysis, such as increasing slit widths
and energy to source, are well explained
elsewhere (5, 7). However, it should be
emphasized that, in order to obtain high
precision, it is necessary to duplicate
gain or sensitivity carefully, and to
limit the rate of scan as described.

It is not necessary to match the cells
exactly, because in making this deter-
mination, differences in cell thickness
are eliminated by running the unknown
in the sample cell against the solvent
plus major component in the blank cell,
and then reversing solutions to the
opposite cells. This operation simul-
taneously expands the scale by a factor
of 2.

Inasmuch as the differential method
is much more subject to error due to
small amounts of interfering substances
than is the standard approach, typical
trace materials were added to ethchlor-
vynol of known ketone content to de-
termine what effect these might have on
the determination. None of these added
substances introduced an error of
greater than 0.19,. The effects of
interferences in this determination can
be greatly reduced by noting the
deviation of the pen from an absorbance
of 0.250 unit at the start of the scan,
and subtracting this amount from the
total absorption at 5.93 microns. This
type of correction assumes linearity of
interference throughout the scan and
is in effect, applying the theory of the
base line measurement.

In differential analysis, Beroza (2)
stressed the advisability of using a
reference standard as close to the com-
position of the unknown as possible.
This is advisable in many cases, but no
effort was made to match composition
of the unknown in this instance, because
variation in the major component
amounts to no more than 5%, and the
interferences encountered in the trace
impurities are not serious.
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X-ray Absorption Edge Spectrometry

as an Analytical Tool

Determination of Molybdenum and Zinc

ROBERT E. BARIEAL

California Research Corp., Richmond, Calif.

» By using the continuous x-ray radia-
tion from a copper x-ray diffraction
tube, in combination with a modern
x-ray spectrometer, it was possible to
make x-ray absorption measurements
on materials as a function of monc-
chromatic wave length. By making
measurements near, and on each side
of, an absorption edge, a specific ele-
mental scheme of analysis is possible
for the element characterized by the
edge. The method is independent of
the other atoms present, specific and
nondestructive. At the higher concen-
trations, the method is preferred to x-
ray fluorescence because of the ab-
sence of a matrix effect. It is not as
sensitive as fluorescence at the trace
level. Calibration equations and meth-
ods of measurement are presented for
the determination of molybdenum ard
zinc. The cbsorption technique has
been successfully used for determining
molybdenum and zinc in liquid hydro-
carbons, lead and bromine in engine
ccmbustion chamber deposits, and
molybdenum, nickel, and platinum in
solids.

RJ»:CENT IMPEOVEMENTS In  X-ray
equipment for elemental analysis
have mainly been applicable to flucres-
cence. However, the determination of a
set of working curves for the analysis
of & multicomponent system by means
of x-ray fluorescence is tedious and time-
consuming, because there is a matrix
effect—i.e., the response of an element
depends not only on its own concentra-
tion but also on the other elements pres-
ent. This is not a particular hardship
if the samples to be analyzed are all
of the same type-—for example, prodic-
tion samples. But in a research an-
alytical laboratory, all kinds of samyles
must be analyzed. In some cases,
wet chemical methods are used becaase
this is more economical than establish-
ing the x-ray flucrescent working curves
for the system.

A scheme of analysis, based on the
ciscontinuity in the x-ray mass abscrp-
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Figure 1.
on liquids

tion coefficient at an edge, is known to
be free of any matrix effect. This
method was first developed by Glocker
and Frohnmayer (4) over 30 years
ago. Liebhafsky (6-11) has written
several reviews covering the latest work
in this field. Liebhafsky and Winslow
(12) have written the most recent re-
view. Hughes and Hochgesang (5)
have demonstrated the feasibility of
the method in the determination of
tetraethyllead in gasolines. Ferro and
Galotto (3) have used absorption spec-
trometry across the Lin absorption
edge of lead for determining tetra-
ethyllead in gasolines. The author
has applied the absorption edge tech-
nique, using a modern x-ray goniom-
eter, and this paper is a report of
his initial work using this method.

EXPERIMENTAL APPARATUS AND TECHNIQUE

The x-ray source used was a copper
target x-ray tube. By mounting a
single crystal of lithium fluoride at
the center of the goniometer of a North
American Philips x-ray diffractometer,

Apparatus for making x-ray absorption edge measurements

the diffractometer becomes an x-ray
spectrometer; and measurements may
be made at continuously variable wave
lengths. Ordinarily, the characteris-
tic copper K, x-ray is used to deter-
mine diffraction patterns of powdered
materials. However, every x-ray tube
also generates a continuous background
of x-rays up to the maximum energy of
the x-ray tube voltage. Exploratory
measurements showed that there was
sufficient x-ray intensity of the con-
tinuous background wave lengths to be
useful. The resolution of the spectrom-
cter was such that the width at half
maximum of the copper K, x-ray was
0.06° to 0.07° of 26, which corresponds
to 0.149 of the energy of the copper
x-ray.

Figure 1 shows the arrangement
used to make absorption edge meas-
urements on liquids containing molyb-
denum.

The liquid sample holder was con-
structed by cementing two beryllium
windows, 0.010 inch thick, to a glass
cell made from tubing approximately



Figure 2.
ments on solids

0.75 inch in diameter and 0.62 inch long.
A similar cell was constructed for mak-
ing measurements on liquids containing
zine, except it was only 0.16 inch long
to compensate for the increase in ab-
sorption at the higher wave length. The
liquid sample holder was made to fit the
holder of the usually used divergent slit.
The ordinary Soller collimators were re-
tained behind the sample and behind the
detector slit. During the measurements
a piece of brass sheet I mm. thick was
mounted vertically to shield the oper-
ator from scattered radiation.

Figure 2 shows the experimental ar-
rangements used to make x-ray absorp-
tion edge measurements on solids.

In analyzing hydroformer catalyst (8
to 109, Mo0O;), the catalyst is ground in
a mechanical mixer and grinder for at
least an hour, and then 1 gram of solid
is pelleted into a l-inch briquet, which
is then placed in the rotating sample
holder shown in Figure 2. The use of
the holder tends to reduce the effect of
inhomogencitics in the sample.

The rotating holder is commercially
available and is  manufactured for
mounting in the center of the diffrac-
tometer, so that powder samples may
be rotated during the recording of x-
ray diffractions patterns. It was easily
adapted to absorption measurements.

The sample, either liquid or solid,
can be placed in the x-ray beam either
between the x-ray tube and the analyz-
ing crystal or between the analyzing
crystal and the detector. The former
arrangement was used, as it was felt
that under such conditiors it would be
much less probable that any of the scat-
tered radiation would reach the detec-
tor.

Figure 3 shows the x-ray absorption
spectrum of a liquid hydrocarbon con-

Apparatus for making x-ray absorption edge measure-

taining molybdenum. The intensity of
the transmitted beam is shown as a
function of x-ray wave length. A
sudden change in absorption occurs at
0.620 A., the K absorption edge of
molybdenum. Each element has its
own characteristic A absorption edge.
The wave length at which a sudden
change in absorption occurs can thus
be used to identify an element present
in a sample, and the magnitude of the
change can be used to determine the
amount of the particular element
present.

THEORETICAL CONSIDERATIONS

The fundamental transmittance equa-
tion for monochromatie, collimated x-
rays is

I/I, = exp (—ut) = exp (—uyG) (1)

where 7 is the intensity of the beam
after passing through the sample, I,
is the intensity of the beam with the
sample removed, u is the linear absorp-
tion coefficient, ¢ is the thickness in
centimeters, p is the density of the
sample in grams per cubic centimeter,
s = p/pis the mass absorption coeffi-
cient, and G = pf in the mass thickness
of the sample in grams per square
centimeter.

If transmittance measurements are
made on each side of an absorption
edge and extrapolated to the edge,
there results

In (1y/I)" = unG (2)
and
In (Io/I)" = ugG (3)
and, if there is no discontinuity in the
primary beam,
In(I"/I") = (uy — pw)G (4)

where (I,/I)’ is the extrapolated value
on one side of the edge and (I,/I)"
is the extrapolated value on the other
side of the edge. wyr and uyr are the
two extrapolated mass absorption coeffi-

cients of the sample at the edge.

The mass absorption coefficient of
any material is given by

wye = pan Wi+ paeWa + pans Vs + .. (5)

where wy, is the mass absorption coeffi-
cient of element 1 and W, is its weight
fraction; puy, is the mass absorption
coefficient of element 2 and W is its
weight fraction; and so on for all the
elements present. Because only one
element, say 1, has a change in mass
absorption coefficient at the edge,
there results
By = M_(n”'l +

paeWo + wsaWs + .. (6)
wyt = panWh + W, +

wesWs + .. (7)

and
(usr — wi) = (s — w3 W

and the following relationship is finally
obtained (6):

InI"/I" = (pay — wi) WiG (8)

Then the important result is obtained
that the logarithm of the ratio of beam
intensities on the two sides of an absorp-
tion edge depends only upon the change
in mass absorption coefficient of the
element characterized by this edge
and on the amount of the characteristie
element in the beam. The ratio of
transmittances at the edge is indepen-
dent of the other elements present—
i.e., there is no matrix effect This
result gives the absorption edge tech-
nique an advantage over x-ray fluores-
cence analysis in some cases.

Instead of making a series of meas-
urements and extrapolating to the
edge, it was decided for the sake of
speed to make only a single attenua-
tion measurement on each side of the
edge. The theoretical equation for
this case is derived in the following
manner (8):

We have
InI;/I" = pyG 9)
and
InI5/1" = pyG (10)

where the primes and double primes
distinguish measurements on each side
of the edge.
myr = maeWi + piaWe + pinWa + .. (11)
whe = w4 wlnWe +
s + .. (12)
It is assumed that only element 1

has a discontinuity in absorption be-
tween the two measurements, and that
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Scale 16.
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X-ray absorption spectra of hydrocarbon containing molybdenum

Liquid path length 1.605 cm. 35.0 kvp. 11.0 ma. LiF crystal.
Time 4. Scanning rate !/ ° (2 @) per minute

No divergence slit,

Filled sample cell

the mass absorction coefficients of all
other atoms change by the same
factor when the measurement is changed
from one side of the edge to the cther.
That is, it is assumed that

B/ Bl = Kin/bas €tC. =

k= ("N (13)
where A’ and 2" refer to the two wave
lengths &t which the measurements

are made and a is a constant. Then
InIg/I" =

(paaWi+ pstsWa o+ pasWe + . )G (14)
inlg/I" =

(i Wy + kpsWe + kpiaVa + . )G (15)

Multiplying the first of these equa-
tions through -y k and then subtracting,
there results

InIg/I" — kInlg/l' =
(w3, = kus)W.G - (16)
or
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W, =
T =0 (InIg/I" — kInlg/I’)
(f‘.ll. Af‘l’ll‘) '

an

In so far as all elements do not have
exactly the same value of &, or a, this
method is not completely independent
of the other elements present. How-
ever, for practical purposes the results
are independent of the matrix.

EXPERIMENTAL RESULTS

ditions are listed in Table I. During
the molybdenum determinations, the
x-ray tube was operated at a peak
voltage of 35.0 kv.; during the zinc
determinations, the peak voltage was
17.0 kv. Under these conditions, it
was impossible to generate harmonics
of the characteristic absorption edge.
This ensured that when the analyzing
crystal was set to reflect at the edge,
a single monochromatic beam would be
detected, no A/2 wave lengths being
generated in the x-ray tube.

The detector was an argon-filled,

The experimental instrument con-  chlorine-quenched Geiger tube. Thein-
Table I. Experimental Conditions
Molybdenum Zinc

X-ray voltage, kvp. 35.0 17.0

Detector slit, inch 0.003 0.003

Scatter slit 1/30° 1/4°

26 values 17.00° and 18.25° 36.75° and 37.25°
Iiquid cell path length, em. 1.605 0.403

Monochromator LiF LiF




tensities were measured by scaling for 64
seconds with the mechanical register on
a scale of 64, giving counts per second
directly on the mechanical register.
This was usually repeated three times
on each intensity to be measured. The

total number of counts was always’
greater than 10,000. All counting rates

were corrected for coincidence losses by
means of the relation (2)

2/y =exprz (18)

where « i8 the true counting rate, y is

the observed counting rate, and + is -

the effective dead time. The effective
dead time was determined with a spe-
cial device constructed for this purpose
(7). The effective dead time was 265
microseconds during the molybdenum
measurements and 200 to 300 micro-
seconds during the zinc measurements.
The results for the zinc determinations
indicated there was some variation of
dead time with count rate. This was
taken into account in the corrections.

Table 1. Ratio of Mass Absorption

Coefficient at 17.00° (26) to Coeffi-

cient at 18.25° for Various Pure
Substances

_ (7\17.00“)
N2

Material
Graphite
Wax
Iso-octane
Mixed xylenes
Water
Alumina
Sulfur
Calcium oxide

inc
Lead oxide +
starch

© ococoooooe
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RERVREBSE
FORRE R =
© cocoooooo
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If the sample does not contain molyb-
denum or zine,

Infg/I" —kInI{/I' =0 (19)
and

I
= mIr (20)
By making measurements on pure ma-
terials on each side of the edge, %,
and thus g, may be determined.

Table II gives the values of % for
various pure substances determined
experimentally across the molybdenum
k edge. The measurements on liquids
were corrected for the attenuation of
the beryllium windows. The uncer-
tainty for each k value was caleulated
assuming the uncertainty in intensity

. measurements was 1%,.

The values
of a, in Table 11, were calculated from
the defining formula, £ = (A"/A).°
From the & values listed, £ = 0.91
was selected for measurements on
molybdenum in liquid hydrocarbons
and £ = 0.83 for measurements on
molybdenum in alumina-type catalysts
—e.g., hydroformer catalyst.

In the case of the zinc measurements,
the two angles were 36.75° and 37.25°,
which were closer to the edge and %
was, therefore, closer to unity. A %
value of 0.98 was used for the zinc
measurements.

Using the liquid sample cells, meas-
urements were made on various concen-
trations of molybdenum and zinc in
liquid hydrocarbons. In each case,

. the starting material was a sample of a

hydrocarbon-soluble compound that had

. been analyzed by chemical methods.
- The material was diluted to measured

volumes with mixed xylenes. Correc-
tions were made for the absorption of
the beryllium windows. Equation 17
was adapted to measurements on liquids

by letting

X = grams of molybdenum or zine per
00 cc. in liquid hydrocarbon

t liquid path length, em.

X = W\G X 100/t (21)
or
100 x 2.303
X =
(uin, — K tan )t
(oguwls /1" — klogw I3 /T") (22)
‘From the measurements on each

sample of liquid and the known com-
position, X, a value of

100 X 2303 _
(i — bpin)t

X
(Tomo 27T — Flogal /77y (%)

was calculated. The details of a sam-
ple. caleulation are given in Table III.

A background correction of 0.6 count
per second was applied to each meas-
urement.

In Table TTI

7° is initial beam intensity

-I is residual beam intensity after passing
through sample and two berylium
windows of sample cell

I is residual beam intensity after pass-
ing through two beryllium windows of
empty sample cell

I/I° is transmittance of sample and two
beryllium windows of sample cell

Io/I° i transmittance of empty sample
cell

The absorbance of the sample (logi-
I,/I) is calculated from Iy/I, which is
obtained by dividing the above I/I°
by I/I°. While the measurements
could be made in such a manner that
it would not be necessary to determine
the initial beam intensity, I°, we pre-
fer to repeat the transmittance meas-
urements several times on the sample
and the two beryllium windows. We
then independently determine the trans-
mittance of the two beryllium windows.
This allows duplicate measurements to
be made without emptying the sample
cell between measurements,

The values of

100 X 2.303

(uae — ki)t
calculated from the measurements on
each liquid, were weighted according
to the size of X and averaged. The
average is 2.330 for the molybdenum
determinations and 2.427 for the zine.
The calibration equations then are

X, g. Mo/100 ce. =
2.330 (logie To/Thz.oo —
0.91 (logyelo/Ths.os  (24)

X, g Zn/100 cc. =
2.427 (logio Lo/ )se:s —
0.98 (logio To/I)ar.s  (25)

The observed and calculated values
from the calibration curves are com-
pared in Table IV,

Table Ill.  Transmittance Measurements on Liquid Molybdenum Standard

(X = 1.125 grams of Mo per 100 cc., 35.0 kvp., 20 ma., detector slit 0.003 inch,
no divergency slit, 1/30° scatter slit)

I corrected, c. /s,
.1° corrected, ¢./s.
7

T.ogye L/T
0.91 (Jogwo Lo/T)is2s =

(logw Lo/ oo — 0.X91 (logio Io/Tis.25 =

* (logw Lo/ ir.ee — 0.91 (logiy To/I hs.as =

26
18.25 17.0
155.4 41.65
408.9 302.3
2.631 7.258
1.103 1.080
2.385 6.720
0.3775 0.8274
0.3435
0.4839
2.325
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The results in Table IV indicate that
molybdenum and zinc can be de-
termined to an uncertainty of the order
of 0.01 to 0.02 gram per 100 ce. I
measurements are made.at concentra-
tions of 1 gram per 100 cc., molyb-
denum and zinc can be determined
to about 19 or 2% of the amount
present.

Table IV, Comparison of Observed
and Calevlated Molybdenum and Zinc
Content of Standard Solutions

X, Obsd. -
X, Caled. X, Caled.

X, Obsd.
Molybdenum
0.000 ©.018 —0.018
0.274 1).273 +0.001
0.541 0.549 —0.008
0.855 0.846 +0.009
1.125 1.127 ~0.002
Zine
0.000 —0.007 +0.007
0.250 0.235 +0.015
+.499 0.482 +0.017
0.750 0.765 -0.015
1.002 1.012 —-0.010
1.253 1.244 +0.009
1.253 1.263 ~0.010
1.253 1.260 —0.007

After the molybdenum calibration
curve was established, the mass ab-
sorption coeflicient of pure molybdenum
was determined using foils 0,001 and
0.003 inch thick. The samples were
disks 1 inch in diameter, which were
obtained by placing several thicknesses
of foil between two pieces of brass in
a lathe. With pressure from the tail
stock, it was possible to machine the
foils to 1l-inch diameter. The mass
thickness in grams per square centim-
eter was calculated from the weight
and measured diameter of the disks.
Measurements were made using two
different Geiger tubes, one argon-
filled and the other krypton-filled.
Effective dead times were determined
for each tube. The absorption values
obtained are given in Table V. The
values listed should be accurate to
better than 1%. Substituting the
values of ux from Table V in Equation
23 and using a value of & of 0.91 as
before, there results

Table V. Mass Absorption Coefficients

of Molybdenum
26 X, A, ar
17.00 0.597 74.2
18.25 0.640 13.78
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100 X 2.303

r =Ty = 23%7 (26)

This is to be compared with the value
of 2.330 based on the original wet
chemical analysis of the most concen-
trated malybdenum solution.

The application of this absorption
technique to the analysis of solids is
illustrated by the results given in Table
VI on the determination of molybde-
num in  cobalt-molybdenum-alumina
catalysts. Measurements were made
on 1 gram of material in 1-inch briquets.
After the absorption measurements,
the whole pellets were dissclved and
analyzed by wet chemical methods.
The absorption results are about 4%,
lower than the wet chemical results.
The cause of the discrepancy is not
known. The x-ray results are based
upon metallic molybdenum, while the
wet chemical method was checked
against a National Bureau of Stand-
ards molybdenum standard of ecal-
cium molybdate. The wet chemical
method gave 34.9%, molybdenum, while
the N'BS certified value was 35.3%.

Table VI. Comparison of Absorption

Edge and Wet Chemical Molybdenum

Analyses of Cobalt-Molybdenum-
Alumina Catalysts

Weight %, Mo,

Sample X-ray Wet
No. absorption chemical Ratio -
1 10.6 11.1- 1.05
2 11.7 12.0 +1.03
3 11.4 11.9 1.04
4 11.4 11.8 1.04

The absorption edge technique has
been used to determine lead and bro-
mine in engine combustion chamber
deposits. It is necessary to mix these
samples with a binder because of the
small sample required. Starch has
usually been used, but graphite has
the advantage of being very transparent
to x-rays. The accuracy of the binder
technique was checked on the NBS
standard sample of calcium molybdate.
The standard sample was diluted to 20
weight 9, with starch, mixed in a
mechanical mixer and grinder, and
pressed into 1-inch-diameter pellets.
Based on nine determinations on three
different 1-gram pellets, the molybde-
num was determined as 34.8 weight %,
with an average deviation of 0.5%,.
The certified value from the National
Bureau of Standards is 35.3%,.

In order to increase the number of
analyses and their sensitivity, the Geiger
tube detector has recently been re-

placed with a scintillation counter,
and a second goniometer has been in-
stalled on the top of the x-ray power
supply. X-ray absorption edge anal-
yses can now be carried out and x-ray
diffraction patterns obtained at the
same time. X-ray intensities are de-
termined with an Atomic Instrument
Model 10704 Multiscaler in combina-
tion with an Atomic Model 510 pulse
height analyzer. The pulse height
analyzer allows the x-ray tube to be
operated at higher voltages, thus getting
higher intensities, and consequently
higher sensitivity, because the har-
monies reflected by the lithium fluoride
crystal are discriminated out elec-
tronically.

The results presented show that the
x-ray absorption edge technique pro-
vides a useful means of elemental anal-
ysis. At high concentration levels,
it is to be preferred over x-ray fluores-
cence because of the lack of a matrix
effect. It is not as sensitive as x-ray
fluorescence, however. If an x-ray lab-
oratory has modern diffraction equip-
ment, absorption edge analyses can be
added more economically than can
fluorescence. Because transmittances
are measured, the x-ray intensity does
not need to be adjusted to exactly the
same value for each analysis.

The absorption technique is inher-
ently more accurate than the emission
spectrograph because of the greater
stability of x-ray sources compared to
spectrographic sources. With equip-
ment at present available, each element
must be determined separately, while
with the spectrograph several elements
can be determined with a single excita-
tion. The elements of lowest atomic
number are very difficult to determine
by x-rays but offer no appreciable
difficulty with the spectrograph.
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Determination of Trace Amounts of Arsenic
in Petroleum Distillates

N. C. MARANOWSKI, ROBERT E. SNYDER, and RALPH O. CLARK
Gulf Research & Development Co., Pittsburgh 30, Pa.

P Arsenic in petroleum fractions can
be determined by a reflectometric
method in concentrations as low as 1
p.p-b. In principle, the method de-
pends upon wet oxidation, followed by
isolation of the arsenic on paper as the
colored reaction product between
arsine and mercuric bromide. . The
intensity of the resulting colored com-
plex is evaluated quantitatively with a
spectrophotometer fitted with a diffuse
reflectance assembly. Recoveries of
90% or better were obtained in most
cases on samples containing from 0.1
to 0.5 v of arsenic. The standard
deviation is within the range of 0.020
to 0.025 v of arsenic. Interference by
most of the common metals, except
antimony above 100 «, is not a prob-
lem.

ITE THE DEVELOPMENT of cata-

lytic reforming processes, it has
become necessary to devise and refine
analytical techniques for the deter-
mination of certain trace elements that
may affect the activity of the catalyst.
Important among the contaminating
constituents ‘when platinum catalysts
are used is arsenic, which may be intro-
duced during the crude oil production
operations and carried through in the
distillate fractions prepared as charge
stocks for reforming. Depending upon
the arsenic content of the charge, the
catalyst may become deactivated to an

extent where 1t is no longer feasible'
or economical to maintain operations, .
necessitating replacement of the cata-.
lyst inventory at considersble cost.’

For this reason, an accurate and re-

liable method for the determination of -
arsenic in concentrations of the order .
of a few parts per billion is needed as :

a control for the quality of reforming
charge stocks.

Numerous methods have been de-
scribed for the determination of low con-
centrations of arsenic in various ma-
terials. The preferred colorimetric pro-
cedure appears to be one based on the
formation of molybdenum blue (3, 6,
8-10, 12). Although the method is sim-
ple and reproducible, it necessitates the
use of large sample sizes when applied
in the part per billion range. A more

sensitive test for arsenic is the familiar
Gutzeit reaction which has been used
by a number of investigators (4, 7,
11-18). This method depends upon
the evolution of arsine and its reaction
with mercuric bromide to form a colored
complex. Satterlee and Blodgett (11)
described an ultramicro procedure
whereby the reaction is concentrated by
vacuum filtration through a gaged area
of the sensitized medium. The method
uses photographic reference scales
adaptable to either visual or densito-
metric evaluation of the spot reactions.
Jay and Dickson () simplified the Sat-
terlee and Blodgett procedure and ap-
plied it successfully to petroleum prod-
ucts. Although the latter method has
been used with limited success at this
laboratory, it retains the undesirable fea-
ture of a visual comparison of test
disks with standards. .

The task of extending the applica-
tion of the Gutzeit reaction to trace
amounts of arsenic using impregnated
strips, strings, or disks together with
visual comparison embraces many fac-

“tors. These include such difficulties

as the appraisal of stains due to the
unequal distribution of the arsenic-
mercuric bromide complex and-the oc-
cagional intensification of color in lo-
calized areas. 'The necessity of analyz-

ing standards with each set of samples-

to compensate for operational variables
unnecessarily complicates the analysis.

The method described here is a modi-
fication of that of Jay and Dickson
(6). TUse of their technique led to in-
complete recovery of arsenic with the
relatively large sample sizes involved.
An improved digestion procedure is de-
seribed which allows for more intimate
contact between sample and acids and
yields quantitative recovery of arsenic.
A Beckman Model DU spectrophotom-
eter equipped with a diffuse reflect-
ance attachment is used to evaluate
the intensity of the colored spot.

APPARATUS

The digestion apparatus consists of a

© three-necked, round-bottomed borosili-
" cate flask of 300-ml. capacity, fitted with
a precision bore bearing stirring unit

(Ace Glass Co., Inc.) and two reflux

. condensers.

The evolution apparatus consists of a
250-ml. borosilicate Erlenmeyer flask
connected to a hydrogen sulfide trap by
means of a ground-glass joint. The trap
is fabricated from a 75-mm. section of
11-mm. glass tubing having a 24/40 §
inner ground-glass joint at one end and a
14/35 § joint at the other end.

Filter clamp assembly (6) fabricated
from Plexiglas and fitted with two Teflon
gaskets.

A 550-watt electric heater fitted with
a Transite top having a hole 3 inches in
diameter and connected to a variable
transformer.

Open end manometer fitted with a
bleeder valve.

Vacuum pump.

Water bath maintained at 50° = 1°C.,
fitted with a suitable wire mesh rack
for supporting the evolution flasks.

Beckman DU spectrophotometer
equipped with the diffuse reflectance at-
tachment. The accessory is fitted with
masking plates fabricated from 1/3-inch
stainless steel having a centered !/.-inch
hole reamed to +0.000. The disks are
cut to fit the carriage receptacles to
=+0.001 inch and are sprayed with opti-
cal flat black paint.

REAGENTS AND SOLUTIONS

Isopropy! alcohol, 999,

Hydrogen peroxide, 30%.

Glass wool.

Distilled water.

Ammonium oxalate, saturated aque-
ous solution.

Lead acetate solution prepared by
dissolving 17.5 grams of lead acetate
trihydrate in water containing 5 ml. of
Iggf.cial acetic acid and diluting to 100

Mercuric bromide solution prepared
by dissolving 2.5 grams of mercuric
bromide in 95%, ethyl alcohol and dilut-
ing to 25 ml. The solution is stored in
a borosilicate, glass-stoppered, amber
bottle.

Nitric acid, specific gravity, 1.42,
argenic content less than 0.0000001%,.

Sulfuric acid, specific gravity, 1.84,
arsenic content less than 0.0000001%.

Potassium iodide solution, 15%,.

Filter disks prepared by cutting
Schleicher and Schuell No. 575 filter
paper into disks approximately %/s inch
in diameter.

Sensitized filter disks. Prepare a sup-
ply of disks, sufficient for 1 week, as fol-
lows. Place the filter disks in a small
amber jar and cover with 25 ml, of
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mercuric bromide solution. Evacuate
for 1 hour at approximately 0.5 atm.
The disks may be safely kept for 1 week
if protected from bright light and the
atmosphere.

Standard arsenic solution, prepared
by dissolving 1.820 grams of primary
standard arsenous oxide in 25 ml. of
sodium hydroxide solution (250 grams
per liter) and diluting to 1 liter with
water. For calibration purposes, sthe
stock solution is diluted 1 to 10,000 with
water.

Stannous chloride soluiion, 409 in
hydrochloric acid (specific gravity, 1.19).

Sulfuric acid, 1 to 1

Zinc metal. Screen 20-mesh zine, con-
taining less than 0.00001%, arsenic,
through a 20- and then a 30-mesh sieve.
Transfer the zine remaining on the 30-
mesh sereen to a beaker and cover with
water. Activateit by placing the beaker
on 3 hot plate, adding 50 ml. of concen-
trated hydrochloric acid, and stirring
until the zinc becomes brig;ht in appear-
ance. Decant the acid solution and
wash the pickled zinc with hot water
until the washings react neutral to lit-
mus paper. Store the activated zine
under distilled water. Just prior to use
transfer the zine to a small Biichner
funnel, rinse with several small portions
of acetone, and dry on the funnel with
vacuum.

EXPERIMENTAL

Seasoning of Glassware., New di-
gestion equipment is usually contami-
nated with small amounts of arsenic
and must be seasoned with hot acids
as Jollows.

Place 50 ml. of concentrated sulfuric
acid and 10 ml. of nitric acid in each
digestion flask and attach the water con-
densers and stirrer units. Place the
flasks on heaters and reflux for 4 hours,
Remove the condensers and allow the
seasoning to proceed for an additional
3 hours. After the flasks are cool, dis-
card the acid and thoroughly rinse the
digestion squipment with water.

Calibration Curve. Pipet 1, 3, and
5 ml. of the diluted arsenic standard
into separate evolution flasks; add 5
ml. of distilled water to a fourth flask
as a blank. To each flask add 35 ml.
of distilled. water, 25 ml. of 1 to 1
sulfuric acid, and 20 ml. of isopropyl
alcohol. Place the flasks in the con-
stant temperature bath and allow to
equilibrate, Add & ml. of potassiura
iodide. to each flask and allow to
equilibrate again. Finally, pipet 1 ml,
of stannous chloride solution into each
flask. Insert a loose plug of glass wool
into the lower hall of each absorption
tube and moisten with lead acetate
solution. Insert a loose plug of cotton
in the upper half of the tube and in the
tapered portion of the Plexiglas as-
sembly. Blot a sensitized disk between
filter paper, air dry, place between the
two Teflon gaskets, and assemble the
apparatus. Introduce 3 grams of zine
into the flasks, then immediately attach
the hydrogen sulfide absorption tubes
and clamp assemblies. Adjust the
vacuum to 190 = 5 mm. of mercury and
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allow the reaction to proceed for 30
minutes. With a 2-mm. slit width,
measure the reflectance of the test spot
against a clean, unsensitized disk at 400
mg. Plot the reflectance readings, ex-
pressed as absorbance, vs. total micro-
grams of arsenic.

Procedure. Introduce a weighed
amount of sample, equivalent to 0.1
to 0.5 v of arsenic, into a seasoned
digestion flask. Add 25 ml. of con-
centrated sulfuric’ acid and assemble
the apparatus. Add approximately 5
ml. of nitric acid and stir the contents
vigorously for 30 minutes. Then
apply heat, gradually increasing the
input while allowing the digestion to
proceed for 2.5 hours. Add 1-ml. por-
tions of nitric acid whenever the mixture
begins to darken. Remove one con-
denser from the flask and continue the
addition of small increments of nitric
acid as darkening occurs, until the
lighter nonoxidized fraction is com-
pletely volatilized. At this point add 2
ml. of 30% hydrogen peroxide to each
flask, followed by nitric acid if darkening
occurs. Repeat until the acid remains
colorless or light amber.

After the flasks have cooled to room
temperature, add 75 ml. of water and 10
ml. of ammonium oxalate solution.
Heat the flasks until dense white fumes
of sulfur trioxide are evolved. Then
cool the digestion mixtures to room
temperature and transfer into separate
evolution flasks. If the concentration
of arsenic in the sample is suspected of
being less than 2 p.p.b., pipet 1 ml. of
the diluted standard arsenic solution
into the evolution flasks containing the
sample. Prepare a spot reaction as de-
seribed for calibration, beginning with
the addition of 20 ml. of isopropy! alco-
hol. Convert the reflectance measure-
ments to micrograms of arsenic by
means of the ealibration curve, correct-
ing for added arsenic if necessary.

Determine the magnitude of the
method blank, which consists of arsenic
inherently present in the reagents as
well as in the glassware, in the same way.
If the value exceeds 0.025 v of arsenic
it is indicative of contamination of the
reagents, improper seasoning of glass-
ware, or both.

DISCUSSION

A sample size should be chosen so
that the total arsenic content falls
between 0.1 and 0.5 v. The maximum
size sample which can be handled con-
veniently is approximately 40 grams.
Based on the recommended maximum
sample size, the lower limit of the
method without the addition of the
standard arsenic solution is approxi-
mately 2 p.p.b.

Digestion Studies. In the search
for a method sensitive to about 1
p:p.b. of arsenie, several digestion pro-
cedures were tried. One method in-
volved the extraction of arsenic from
petroleum  distillates with sodium
hypochlorite and 729, sulfuric acid,
followed by oxidation of the extract

with nitrie acid and hydrogen per-
oxide. The evolved arsine was re-
acted on mercuric halide-impregnated
paper strips and evaluated visually.
The procedure, although simple and
rapid, was unsatisfactory from the
standpoint of recovery of arsenic.
The next digestion study embraced
a wet oxidation method (6). Specifi-
cally, the technique consisted of oxidizing
the sample with sulfuric and nitric acids
and hydrogen peroxide in a Kjeldahl
flask fitted with a water condenser.
The digestion was simple to perform
but, when applied to standards prepared
from triphenylarsine and iso-octane,
was erratic and gave low results (Table
I). However, the data indicated that
increasing amounts of arsenic were re-
covered as the sample size was dimin-
ished. This suggested that more in-
timate contact between sample and
acid was necessary to determine arsenic
concentrations of the order of a few
parts per billion. To obtain this inti-
mate contact, the digestion mixtures

Table I.  Arsenic Recovery with
Nonstirred Mixtures

. Av.
Sample, Arsenic, PP.B.  Recovery,
Grams Added Found %

20 41 25 61
25

15 71 25 46

10 115 70 44

5 163 86 57

Effect of Glassware
Seasoning

Table Ik

(Triphenylarsine-iso-octane blends)
Arsenic Found, v

Arsenic Added " Before After
“P.pb. Y seasoning seasoning®

5.2 0.126 0.286 0.120

0.170 0.101

0.163 0.130

0.191 0.124

0.172 0.104

0.150 0.116

13 0.227 0.242 0.222

0.310 0.197

0.232 0.193

0.266 0.213

15 0.264 0.363 0.249

0.346 0.240

0.267 0.257

e Std. dev., 0.021 4.




Table Iil,

Arsenic Recovery with Stirred Digestion Mixtures

Arsenic

Arsenic Added Found,

Sample

Percolated naphtha 11

Bage naphtha (eontained 20 p.p.b.
of arsenic; sample taken was
equivalent to 0.180 v arsenic)

Std. dev., 0.025 +.

3.1 0.115

5.3 0.196

6.2

P.p.b. ¥ ¥

0.048

0.229 0.402
(0.409, total)

were stirred in a 500-ml. flask fitted
with a precision bore stirrer unit to
minimize possible loss of volatile arsenic
compounds. When this apparatus was
first tested, high results for arsenic were
obtained. Further study showed that
the glassware had to be well seasoned
before use (Table II).

A number of determinations were
carried out on a naphtha that was previ-
ously percolated through silica gel to
remove arsenic compounds. This per-
colate was then blended with known
amounts of triphenylarsine in the range
from 1 to 5 p.p.b. of arsenic. The
arsenic content was also established
for the base naphtha and triphenylar-
sine was then added. Table IIT shows
the results obtained on the base and
percolated’ naphthas.

As the presence of coke or carbon in
the digestion mixture enhances the for-
mation of volatile, reduced valence
arsenic compounds, the oxidation must
not be allowed to proceed beyond in-
cipient darkening before nitric acid
is added. Experimental work dem-
onstrated that, after a preliminary
treatment with the sulfuric and nitric
acids, the lighter fractions of the sample
may be allowed to escape without
loss of arsenic. When analyzing sam-
ples with an arsenic content less than
10 p.p.b., it is imperative that the
method blank be checked periodically.

Color Reaction Area. To evaluate
a 8pot reaction reflectometrically the
light beam must be incident upon a
fixed area of the colored produet. If
the spot area is constant, it need not
be known; if the area varies, its value
must be determined. Therefore, to

-standardize the exposed reactant sur-
‘face and to make certain that the

measurements were due entirely to
the intensity of the spot reaction,
masking plates were fabricated with
a precisely drilled circular hole in the
center, slightly smaller than the diam-
eter of the test spot.

Type of Paper. The make of filter
paper does not appear to be unduly
critical as far as reflectance measure-
ments are concerned. Fach type of

paper offers certain advantages and’

disadvantages in producing uniform
spots. Schleicher and Schuell No. 575
filter paper, a thin, hardened, smooth
textured paper, permits a spot reaction
with minimum diffusion. The color
reaction produced with this paper ap-
pears to be more intense than with
Whatman No. 50 or similar grade
papers, Coarse grained or soft papers
should be avoided for obvious reasons.

Unsensitized filter disks may oc-
casionally vary in reflectance, presum-
ably because of variations in surface
texture or accidental discoloration of
the paper stock. For this reason, the
reference disk used to adjust the spec-
trophotometer for 1009 reflectance
must be a representative one. To de-
termine if the disk meets this criterion,
several clean, unsensitized paper disks,
selected at random, are compared for
reflectance. If the difference in re-
flectance is not greater than that equiv-
alent to 0.01 absorbance unit, the disks
are -considered suitable for use. If
the differential reflectance is greater
than this value, the disks should be
discarded and a different lot of the
paper employed.

of arsenic standards. The

Spectral Curve. An absorption
spectrum of the arsenic—mercurie bro-
mide complex was determined be-
tween 350 and 600 mg using a spot re-
action equivalent to 0.5y of arsenic.
Although no sharp peaks were found,
a slight plateau occurred at 400 mg.
All subsequent measurements were made
at this wave length using a 2-mm.
slit width and normal sensitivity.

Evolution of Arsine. The variables
governing the intensity of the arsenie
spot reaction must be critically con-
trolled if accurate results are to be ob-
tained. These variables include the
concentration of sulfuric acid, weight
and mesh size of the zine, regulation
of vacuum, temperature of the evolu-
tion mixture, and impregnation of the
test disks.

Several of these factors have been
thoroughly investigated by other work-
ers and their conclusions were directly
employed in this method. These in-
clude concentration of sulfuric acid
(4), weight of zinc (7, 4), and impreg-
nation of the test disks (2, 4).

A study was made to determine the
effect of several brands of zine and
mesh size on arsenic recovery. Two
makes of granular zinc labeled as 10-
and 20-mesh and a zinc produced elec-
trolytically were investigated. For uni-
formity of particle size, which is related
to surface area, the granular zine was
sereened through a No. 20 and No. 30
sieve. The zin¢ collected on the No.
20 screen and on the No. 30 screen were
reserved for subsequent testing., As
indicated in Figure 1, the 20-mesh
granular zine appears to be the most
active, and the electrolytic the least.
This fact has been corroborated by Cas-
sil (2). The evolution studies were
made using a bath maintained at 20° C.
and pressurcs approaching 0.5 atm.
Occasional erratic staining and low
recovery of arsenic suggested that not
only was incomplete arsine evolution
occurring but that perhaps other factors
were affecting reproducibility.

Because the method was an adapta-
tion of a vacuum spot-filtration tech-
nique pressure might be a determina-
tive factor. Table IV shows data
obtained by careful regulation of pres-
sure in the evolution system on a series
pressure

Table IV. Effect of Pressure on
Evolution of Arsine at 20° C.

Pressure, Arsenic, y

Mm. Added Recovered

190 0.10 0.108,0.059
190 0.30 0.245,0.270
190 0.50 0.463,0.418
380 0.10 0.079,0.076
380 0.30 0.248,0.251
380 0.50 0.413,0.415
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studies were conducied with 20-mesh
zince and a bath at 20° C. This experi-
ment demonstrated that consistent
recovery of arsine was not attained.
During the course of this work it was
found that the test spot area was uni-
formly stained when the pressure in
the reaction flask was evenly controlled.

Table V. Reproducibility of
Calibration Data at 50° C.
and 190-Mm. Pressure

Arsenic Absorbance
Added, 1st 9nd Ith
¥ week week week
0.10 0.082 0,080 0.078
0.30 0.237 0.238 0.239
0.50 0.387 0.389 0.3%1

Because of the incomplete evolution
at 20° C. and the reported tendency
for marginate diffusion of the spot re-
action in the presence of excessive water
vapor at high bath temperatures (11),
a median temperature of 50° C. was
selected. The water vapor produced
at this temperature was effectively
removed as condensate in the lead
acetate absorption tube, the final traces
being trapped by cotton placed in the
filtration assembly. Furthcrmore, this
terperature seemed to provide com-
plete evolution of the arsine at a pressure
of 190 mm. Analytical data (Table V)
show that consistent reflectance values
were obtained over a period of 1 wonth
on three arsenic standards.

Calibration Curve. The fact that
the arsenic—mereuric bromide reaction
gives a complex which follows a
straight line function is advantageous
in that fewer points are required
to define the standard -calibration
curve. The linearity of the curve
applies only to amounts of arsenic less
than about 0.5 v.
apparently not responsible for the curva-
ture, as the mercuric bromide is pres-
ent in large excess (approximateiy 1000
v per disk). It seems more likely that
the proportion of arsenic combined at
or near the surface of the disk ap-
proaches a maximum intensification
resulting in a leveling off of the curve
for larger amounts of arsenie.

Loss of arsenic through the disk does
not occur within the recommended
concentration range, as shown by a
lack of color on a second disk in the
filtration agsembly.

Other Variables. The spot reac-
tions are stable for 1 to 1.5 hours with-
out significant change, although a
gradual change in the shade of the
color may be noted if the disk is not
protected from laboratory fumes.
For precise work, the disk should be
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Figure 1. Effect of mesh size and type of zinc on

arsenic recovery

Table VI. Reproducibility of Method

Arseni¢c Found,
P.P.B.
Gasoline  Naphtha
2.2,2.0 19, 21

41,44 17,17
1.7,1.4 19,17
7.9.7.3 16,15
1.0,1.0 23,24
6.0,6.3 21,22
0.9,0.8 21,22
7.7,7.5 22,22
1.2,1.0 19, 20
6.9,6.5 24, 25
8td. dev., p.p.b. 0.2 0.8

measured as soon as possible following
the evolution step. Direct sunlight or
strong artificial light have a bleaching
effect on the reaction product.

Of the possible interfering constitu-
ents, antimony should be considered in
the analysis of samples having a petro-
leum origin. When varying amounts of
antimony were mixed with known con-
centrations of arsenie, the results in-
dieated that about 100 v of antimony
can be tolerated when 0.50 v of arsenic
is present. The removal of antimony
by the hydrobromic acid technique
(11) was not investigated, because the
antimony content of naphtha charge
stocks is not expected to exceed the
100- limit.

Hydrogen sulfide interference is elim-
inated by the use of lead acetate. Some
metallic salts tend to increase the rate
of arsine evolution; this effect is usually
not serious, however. Residual hydro-

carbons tend to inhibit the rate of
evolution and should be absent.

The ACS specification for reagent
grade sulfuric and nitric acids is not
more than 0.000003%, arsenic. There-
fore, the limit of 0.0000001%, arsenic
specified for these acids in this proce-
dure might appear to be unrealistic.
However, tests performed on Baker &
Adamson sulfuric and nitric acids for
over 1 year have showed that they
never exceeded the specified lower limit
of arsenic content.

Strict adherence to the details set
forth in this method is absolutely neces-
sary for accurate results. On the other
hand, the procedure is relatively sim-
ple and not particularly tedious to
carry out. Six determinations are eas-
ily completed by one operator in 8
hours.

ACCURACY AND PRECISION

A statistical study of the recom-
mended procedure was made by apply-
ing it to a series of synthetic samples
ranging from 1 to 26 p.p.b. of arsenic.
The standard deviations obtained from
this study are shown in Tables IT and
IIT. The calculations indicate the
precision to be within the range of
0.020 to 0.025 v of arsenic. Accuracy
of 909, or better is obtained on samples
containing from 0.1 to 0.5 « of arsenic.

Listed in Table VI are some ran-
domly selected results obtained for 10
gazolines and naphthas submitted for
the determination of arsenic. Although
the data cannot be reliably compared
with the other indicated results, it is



believed the accuracy is of the same
order of magnitude as that of the syn-
thetic samples.
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» Twenty-two hydrocarbons were
found in the fraction of petroleum nor-
moally boiling between 116° and
126° C. This fraction of petroleum
constitutes approximately 5.37% by
volume of the representative petro-
leum which has been under investiga-
tion for many years by the American
Petroleum Institute Research Project
6. These compounds were concen-
trated by extended use of the frac-
tionating processes of regular and
azeotropic distillation.  Identification
of the compounds was made by mass
and infrared spectrometric exami-
nation, together
of the simple physical properties. The
names and estimated relative amounts
by volume of the twenty-two com-
pounds, given in order of decreasing
amount in the petroleum, are as fol-
lows: n-octane, 35.5; 2-methylhep-
tane, 16.7;

ane, 5.8; 3-methylheptane, 5.6; 1,-

trans-4-dimethylcyclohexane, 4.5; 4- -
1,trans-2-ethyl-

methytheptane, 3.7;
cyclopentane, 2.5; 3,4-dimethylhex-
ane, 2.4; 1-methyl-frans-3-ethylcyclo-
pentane plus 1-methyl-cis-3-ethylcyclo-
pentane, 2.3; 3-ethylhexane, 1.7; 1,-
cis - 4 - dimethylcyclohexane, 1.6; 1,-
ftrans-3-dimethylcyclohexane, 1.3; 1,-
cis -'2,frans - 3 - trimethylcyclopentane,
1.3; 1,1-dimethylcyclohexane, 1.2;
1,1 cis- 2,trans- 4 - tetramethylcyclopen-
tane, 0.8; 1-methyl-1-ethylcyclopen-
tane, 0.6; 3-methyl-3-ethylpentane,
0.3; 1,cis-2,trans-4-trimethylcyclopen-
‘tane, 0.2; cycloheptane, 0.15; 2,2,5-
trimethylhexane, 0.03. In addition,

with measurements’

1,cis-3-dimethylcyclohex- |
ane, 11.8; 1,frons-2-dimethyleyclohex-

trace amounts of an unidentified bi-
cycloparaffin occur in the distillate
fraction boiling near 124.5° C.

s PART of the continning work of

the American Petroleum Insti-

tute Research Project 6 on the composi-
tion of its representative petroleum (7),
analysis has been completed of the hy-
drocarbons in that fraction of this pe-
troleum normally boiling between 116°
and 126° C., which constitutes approxi-
mately 5.37% by volume of the original
petroleum. An early investigation (4)
revealed the presence of four hydrocar-
bons in this fraction: 2-methylheptane
at 117.65° C.; 1,cts-3-dimethyleyelo-
hexane at 120.09° C.; 1,trans-2-dimeth-
yleyclohexane at 124.45° C.; and n-
octane at 125.66° C. The present in-
vestigation of this portion, using dis-
tillation equipment of much greater sepa-
rating efficiency than was earlier avail-
able, in conjunction with the modern
spectroscopic methods of analysis has
shown that it contains 22 hydrocarbons.
The details of the analysis of the adja-
cent lower boiling portion are given in
(3), and those of the adjacent higher

~ boiling portion in (2).

PROCEDURE

All of the paraffin-cycloparaffin mate-
rial remaining from the earlier investi-
gation (4) was combined and distilled at

725 mm. of mercury. Further process-
"ing of this material by distillation (regu-
lar, azeotropic, and at reduced pressure)

was designed to concentrate the indi-

vidual hydrocarbons so that they could
be identified with reasonable certainty.
The apparatus and procedures used in
the distillations are described in (8).
These distillation operations required
the repeated blending of portions of
distillate to produce charges for redis-
tillation. A total of 55 charges was
prepared and distilled. The amounts of
the individval compounds were com-
puted from the results of spectrographic
analyses (principally mass spectra, with
some infrared speetra) made for us on a
total of 57 intermediate and final frac-
tions by the Research Laboratory of the
Humble Oil and Refining Co. In addi-
tion to the spectroscopic analyses, the
purity of several compeounds was de-
termined from measurements of the
freezing point. The details of these op-
erations are given in a report of the
American Petroleum Institute Research
Project 6, entitled “Hydrocarbons in
the 116° to 126° C. Fraction of Petro-
Jeum”, dated March 31, 1952, which is
available from the Petroleum Rescarch
Laboratory, Carnegie Institute of Tech-
nology, Pittsburgh, Pa.

The results of the distillation of the
starting material are given in Figure 1.

" In this figure, the solid lines refer to the

distillation at 725 mm. of mereury, and
the dashed lines refer to the redistilla-
tion of a portion of the material at 30.5
mm. of mercury. It will be noted that
the distillation at 30.5 mm. of mercury
was very effective in separating the re-
1 Present address, National Bureau of
Standards, Washington 25, D. C.

’Address, Mellon Institute of Indus-
trial Researeh, Pittsburgh 13, Pa.
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Figure 1.

VOLUME IN LITERS

Results of distillation of 116° to 126° C. fraction of petroleum

Upper and lower solid lines give, respectively, boiling point and refractive index of distillate, with respect to its volume, obtained in regular distillation at 725
mm. Hg. Upper and lower broken lines near right side of figure give, respeciively, boiling point and refractive index of distillate, with respect to its volume,
obtained in distillatior. at 30.5 mm. Hg of indicated portion of material.

maining n-octane from the cycloparaf-
fins which immediately precede it in
normal boiling point.

The methods employed for the separa-
tion of the individual hydrocarbons are
llustrated for one compound, cyclohep-
tane, in Figures 2 and 3. The material
from the preliminary distillation nor-
mally boiling in the range from 117.0° to
117.8° C. (portions 4 and B, Figure 1)
were distilled azeotropically with ethyl
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aleohol to give the results shown in
Parts I and IT respectively, of Figure 2.
The refractive indices of portions IA
and ITA from this distillation were
higher than those of the alkyl eyclopen-~
tanes and alkyl eyclohexanes which boil
at or near this temperature and it was
suspected that this material contained
cycloheptane which normally boils at
118.79° C. (6). The further concen-
tration of this material by azeotropic

distillation is shown in Figure 3. The
refractive index, np at 25° C., of the
material near the end of the distillate
(portion B, Figure 3) was 1.4400 which
may be compared with the value 1.4424
for cycloheptane (6). The molecular
weight of portion B, determined by the
freezing point method using o-xylene as
a solvent, was found to be 98.0 + 1.4
which is to be compared with the value
98.18 for pure cycloheptane. The other
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Table L

Compornente

1, cis-2,trans-4-Trimethyleyclopentane
1,645-2 trans-3-Trimethyleyclopentane
2-Methylheptane
4-Methylheptane
3,4-Dimethylhexane
3-Methyl-3-ethylpentane
3-Ethylhexane
Cycloheptane
3-Methylheptane
1,trans-4-Dimethylcyclohexane
1,1-Dimethyleyclohexane
1,¢is-3-Dimethylcyclohexane
1-Methyl-trans-3-ethylcyclapentane
1-Methyl-cis-3-ethyleyclopentane
1-Methyl-trans-2-ethyleyclopentane
1-Methyl-1-ethylcyelopentane
1,1,695-3,trans-4-Tetrameth ylcyclo-

pentane
1,trans-2-Dimethyleyclohexane
2,2,5-Trimethylhexane
1,¢t8-4-Dimethyleyclohexane
1,trans-3-Dimethylcyclohexane
n-Octane

Total

Boiling Point Highest
of Pure Concentration
Compound Isolated,?
Formula at 1 Atm,, ° C, Mole %

CsH.y 116.73 .8
CsHjs 117.5 90
CsHis 117.65 85
CsFluy 117.71 34
CsHy; 117.72 40
CsHg 118.28 6
CsHis 118.53 43
C:H,, 118.79 90
CoH,q 118 92 98; 97°
CsHys 119.35 75

sHig 119.54 84

Hg 120.09 84; 85°
GiHye 120. 8} 57
C:Hie 121.4 2
CsH,g 121.2 74
CsHie 121.52 65
CsHy 121.6 8
CeHg 123 .42 98; 96°
CoHay 124.08 11
CsHyg 124.32 76
CsHis 124.45 49
CeHys 125.66 99.2

Summary of the 22 Hydrocarbons Found in the 116° to 126° C. Fraction of Petroleum

Estimated
Relative
Amount

by Volume

in 116° to 126° C.
Fraction

Amount in
Original
Crude
Petroleum,®
Percentage
by Volume
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* 2,3-Dimethylhexane at 115.61° C. and 2-methyl-3-ethylpentane at 115.65° C., which were isolated previously from the 1087 to 116° C.

(3), are also present in this fraction.

Records have been adjusted to account for this additional quantity of these constituents (7).

In addition, trace amounts of an unidentified bicycloparaffin occur in the distillate fractions boiling near 124.5° C.

¢ These values were determined from measurements of freezing points.

data,

All other values in this column were determined from spectral

¢ Amount of given component in gasoline fraction, 40° to 180° C., is about three times value given in this column.

hydrocarbons which are possible in this
region contain eight carbon atoms per
molecule and have the following molec-
ular weights: bicycloparaffins, 110.19;
monocycloparaffis, 112.21; and para-
fling, 114.22. The material was subse-
quently identified as cycloheptane by
spectroscopic analysis and estimated to
have a purity near 90%. In this petro-
leum the cyclobeptane was assoeiated
principally with 2-methylheptane; 4
methylheptane; and 3,4-dimethylhex-
ane, and was located in distillate frac-
tions boiling slightly more than 1° C.
below the beiling point of pure eyclo-
heptane. A displacement of the boiling
point of cycloparaffins in petroleum dis-
sillates is not unusual and may be at-
tributed to the nonideality of dilute solu-
tions of cycloparaffins in paraffins (5).

RESULTS OBTAINED

Table ] summarizes the information
regarding the twenty-two hydrocarbons
found in the 116° to 126° C. fraction of
petroleumn. Bell (), using somewhat
similar methods, has reported the pres-
ence of 17 hydrocarbons in the corre-
sponding fraction of an East Texas pe-
troleum. The data in Table I lead to
the following conclusions. (@) The ma-
terial is composed almost entirely of
five types of hydrocarbons in the follow-
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ing relative amounts by volume: normal
paraffins, 36; branched paraffins, 30;
alkyl cyclopentanes, 8; alkyl eyclohex-
anes, 26; and cycloheptane, 0.15. (b)
In addition to the twenty-two hydro-
carbons found, the only other hydrocar-
bons of the paraffin, alkyl cyclopentane,
and alkyl cyclohexane classes normally
boiling in the range 116° to 126° C. are
the following (&), which are believed
to be present only in trace amounts:
1,1,-3,3 - tetramethylcyclopentane  at
117.96° C.; 1,cis-2,cis~4-trimethylcyclo-
pentane at 118° C.; 2,2,4 4-tetramethyl-
pentane at 122.28° C.; and 1,cis-2,cts-
3-trimethyleyclopentane at 123° C. (¢)
The singly branched, doubly branched,
and triply branched paraffing are pres-
ent in this gasoline fraction in relative
amounts which have magnitudes as fol-
lows: 100, 10, and 0.1, respectively. (d)
Cycloheptane is present in very small
amounts. This is the first time that this
compound or any of its derivatives has
been identified in petroleum. (e) A bi-
cycloparaffin boiling near 124.5° C. Is
present in trace amounts. This is the
lowest boiling bicyeloparaffin to be de-
tected in petroleum.
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Purification, Purity, and Freezing Points of 20 API
Standard and APl Research Hydrocarbons

ANTON J. STREIFF, LAWRENCE H. SCHULTZ, AURA R. HULME, JAMES A. TUCKER,

NED C. KROQUSKOP, and FREDERICK D. ROSSIN!
Petroleum Research Laboratory, Carnegie Institute of Technology, Pittsburgh, Pa.

P The purification and determination
of freezing points and purity are des-
cribed for the following 20 hydro-
carbons of the APl Standard and
APl Research series: 2,2-dimethyl-3-
ethylpentane;  2,4-dimethyl-3-ethyl-
pentane; cycloheptane; 3-methyl-1-
hexene; 4-methyl-frans-2-hexene; 2,4-
dimethyl-1-pentene;  3,3-dimethyl-1-
pentene; 3,4-dimethyl-cis-2-pentene;
3,4-dimethyl-trans-2-pentene; 2-
methyl-trans-3-heptene; 2,5-dimethyl-
trans-3-hexene’;  2-methyl-3-ethyl-1-
pentene; 3-methyl-1,2-butadiene; 1-
methylcyclopentene; 1-methylcyclohex-
ene; 1-ethylcyclohexene; cyclohexyl-
cyclohexane; cyclohexylbenzene; 3-
cyclopentyl-1-propene {allylcyclopen-
tane); and. phenylbenzene {biphenyl).

HIs investigation is a continuation of

the work of producing highly puri-
fied hydrocarbons of the API Standard
and Research series (I, 5-10). This
paper deseribes the purification and de-
termination of purity and freezing points
of 20 hydrocarbons, which include two
paraffins, one cycloparaffin, nine mono-
olefins, one diolefin, three cyclo-olefins,
one dicycloparaffin, one cycloparaffin-
aromatic, one cycloparaffin-olefin, and
one dinuclear aromatic. The final lots
of material labeled API Standard are
sealed in vacunm in glass ampoules
and made available as API Standard
samples of hydrocarbons by the Car-
negie Institute of Technology. The
material labeled API Research is made
available in appropriate small lots
through the American Petroleum In-
stitute Research Project 44 for loan to
qualified investigators for the measure-
ment of needed physical, thermody-
namic, and spectral properties.

Table I gives the names of the 20
compounds, the laboratories providing
the starting material, details concerning
the first and succeeding distillations,
the character of the plot of the freezing
point of the hydrocarbon part of the
distillate as a function of its volume,
and the volumes of the final lots of
API Standard and Research material. -
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The procedures followed in the proc-
ess of purification and determination
of purity were the same as described in
previous papers (2, 6-10) except that
phenylbenzene (biphenyl) was purified
using the process of zone melting (3).
Details of the distillation apparatus
and operations have been described

(4, 10).
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Figure 1. Results of azeotropic

distillation of 1-methylcyclopentene
with methanol

Figures 1, 2, and 3 show grapbically
the results of some typical distillations.
They represent the cascs where the pur-
est material is, respectively, largely in
the forepart of the distillation, in the
middle of the distillation, and in the
after part of the distillation. In each
figure plots are given for refractive
index, boiling point, freezing point, and
purity as a function of the volume of
the hydrocarbon part of the distillate.
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Figure 2. Results of azeotropic
distillation of 3,4-dimethyl-trans-
2-pentene with ethyl alcohol
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Table I.  Purification of 20 API Standard and APl Research Hydrocarbons

Distillation?
Amt. No. of
hydro- equiv-
carbon alent Rate Loca-
in theoret- of ’ tion
azeo- ical collec- of Volume of
Hydrocarbon tropic plates tion Time purest Selected Sample
Laboratorys Charged distil-  in  ofdis- of 'mate- API  API
Providing ___for Distillation Azeotrope- lates, distill- tillate, distil- rial  Stand- Re-
Starting Vol., Purity, forming vol. ing ml. lation, in dis- ard, search,
Compound Material  liters mole % Kind®  substanced 9, column® hour hours tillate’/ ml ml.
2,2-Dimethyl-3- NBS Auto. 1.05 S Reg. and c. .. 200 4 336 A} 560 165
ethylpentane  Sec. s Azeo,s Me Cell 61 200 4 144 M
2,4-Dimethyl-3- NBS Auto. 0.68 99.3+0.2 Reg. and . .. 200 3 336 M} 425 85
ethylpentane  Sec. Azeo.? Me Cell 63 200 4 264 F
Cycloheptane APIRP45  2.99 99,97+0.01 Reg. . .. 200 4 864 A o Lo
2.38  99.98840.008 Azeo. Me Cell 64 200 4 1224 A 1075 330
3-Methyl-1-hex- APIRP45 4.1 .. Reg. el .. 200 4 1224 M e P
ene 2.60 v Azeo. Ethyl 69 200 4 1032 M 1150 340
alcohol
4-Methyl-trans- APIRP45 5.60 95.4+0.3 Reg. . .. 200 7 1104 M
2-hexene 2.90 98.04+0.2 Azeo, Ethyl 67 200 7 792 M
alcohol
2.15 99.640.1 Reg. and e .. 200 7 432 A
Azeo.r  Ethyl 67 200 7 192 F } 950 210
aleohol
2,4-Dimethyl-l- APIRP45 3.42*  08.9+0.2 Reg. .. .. 200 7 672 M
pentene 3.440 98.940.2 Reg. s .. 200 7 624 M
2.65 198.80.2 Azeo, Ethyl 73 200 7 600 M
alcohol
2.307 i98.0+0.2 Aszeo. Ethyl 73 200 7 600 M
alcohol
2.70%  99.724-0,12 Azeo. Ethyl 73 200 7 768 M 1085 325
alcohol
3,3-Dimethyl-1- APTRP45 5.93 99.59+0.12 Reg. cen .. 200 4 1584 A
pentene 4.38 99.78£0.10 Azeo, Ethyl 75 200 4 1920 A
alcohol
3.50 99,86+0.08 Reg. N .. 200 7 600 A 1430 360
3,4-Dimethyl- APIRP45 3.45 99.64+0.12 Reg. and ‘e .. 200 7 cee ..
cis-2-pentene Azeo.} Me Cell 86 200 4 1440 M
1.35 98.2+0.1 Azeo. Ethyl 62 200 4 624 M
aleohol
1.86%  99.90--0.07 Azeo. Ethyl 62 200 4 912 M 1175 360
alcohol
3,4-Dimethyl- APIRP45 3.18% 96.8+0.02 Reg. e .. 200 7 504 M L .
trans-2-pen- 2.31%  99.44+0.12 Azeo. Ethyl 64 200 7 672 M 945 245
tene alcohol
2-Methyl-trans- APIRP45 3.78 99.75-+0.08 Azeo. Me Cell 77 200 4 1440 A 1170 345
3-heptene

o Abbreviations represent APIRP45, American Petroleum Institute Research Project 45, Ohio State University, Columbus, Ohio;
APIRP6, American Petroleum Institute Research Project 6, Carnegie Institute of Technology Pittsburgh, Pa.; NBS Auto. Sec., Auto-
motive Sectlou National Bureau of Standards, Wash.mgton D. C.; Penn State, Hydrocarbon Laboratory, Pennsylvama State Univer-
sity, Umverslty Park, Pa.; Standard (Izdiana), Standard Oil Co. of Indlana, Whiting, Ind.

5 Bee (4) and (1 ') for further details.

¢ Azeo, azeotropic; Reg., regular.

4 Me Cell, met, 11 Cellosolve, ethylene glycol monomethyl ether; DPrG, dipropylene glycol.

Appmxlmate value obtained from actual volume of hydrocarbon recovered by extracting azeotrope-forming substance with water in
separatory funnels.

7 Designations refer to general locaticn of purest material in hydrecarbon part of distillate as a function of its volume. F, fore or front
of distillate; M, middle part of distillate; A, after part of distillate.

» Residue from regular distillation dist, illed azeotropically in order to recover it as distillate.

% Ons of two similar distillations.

 Purity of this material is lower than ongmal because of rearrangement during regular distillation.

7 Material from first distillation above.

* Material having substantially same composition from each of preceding two distillations,

! When half complete regular distillation was changed to azeotropic distillation,

= Second lot of 1-methylcyclopentene.

{Continued on page 363)
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Table . Purification of 20 APl Standard and APl Research Hydrocarbons (Confinued)

carbon alent Rate Loca-
in theoret- of tion ¢
ageo- ical collec- of Volume o
Hydrocarbon tropic plates tion Time purest Selected Sample
Taboratorys Charged distil-  in_ of dis- of - mate- APL  API
Providing for Distillation Azeotrope- late, distill- tillate, distil- rial Stand- Re-
Starting Vol, Purity, forming  vol. ing ml./ lation, indis- ard, search,
Compound Material  liters mole %, Kind® substanced 9, column® hour hours tillate/ ml ml.
2,5-Dimethyl- APIRP45 4.17 99.7540.08 Azeo, Me Cell 76 200 4 1725 M . ..
trans-3-hexene 2.92 99.85=0.06 Azeo. Me Cell 76 200 7 528 M 1200 335
2-Methy!-3- APIRP45 2.88 99.80+0.08 Azeo, Me Cell 78 200 4 1080 M 1160 340
ethyl-1-pen-
tene
3-Methyl-1,2-  APIRP45  3.65 93.6:+0.2 Reg. 200 7 624 M 1170 325
butadiene
1-Methylcyclo- Penn State 2.30 97.84£0.2 Reg. .. 135 4 696 M o
pentene Standard 1.81 97.9£0.2 Reg. and Lo .. 200 4 504 A .
(Indiana)™ ... S Azeo.? Methano!l 60 200 4 192 F ...
0.47 S Azeo Methanol 60 200 4 336 F . ...
2.03*  99.32+0.14 Azeo Methanol 60 200 7 408 M 850 200
1-Methyleyclo- Penn State 3.00 Reg. and e 200 4 670 A 750 195
hexene Lo Azeo.s Ethyl 30 200 4 314 F[
alcohol
1-Ethyleyelo- APIRP45  2.80° Azeo Me Cell 53 200 7 1320 M . .
hexene 2,840 Azeo Me Cell 53 200 7 1008 M . A
2. 500 Azeo, Me Cell 53 200 7 936 M L s
2500 ) Azeo Me Cell 53 200 7 1008 M . o
2.647 . Azeo. Me Cell 53 200 7 840 M e S
1.87 96.4+0.2 Azeo Me Cell 53 200 7 840 M o S
*1.20 97.8+0.2 Azeo Me Cell 53 200 9 336 F o e
2.70° .- Azeo Me Cell 53 200 9 606 M S e
1.90 . Azeo Me Cell 53 200 4 1344 M - ..
*1.01 98.240.1 Azeo Me Cell 53 200 9 336 10 L. .
1.62¢  99.4930.12 Azeo Me Cell 53 200 4 1296 M 850 220
Cyclohexyl- APIRPG" 7.62 . Reg. . 150 5 1656 A L. .
cyclohexane 3.65 99.98£0.01 Azeo DPrG 58 150 5 1320 M 1525 480
Cyclohexyl-  APIRP6"  7.52 s Reg. i .. 150 5 872 M ... "
benzene 3.60° 99.890.07 Azeo DPrG 58 150 5 1200 M 1500 380
3-Cyclopentyl- APIRP45 2.22 99.844+0.11 Azeo Me Cell 62 200 7 576 A 1170 350
1-propene
(Allyleyclo-
pentane)
Phenylbenzene APIRP67 5.40 97.8+0.02 Zone 1200 400
(Biphenyl) melting?

Distillation®

n Material from each of previous three distillations.

° One of four similar distillations,

Amt. No. of
hydro- equiv-

» Material having substantially same composition from two of four similar distillations (see o).
¢ Material having substantially the same composition from two distillations above which are marked with (*).
r Obtained by purchase of commercially available material.

 Purified by fractionation by zone melting.

As emphasized in the previous reports,
the blending of fractions of distillate for
the preparation of material of the highest
purity can be, done safely only on the
basis of the freezing points.

Table II gives the following informa-
tion for the compounds measured:
the kind of time-temperature curves,
whether freezing or melting, used to
determine the freezing point; the
freezing point of the actual sample;
the calculated value of the freezing point

for zero impurity; the value of the cryo-
scopic constant, determined from the
Jowering of the freezing point on the
addition of a known amount of a
suitable impurity (2, 4); and the cal-
culated amount of impurity in the APIL
Standard and Research materials.
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Table IL

Freezing Points and Purity of 20 API Standard and APl Research Hydrocarbons

Kind of
Time-
Temp.
Observa- .
7
U ;:é‘ sto Freezing Point of Actual Ma- %?;%ng;%}zc Caleulated Amount of Impurity
Determine _terial In Air at 1 Atm., °C.  Freesing Point for A, Mole in Actual Material ® Mole %
Freezing API API Zero Impurity in ~ Fraction/ API API
Compound Pointe Standard Research Air at 1 Atm., °C. Deg. Standard Research
2,2-Dimethyl-3-ethyl- ‘
pentane M —99.523 —99.511 —99.490+0.020  0.0407 0.13+0.08 0.08::0.08
2,4-Dimethyl-3-ethylpen-
tane M —122.418 —122.396 —122.364+ 0.03  0.0381 0.22+0.11 0.140.11
Cycloheptane M —8.124 ~8.124 —8.100+0.020 0.0033 0.0080.007 0.008+0.007
3-Methyl-1-hexene ¢(0.200.15) ¢(0.15+0.10)
4-Methyl-trans-2-hexene M —125.737 —125.723 —125.690::0.020 0.0388 0.1840.08 0.130.08
2,4-Dimethyl-1-pentene M —124.087 —124.086 —124.060=:0.020 0.0471 0.13=0.09 0.120.09
3,3-Dimethyl-1-pentene M —134.403 —134.402 —134.380+0.010 0.0466 0.11£0.05 0.10+0.05
3,4-Dimethyl-eis-2-pen-
tene M —124.253 —124.251 —124.235£0.015 0.0477 0.09=£0.07 0.08+0.07
3,4-Dimethyl-trans-2-pen-
tene M —~113.422 —113.417 ~113.395:0.020 0.0412 0.11=£0.08 0.09:0.08
2-Methyl-trans-5-heptene M —107.563 —107.552 —107.5204+0.015 0.0483 0.16£0.07 0.154+0.07
2,5-Dimethyl-irans-3-hex- .
ene M —95.222 —95.220 —~95.200-:0.015  0.0424 0.09+40.06 0.08+0.06
2-Methyl-3-ethyl-1-pent-
ene M —112.948 —112.948 —112.9000.020 0.0396 0.19£0.08 0.1940.08
3-Methyl-1,2-butadiene M —113.635 ~113.635 —113.625+0.010  0.0368 0.04:0.04 0.04:0.04
1-Methyleyclopentene M —126.562 - —126.556 —126.530=£0.020 0.0427 0.14+0.08 0.110.08
1-Methylcyclohexene? M - 1120A441 —120.433 —120.400+0.020 0.0427 0.18£0.08 0.14%0.08
(D (¢8] I
~—125.96+ 0.03
. (I1) (u)
1-Ethyleyclohexene M —110.000 —109.984 —109.96040.020  0.0430 0.17-£0.09 0.10=+0.09
Cyclohexyleyclohexane M 3.649 3.651 3.670=0.010 0.0110 - 0.023=%0.008 0.021=0.008
Cyclohexylberzene M 7.040 7.042 7.070£0.020 0.0245 0.07+£0.05 0.070.05
3-Cyclopentyl-1-propene
(allyleyclopentane) M ~110.695 —110.688 ~110.670+=0.020 0.0538 0.13£0.11 0.10:0.10
Phenylbenzene (biphenyl) M 68.961 68.964 68.970+0.010 0.0192 0.02::0.02 0.01+0.01

¢ M, melting. See (2) and (4) for experimental details and definition of cryoscopic constant.

& Values in this column, except 28 otherwise noted, were calculated as described in (2) and (4) using the values of cryoscopic constants
and freezing points for zero impurity given in previous columns. .

¢ Estimated by analogy with isomers subjected to similar purification.

@ This hydrocarbon has more tkan one crystalline form. Forms indicated are labeled I and 1T in order of decreasing temperature of
freezing point. Forms other than I will be, at their respective freezing points, in metastable equilibrium with the undercooled liquid,
but will be unstable with respect to transition to some other solid form at the same temperature and pressure (1 atm.). Such metastable
forms are indicated by (u) following Roman numeral.
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Flame Photometric Estimation of Copper

Application to Plant Tissue

H. F. MASSEY
University of Kentucky, Lexington, Ky.

P Copper in plant tissue is extracted
from a 0.1N hydrochloric acid solution
with a chloroform-kerosine solution of
dithizone and is determined by flame
photometer in this organic mixture,
The results obtained by this rapid
procedure compare reasonably well
with those obtained by the AOAC
method.

Yor several years copper has been

determined flame photometrically

in the agronomy laboratories of the

Kentucky Agricultural Experiment Sta-
tion.

The copper is extracted with dithi-
zone in chloroform or carbon tetra-
chloride, along with other heavy metals,
from a pH 8.5 ammonium citrate solu-
tion of the plant ash. The chloroform
is evaporated and the dithizone de-
stroyed with perchloric acid. The resi-
due is then made to 1 ml. and the
copper is determined on a Beckman
DU spectrophotometer with flame and
photomultiplier attachments.

This procedure works very well, but
it is rather tedious, and the use of small
volumes—necessary because the most
sensitive reliable standardization that
could be obtained was from 0 to 50
p.pm. of copper—tends to decrease
aceuracy.

Dean and Lady (3) extracted iron
from aqueous solution into an organic
phase and determined the iron directly
with the flame photometer. This work
suggested that other elements could be
determined in a similar manner, Dean
and Lady have recently reported a pro-
cedure for determining copper by flame
photometer in a chloroform extract
containing the copper as copper salicyl-
aldoxime (4). This gives a more
sensitive determination of copper than
the procedure -reported here, but it
requires a more exacting instrumental
process.

The above work indicated the feasi-
bility of determining copper directly
in the dithizone solution. The flame
photometer was found much less sen-
sitive to copper in carbon tetrachloride
and much more sensitive to copper in
.chloroform than in water, but chloro-

form did not give satisfactory atomiza-
tion, Wide fluctuation of the galva-
nometer needle seemed to be due to er-

- ratic atomization, perhaps caused by
" evaporation of the chloroform in the

capillary tube. For this reason, other
solvents and mixtures of chloroform
with other solvents were tried. The
best solvent found was a 1 to 1 mixture
of chloroform and ordinary kerosine,
Higher proportions of kerosine gave a
steadier flame, but the 1 to 1 mixture
was used in order to have the organic
phase settle to the bottom of the sepa-
ratory funnel. The optimum dithizone
concentration in the organic solvent
was next determined. High dithizone
concentrations adversely affected the
steadiness of the flame. A dithizone
concentration of 0.5 gram per liter was
selected, because it has little effect
on the flame but is high enough so that
10 ml. of the solvent completely ex-
tracts 200 v of copper from 200 ml. of
0.1N hydrochloric acid. The acidity of
the solution extracted was not critical;
the amount of copper extracted was
essentially the same with 1V, 0.1N
or 0.01¥ hydrochloric acid. The pres-
ence of 0.1N perchloric acid had no
effect on the extraction.

REAGENTS

Standard Copper Solution. A 50
p.p.m. stock solution is prepared by
dissolving 0.982 gram of clear un-
effloresced crystals of copper sulfate
pentahydrate in water, adding enough
hydrochloric acid to make the final
acidity 0.1N, and diluting to 500 ml.
This solution is stored in a tightly
sealed polyethylene bottle.

Extractant. One gram of dithizone
is dissolved in 1 liter of chloroform.
One part of this solution is mixed with
1 part of kerosine just prior to use.
The chloroform and the kerosine
should be checked for copper con-
tamination. Reagent grade chloro-
form was used in this study, but less
expensive grades might have been
satisfactory. The kerosine was ob-
tained from an oil station, and was
free from appreciable copper con-
tamination.

Hydrochloric acid, redistilled 6N.
Nitric acid, redistilled.
Perchloric acid, reagent grade.

EQUIPMENT

Flame Photometer. A Beckman
Model DU spectrophotometer with
flame and photomultiplier attachments
was used. The exact settings depend
somewhat upon the instrument, but
those used in this study were:

Selector switch 0.1
Sensitivity 2

Zero suppression 1
Phototube Blue

Slit 0.3

He pressure 2.5

0, pressure 20.0
Wave length 324.8

Hot Plate. A sfeam or low tem-

perature clectric hot plate maintaining
a temperature of near 100° C. is used
for the preliminary digestion. An
electric or gas hot plate capable of
boiling perchloric acid is used for the
final digestion, under a hood designed
for perchloric acid digestions.

PROCEDURE

Preparation of Standard Curve.
Aliquots of the standard copper solu-
tion sufficient to give 0, 50, 100, 150,
and 200 v of copper are added to 200-
ml. portions of 0.1N hydrochloric acid
in 500-ml. separatory funnels. A 10-ml.
aliquot of the chloroform-kerosine solu-
tion of dithizone is then added and the
copper is extracted into the organic
phase. Although practically all of the
copper goes into the organic phase, the
extraction is rather slow. FEach funnel
is vigorously shaken for 3 minutes or
for several shorter intervals. A small
piece of filter paper is inserted into the
stem of each funnel, to remove any
water droplets that may be trapped in
the bore of the stopcock. The organic
phase containing the copper is left in the
funnel until the flame . photometer is
warmed up and ready for use. Then
approximately 2 ml. of the organic phase
from each funnel is placed in a sample
cup, which is quickly covered. The
mstrument is set at 0 with the zero
standard and at 100 with the 200-v
standard, and the other standards
are quickly run. Another aliguot of
the organic phase in each funnel is
then placed in a clean sample cup and
the procedure is repeated. It is not
advisable to go back to check a previ-
ously run sample, because chloroform
may evaporate. If it is necessary to
check a sample again, a fresh aliquot
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in a clean sample cup should be used.
The working curve obtained is nearly
straight and remnins fairly constant.
Analysis of Plant Tissue. A sample
of plant tissue (ordinarily 5 grams) con-
taining less than 200 v of copper is placed
in a 400-ml. beaker and treated with 40
ml. of redistilled nitric acid. If the plant
tissue is low in copper or only small
samples are available, it may be ad-
visible to standardize with smaller
quantities of copper than those given
above. After foaming has stopped, the
beaker is covered, placed an the low tem-
perature hot plate, and left until the con-
tents are dry. This can conveniently
be overnight. If a large amount of
charred material remains, the treat-
ment is repeated; if not, 20 ml. of nitric
acid and 5 ml. of perchloric acid are
added, and the beaker is placed on the
high temperature hot plate and taken
to near dryness. If charring appears
when the perchloric acid starts to boil,
the beaker is removed from the hot plate
and more nitric acid iz added. Once
the perchloric acid has started to boil,
the cover glass is removed from the
beaker to hasten removal of excess acid.
When the acid has practically all evap-
orated, the beaker is removed from the
kot plate; when it has cooled, 20 ml.
of 1N hydrochloric acid is added, the
cover is replaced, and the solution is
brought to & boil on the hot plate. The
beaker is then removed, 100 m}. of water
is added, and the contents are trans-
ferred to a 500-ml. separatory funnel.
The volume in the separatory funnel is
made to approximately 200 ml. and the
copper Is extracted from the solution.

Table I. Values for Working Curve

in Flame Photometer Determination of

Copper Complexed with Dithizone in
Chloroform-Kerosine Mixture

Standard Cu in Dial
No. 10 ML, ¥ Reading

1 (] 0

2 50 30

3 100 57

4 150 79

5 200 100

The copper in the organic phase is de-
termined on the flame photometer
as with the standards, A blank is taken
through the entire procedure as a check
on possible contamination. Zero- and
200-v standards are taken through the
extraction and used to standardize the
flame photometer before the samples are
run. It is not necessary to use a com-
plete set of standards with cach group
of samples, for the shape of the working
curve is relatively constant. This curve
should be checked occasionally.

Chemical Analysis. Chemical anal-
yses were performed by the AOAC
carbamate method (Z).

RESULTS

The working curve values obtained
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with standard solutions are shown in
Table 1. The working curve shows a
slight eurvature, which may be assumed
to be the result of self-absorption of the
copper radiation (2), Palladium, plat-
inum, silver, and mercury are also ex-
tracted by dithizone from 0.1N hy-
drochloric acid, but none is ordinarily
present in very large quantities in plant
tissue. Mercury might be present in
appreciable quantities if & mercury-
containing fungicide had been applied
to the plants. Mercury has a weak
line at 235.7 mu and might inte:fere.
Zero- and 200-y copper standards
were taken through the procedure with
and without 200 v of added mercury.
The mercury did not affect the results.
As a further check on the procedure, the
recovery of copper added to various
plant samples and to a synthetic ash
was determined (Table II). The syn-
thetic ash was compounded from
Johnson-Matthey Specpure chemicals
and was intended to represent the ash
from 5 grams of “average” plant tissue.
The satisfactory recovery of added
copper from both plant samples and
synthetic ash indieates that the copper
is being uniformly extracted and that no
plant constituent is affecting the extrac-
tion of the copper or its determination
in the extract.

Table Il. Recovery of Added Copper

Recogery

O,
o Added
_ Material Taken_ Found, Copper,

Grams ¥ Y

1  Rye forage 110
1 Rye forage +
40 ~ copper 153 43

2.5 Tobacco 23
2.5 Tobacco + 40

< copper 62 39
2.5 Pasture herb-

age 29
2.5 Pasture herb-

age + 20 +

caopper ’ 19 20
2.5 Pasture herb-

age + 50 v

copper 81 52
0.5 Synthetic ash [V}
0.5 Synthetic ash

+. 80 v

copper 51 51

Four plant samples having copper
concentrations of 6 to 110 p.p.m. were
analyzed in quadruplicate by the pro-
posed method and in duplicate by the
AQAC method (Table III). The
methods gave good agreement and vari-
ation between replicate samples was
only a little larger with the flame
photometric method. The greatest var-
iation between replicate sumples in the
flame photometric procedure was about

Table lll. Comparison of Flame Photo-
metric and Spectrophotometric Pro-
cedures
Copper Found,
_—
Flame Spectro-

Material Taken photo- photo-

Grams metric metric
5 Tung leaf 28 31
29 30
29
28
2.5 Pasture herbage 29 31
29 29
27
30
2.5 Tobacco 22 22
23 24
23
23
1 Rye forage 110 108
112 112
116
110

10% and the average variation from the
mean was 2.1%,

DISCUSSION

The flame photometric method for the
determination of copper in plant tissues
is easy and rapid, and is relatively
trouble-free. Only one reagent, the
extracting solution, must be quantita-
tively measured. Caution is required
only in preventing evaporation losses
of the solvent from the time it is taken
from the separatory funnel until it is
atomized in the flame. This loss is
easily avoided by working rapidly at
this point. The procedure should find
considerable use in analyzing plant
tissue, if the highest possible accuracy
is not necessary. It should be easily
adaptable to the analysis of other ma-
terials, where the quantity of copper
is in the given or perhaps a slightly
lower range.

LITERATURE CITED

(1) Assoc. Offic. Agr. Chemists, “Official
and Tentative Methods of An-
alysis,” 6th ed., pp. 122-3, 1945.

@) Deag, I A, Anan. CuEM. 27, 1224-9

55

(1955).
(8) Dean, J. A., Lady, J. I, Ibid., 27,
15336 (1955).
(4) Ibid., 28, 1887 (1956),

Receivep for review July 25, 1956.
Accepted November 23, 1956. Contribu-
tion from the Agronomy Department,
University of Kentucky, Lexington, Ky.,
published with the permission of the
director of the Kentucky Agricultural
Experiment Station. Work supported
in part by a grant from the Keeneland
Foundation.



Extrapolation Plot for Photometric Titration of Weak

Bases in Aqueous and Nonagueous Systems

CARL REHM' and TAKERU HIGUCHI

School of Pharmacy, University of Wisconsin, Madison, Wis.

P A method is described for plotting
photometric titration data in a way
that permits linear extrapolation of
information obtained beyond the end
point to give the stoichiometric value.
Data are given illustrating the applica-
tion of the procedure to titration of
extremely weak bases in water and to
titration of practically nonbasic com-
pounds such as urea and amides in
acetic acid. The procedure permits
acid-base titration with much greater
accuracy than do  visual systems.
Many systems which do not yield
suitahle results by potentiometric means
are amenable to this technique be-
cauvse of its inherently greater sensi-

tivity.

wo TYPES of linear plots have been

discussed previously (4) for the
determination of indicator titration
end points by photometric methods.
These plots, based on equilibria involv-
ing both the indicator and the weak
base or acid undergoing titration, per-
mitted accurate extrapolation to the
stoichiometric end point from regions
prior to the end point.

This work is concerned with a third
type of linear plot obtained by use of
relatively weakly basic indicators, such
that the changes in the indicator color
occur primarily after a basic sample
has been titrated with an acidic titrant.
The extrapolations to the stoichiometric
end points in these cases are from re-
gions well past the end points. The
Type III plots are particularly suited
for titration in water of weak bases
such as pyridine, aniline, acetates,
benzoates, and the like, which are
very difficult to titrate . visually or
potentiometrically. The method is also
applicable to titration, in the presence
of indicators, of extremely weak bases
(urea, certain amides) in nonaqueous
systems such as acetic acid.

THEORY

Titrations in Aqueous Systems.

! Present address, Analytical Research
Department, Ciba Pharmaceutical Prod-
ucts, Ine., Summit, N. J.

For systems containing a weak indi-
cator, one can expect the acid-base
ratio of the indicator to change lin-
early beyond the end point with the
amount of strong acid or base added.
For example, if a weak base, B, is
being titrated in water with a strong
acid, the system will coutain essen-
tially two acidic species, BH* and
H;0*. If, for a weakly basie indicator,
the equilibrium

BH'+4+ I=B 4 IH*

is far to the left, the concentration of
BH* will have very little effect on elicit-
ing a color change. Beyond the end
point, however, when the concentration

740
ML 1,304 N HCI

o
€60

Figure 1. Type lil plot for titrafion of
aniline in water with 1.304N hydro-
chloric acid using Metanil
indicator

Yellow

of Hy0* the

equilibrium

becomes appreciable,

HO* + I = H,0 + IH~*

comes into play. The constant for the
above equilibrium can be written as

K:QgiTH“?)i’=K, ()

or

HO+ = K m{

(2)
If the amount of excess acid present
in the system is made to equal X — 8,
where X is the tdtal amount of the stand-
ard acid added and S is the volume of
the acid required to convert stoichio-
metrically the amount of base B origi-
nally present to its conjugate form
(BH™), the resulting equation is

IH+*
I

X-8=K v (3)

where V is the total volume of solution
contained in the titration vessel, Thus,

. IHA o
a plot of ratio I s X will yield a
straight line with an intercept corre-
sponding to S.

To obtain analytically useful forms
of the plot from the titration of weak
bases, the indicator should besufficiently
weak so that the observed color change
is that defined by Equation 2. For
titrations of weak bases with pK,

5.0,

400

Figure 2, Titration of sodium
citrate in water with 1.304N
hydrochloric acid using Metanil
Yellow indicator L

- ! L L i 1
212 216 220 224 228

ML (304 N HCl
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Table I

Determination of Weak Bases from Photometric Data by Titration in Water and Acetic Acid

Base, Mg. Precision,
Base Indicator Taken Found? mg.°
Wealk Bases with 1.304N Hydrochloric Acid in Water
Sodium acetate Metanil Yellow 522.4 523.1 0.5
Sodium benzoates Metanil Yellow 573.1 572.3 0.5
Aniline® Metanil Yellow 639.5 637.9 5.8
Pyridine Metanil Yellow 694.0 694.4 2.0
Very Weak Bases with 0.1034N Perchloric Acid in Acetic Acid
Urea Sudan T1I 65.6 65.3 0.1
Antipyrine Sudan 111 200.1 199.7 0.2
N-Methylpyrrolidone Sudan IIT 88.9 87.8 2.0

e Ethyl alcohol-water, 1 to 1, used as solvent.

8 Average of three.
¢ Standard deviation.

values of 9 or less, indicators with
pK; values of 1.5 to 2.0 and strong min-
eral acids of moderate concentration
(0.5 to 2.0¥) bave been found useful.
For the titration of weaker bases, cor-
respondingly weaker indicators and
considerably stronger acid should be
used.

The Type HI plots are closely re-
lated to the absorbance-volume plots
of Goddu and Hume (2, 3). As Equation
3 shows, a plot of the volume of the
titrant added against IH™, as de-
termined by the absorbance of the
solution (it is assumed that the base
form of the indicator does not absorb),
would be approximately linear if the
extent of the conversion of the indicator
to its acid color were kept very small.
Direct absorbance plots, however, would
have been of little value in the systems
investigated here, as they would have
led to highly curved lincs. Further-
more, the direct plot of absorbance is
of little use for indicators whose base

18
18
14
12|
I /
108
"
I
08}
osl-
04 /
Q.2f-
oy o o Loy
© Lo 2.0
ML, 0.106 N PERCHLORIC ACID
Figure 3. Blank titration of 25 ml.

of glacial acetic acid with 0.106N
perchloric acid using Sudan il
indicator
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form absorbs significantly at the wave
length employed for the photometric
measurements.

Titrations in- Acetic Acid Systems.
Several indicators which have been
recently evaluated for the acetic acid
system are so weakly basic that they
exhibit a color change only in the
presence of a strong acid such as per-
chloric acid (4). The equilibrium cor-
responding to this color change can be
written as

I + HCIO, = 1.HCIO,

o8

TP SN AU U S S |
000 10,90 (080 1120
ML. 0.1034N HClOg4

and the corresponding equilibrium con-
stant is

(L.HCIO,)

K = Wcioy)

(4)

By rearranging the above equation
into the form
HCl0, = k THI0) (5)

where [.HCIO, = the acid form of the
indicator resulting
from interaction with

4

<

Figure 4. Type lll plot for titration
of urea in acetic acid with 0.1034N
perchloric acid using Sudan il
indicator

20l

S
Figure 5. Tifration of N- L
methyipyrrolidone in acetic oL
acid with 0.1034N perchloric
acid using Sudan Hll indicator

8.6

1
9.0 9.4 a8 10.2 0.6
ML. 01034 K HCIQ

I )



I = the base form of the
indicator

(I.HCI0:)
I
volume of added perchloric acid will
yield a straight line with an intercept
corresponding to the stoichiometric
end point of the titration. In order to

a plot of ratio against the

obtain linearity of such plots, the follow-

ing equilibrium must be far to the left:
I + BH*CIOy~ =IH*CIO,~ + B

where B = the base being titrated
BHCIO, = the perchlorate salt of
the base

In cases where equilibrium between
the indicator and the base perchlorate
is significant, curvature of such -plots
can be expected, especially near the
end point.

EXPERIMENTAL

Reagents and Chemicals. Hydro-
chloric acid solution, 1.3N in water,
standardized against sodium carbo-
nate.

Perchloric acid solution in acetic acid,
0.1¥, prepared according to Fritz (1)
and standardized against triphenyl-
guanidine.

'zlxcetic acid, ACS reagent grade, gla-
cial.

Sodium acetate, ACS reagent grade,
anhydrous.

Sodium benzoate, USP.

Aniline, ACS reagent grade, redis-
tilled. :

Pyridine, ACS reagent grade, redis-
tilled.

Urea, recrystallized from ethyl alco-
hol-water mixture and dried under
vacuum.

Antipyrine, recrystallized from ethyl
alcohol-water mixture and dried under
vaguum.

N-Methylpyrrolidone, General Ani-
line and Film Corp., fractionally redis-
tilled (50-plate Oldershaw) under re-
duced pressure.

Metanil Yellow, Eastman Kodak.

Sudan ITI, National Aniline Division,
Allied Chemical and Dye Corp. .

Procedure. The experimental pro-
cedures used were essentially the same
as previously described (5), except
that the . absorbance measurements
were made using a Bausch & Lomb
Spectronic 20 colorimeter.

Indicator acid-base ratios were calcu-
lated from the indicator absorbance
data by means of the equation

TH:_ A -4,
I  4.-4
where A, = absorbance of pure acid
orm of indicator

()

A
Ay

absorbance during titration
absorbance of pure base
form of indicator

[

The absorbance of the pure acid form
of the indicator was obtained at the end
of the titration after a large excess of
acid had been added to the system.
The absorbanee of the pure base form of
the indicator, if significant at the wave
length used, was obtained at the begin-
ning of the titration before the addition
of standard acid. The wave lengths
used in these titrations corresponded to
the absorption peaks of the acid forms of
the indicat;ors.

" TYPICAL RESULTS

Titrations in Aqueous Systems. In
Figure 1 is shown a typical plot ob-
tained during photometric titration of
aniline in water with 1.3N hydrochloric
acid in the presence of Metanil Yellow.

I+
Values of 5 as computed from the

absorbance data obtained at 530 mg,
were plotted against the volume of
standard acid added, giving a straight
line, the intercept of which corresponded
to the stoichiometric end point. Similar
linear plots were obtained for the titra-
tions of sodium acetate, sodium ben-
zoate and pyridine. The results of
titrations of these weak bases (Table
I) show that precisions of the order of
a few tenths of a per cent were obtained
in most instances. It is questionable
whether any other titrimetric procedure
is inherently capable of yielding superior
results for these same systems.

Titrations of sodium citrate (pK, for
dihydrogen citrate = 10.9) and glycine
(pKs = 11.6) in the presence of Metanil
Yellow gave plots which approached
linearity only at relatively high values
" H+
of ~1—.
the end points in these cases are, as
may be expected, somewhat difficult.
Figure 2 is a typical plot obtained for
sodium citrate. Extrapolation of the
linear portion of the curve permitted
estimation’ of the amount of citrate
present to: about. 2%,. The curve ob-
tained in the case of glycine did not
permit simple extrapolation. Better
plots for these compounds may be ex-
pected by using a weaker indicator and
a somewhat more concentrated standard
acid solution.

Titrations in Acetic Acid. Sudan
IIT, which behaves as an extremely
weak indicator in acetic acid (5), gave

Accurate extrapolations to

Type III plots for bases even as weak
as urea. It was thought that the
small amounts of water commonly
present in acetic acid might interfere
with the titration of weak bases by
this method. However, 2 blank titra-
tion in acetic acid containing about
0.29%, water gave a Type III plot (Figure
3) which was linear and passed through
the origin upon extrapolation, indicating
that no detectable titratable impurities
were present in the solvent.

A standardized solution of perchloric
acid in acetic acid containing Sudan
111 indicator was used to titrate several
very weak bases in acetic acid by the

method described. Linear plots of
+

% vs. the volume of perchloric acid

added were obtained for urea and anti-
pyrine, both extremely weak bases.
A typical plot obtained for the titration
of urea is shown in Figure 4, the inter-
cept representing the end point. Ab-
sorbance measurements were made at
615 mu. The data in Table I show
that these compounds were titrated
with a precision of about 0.1%. A
similar plot for the titration of N-
methylpyrrolidone, however, did not
approach linearity until relatively high
indicator acid-base ratios were reached,
making accurate extrapolation to the
end point somewhat difficult. - Figure
5 shows, however, that it was possible
to extrapolate the linear portion of
the curve, permitting estimation of the
amount of N-methylpyrrolidone present
to about £2%,.
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Determination of Strontium by X-Ray

Fluorescence Spectrometry

CLAUDE A. LUCCHES!!
Shel! Development Co., Houston, Tex.

P A precise, rapid, and reliable x-ray
fluorescence spectrometric method has
been developed for the determination
of strontium. This method is applica-
ble to the analysis of a wide variety of
earth substances. Ytirium is used as
an internal standard. Calcium does
not interfere. Only 100 mg. of sam-
ple is required, and a single deter-
mination con be made in 30 minutes.
In the analysis of impure anhydrite, the
standard deviation of the method is
0.005%, strontium over the concentra-
tion range 0.005 to 0.4%.

N[ANY oil-bearing formations are
1 largely composed of sediments
containing calcium 1inerals, partic-
ularly the carbonates and the sulfates.
The strontium-calcium ratio in these
sediments would be of value in geologi-
cal investigations. In the past, it has
been impractical to study the signifi-
cance of this ratio, as a reliable method
for determining strontium in the pres-
ence of high calcium cencentrations has
been unavailable. The expressed need
for & rapid and reliable method for the
determination of strontium in impure
anhydrite promoted the development
of the method described in this paper.

Vartous chemical and instrumental
methods have been proposed for the
determination of strontium in the
presence of other alkaline earths (3, 8,
11, 12). These methods are excessively
time-consuming and unreliable when
applied to the analysis of earth sub-
stances. Accordingly, the applicability
of x-ray fluorescence spectrometry was
investigated.

The principles of x-ray fluorescence
spectrometry have been discussed fully
in papers by members of the Naval
Research Laboratories (4, 5, 9, 10).
Although x-ray fluorescence is being
used rather widely for the analysis of
metals and alloys, relatively few applica-
tions to mireral analysis have appeared
in the literature. Such applications
can be found in papers by members of

I Present address, Analytical Research
Department, The Sherwin-Williams Co.,
Chieago 28, 11
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the U.8. Geological Survey and the
U.8. Bureau of Mines (1, 2, 6, 7).

INSTRUMENTATION

Spectrometer. A North American
Philips x-ray fluorescence spectrom-
eter attachment Type 52157-A was
used in conjunction with the basic x-
ray diffraction source unit. Collima-
tion in this type of spectrometer is
accomplished with an open source
collimator and a 4-inch receiving col-
limator consisting of 0.001-inch-thick
flat nickel plates spaced 0.005 inch
apart. A Machlett OEG-50 tungsten
target tube was used as the source of
primary x-rays. The voltage and cur-
rent supplied to the tube were regulated
to +0.25% and +0.19, respectively.
An argon-halogen filled Geiger tube was
used as the detector. All intensity
measurements were made in air.

Analyzer Crystal. A lithium flu-
oride analyzer crystal was chosen be-
cause of its great reflectivity. It was
mounted in a holder which could be
positioned reproducibly in the instru-
ment.

Sample Holder. The sample holder
was made of 28-O aluminum. Tts
scattering power is low and its fluores-
cence spectra cannot be detected with
conventional instrumentation.

The holder was made to fit into the
sample tray supplied with the instru-

ment. It was 5.08 cm. long, 3.49 cm.
wide, and 1.27 cm. deep. An area 22.2
by 34.8 mm. was exposed to the primary
beam. The powdered sample was
packed into a circular recess 17.5 mm.
in diameter and 0.397 mm. (!/a inch)
deep.

Stirring Apparatus. This was made
from an 8-ounce, screw-cap bottle and
a stirring blade powered with an Eastern
stirrer Model 1. The stirring blade is a
modification of the one supplied with
the Eastern stirrer. One to 2 grams of
dry material can be homogenized in this
apparatus in about 10 minutes. A
small egg beater-like attachment was
used for homogenizing 200 to 300 mg. of
material.

INTERNAL STANDARD

In order to relate the intensity of
fluorescent radiation to the concentra-
tion of the emitting element it is neces-
sary to correct for absorption by the
matrix. The most practical way to
apply a systematic correction is by the
use of an internal standard technique

A suitable internal standard is an
element which is not present in the
sample and which has an excitation
voltage close to that of the element to
be determined. Yttrium was selected
as the internal standard for the deter-
mination of strontium. The spectral.

Table L. Spectral Characteristics of Strontium and Yttrium
Bragg Angle (26),
Critical Lithium Fluoride
Atomic Voltage, Ko Kg K-Absorption Crystal

Element No. Kv. Line, A. Line, A. Edge, A. Ka Kg
Strontium 38 16.1 0.877 0.783 0.770 25.16 22.42
Yttrium 39 17.0 0.831 0.740 0.727 23.82 21.18

Table il. Calibration Data for Determination of Strontium in Anhydrite

Measurement of Y Ko at

Strontium 2 = 23.82°, Time (Sec.) for
Conen., % 6400 Counts
1 2 3 Av.
0.0000 41.2 40.8 41.2 41.1
0.1000 40.1 40.4 39.8 40.1
0.2000 40.2 40.6 39.8 40.2
0.3000 40.3 40.0 39.8 40.0
0.4000 42.4 426 422 424

o Intensity Sr Ko _

Measurement of Sr Ku at Intensity
20 = 25.16°, Time (Sec.) for Ratio,»
6400 Counts Sr Ko/Y Ka
1 2 3 Av.
8.7 80.5 79.2 80.1 0.5131
60.4 61.2 60.3 60.6 0.6617
495 49.2 50.2 49.6 0.8105
41.7 41.1 42.0 41.6 0.9615
38.8 39.3 383 38.8 1.093 .

counts per sec. at Sr Ko peak _ time for 6400 counts at Y K« peak

intensity Y Ko counts per sec. at ¥ K peak ~ timefor 6400 counts at Sr Ka peak




characteristics of yttrium and strontium
are given in Table I. The K, line of
each element was chosen for intensity
measurements and the ratio of the
intensity of strontium XK, to yttrium
K. was taken as a measure of the
strontium content of the sample.

The excitation conditions chesen for
the work presented in this paper were
45 kv. and 30 ma.

EXPERIMENTAL

The approximate concentration of
the strontium in each sample of impure
anhydrite was first determined by
placing the powdered samples in the x-
ray spectrometer and scanning in the
region of the strontium K lines, 20° to
27° (26), using the lithium fluoride
crystal. This preliminary scan also
served to detect possible interferences.
Standard samples covering the neces-
sary concentration range were then pre-
pared with strontium carbonate and
yttrium oxide, with a synthetic anhy-
drite as the base material.

Standard Reagents. The stron-
tium carbonate used was Specpure
J.M. 91, obtained from the Jarrell-Ash
Co. A yttrium oxide, 99%, pure, was
used as the internal standard; this was
purchased from Research Chemicals,
Inc., Burbank, Calif.

The synthetic anhydrite was prepared
from Baker’s analyzed, ACS reagent
grade (low in alkalies) calcium carbo-
nate. The carbonate was converted to
the sulfate by dissolving it in concen-
trated hydrochloric acid and precipitat-
ing the calcium with sulfuric acid. The
precipitate was washed, dried, and
heated at 350° C. for 24 hours. An x-
ray diffraction pattern showed that the
caleium sulfate was in the anhydrite
form. No strontium was detected in
the anhydrite by x-ray fluorescence
analysis.

Preparation of Calibration Stand-
ards. The preliminary scans of the
impure anhydrite samples indicated
that these samples contained from 0.0 to
0.39%, strontium. Accordingly, stand-
ards containing 0.000, 0.100, 0.200,
0.300, and 0.4009; strontium were pre-
pared by mixing the required amount of
strontium carbonate and synthetic an-
hydrite. A matrix mix containing
0.400% vyttrium was also made from
yttrium oxide and the anhydrite. Cali-
bration standards were prepared by
mixing equal weights of the strontium
standards and the matrix mix. All

Table lll.  Variation of Intensity Ratio
with Particle Size®

Particle Size,  Ise, Iy,
Mesh c./s. c./s. Is./Ix
—100 281.9 247.1 1.14
—200 320.0 284.4 1.16
—326 331.6 278.3 1.19
—400 352.6 288 R 122

@ Data obtained with anhydrite sample
containing 0.5% strontium and 0.59%,
yttrium at 45 kv. and 30 ma. A 12,800-
fixed count was taken in each case.

materials were ground to 200 mesh
before mixing.

The yttrium oxide and the synthetic
anhydrite were homogenized by stirring
in an Osterizer for 3 hours. The
strontium standards and the calibration
standards were mixed in the stirring
apparatus.

Construction of Calibration Curve.
A calibration curve was constructed
by plotting the intensity ratio of the
yttrium K, line against the weight per
cent of strontium in the strontium
standards. The intensity ratio was
obtained by measuring the time for
19,200 counts at the peak of each line
and dividing the time for the yttrium
count by the time for the strontium
count. Three counts of 6400 each
were made for each line, and the average
count was used in caleulating the
intensity ratio. No corrections for
background or dead time of the Geiger
tube were made. The calibration curve
is strictly empirical.

A working eurve was constructed at
the same time the samples were rum.
Typical data used in the construction of
the curve are shown in Table II. A
least-squares treatment of all the data
was made and an analytical expression
for the per cent strontium was derived:

strontium and yttrium radiation. As
the particle size decreases, the intensity
increases. But the gain in sensitivity
obtained in going from 200- to 400-
mesh samples is not justified because of
the increase in time required to pre-
pare the finer samples.

The increase in the ratios of strontium
to yttrium intensities with decreasing
particle size cannot be explained by
variations in the density of the packings.
Adler and Axelrod (1) and Mortimore,
Romans, and Tews (I3) attribute this
type of variation to particle size effects
and indicate that the variation is due
to a lack of complete intimacy between
the internal standard and the sample.
The latter investigators (18) found that
in the case of columbium and tantalum
ores coroplete intimacy could be ob-
tained only by chemical treatment of
the ores. Adler and Axelrod (1) found
that a grinding technique scemed to
allow analyses to be made with an
accuracy of about 5% in the worst
cases investigated by them. The accu-
racy with which the intensity ratio is
determined is the limiting factor in the
accuracy of the determination.

Strontium, % = 0.6920 (intensity ratio St Ko/Y Ka) — 0.3602 1)

PROCEDURE

Grind the entire sample to pass
through a 200-mesh screen. Place
100.0 mg. of the sample in a 5-ml
beaker. Add an equal weight of matrix
mix. Stir the dry mixture with the
Eastern stirrer for 5 to 10 minutes, and
place the powder in the sample holder.
Place the sample in position in the
instrument and scan from 20° to 27°
(20). If no interferences are found,
measure the time for 19,200 counts at
the yttrium and strontium peaks under
exactly the same conditions used for the
standard samples. Calculate the in-
tensity ratio, and read the per cent
strontium from the calibration curve.

DISCUSSION

Table III shows the effect of mesh
size of the sample on the intensity of

Matrix. ‘With the internal stand-
ard technigue the matrix composition
is not ecritical. However, the best
choice of matrix material is one which
approximates the composition of the
samples to be analyzed. Since the
samples were aphydrite, a strontium-
free anhydrite was used as the matrix
for the standards and as a diluent for
the samples.

Mixing. The effectiveness of the
mixing procedure was tested by
measuring the fluorescent intensity of
an element in different aliquots of a
material. :

The matrix mix and a standard were
chosen for study. The yttrium distri-
bution in the matrix mix and the stron-
tium® distribution in the standard were
determined on five separate portions of
each material. Each portion was counted

Table IV. Replicate Yttrium Determination on Various Portions of Matrix Mix
. Time, Sec. for 6400 Counts at Y Ku Peak

1 2 3 4 5
Undisturbed Sample
28.9 28.3 28.5 29.0 28.1
28.3 28.2 28.1 28.0 28.3
28.1 28.0 28.5 29.0 28.5
27.9 28.0 28.6 28.3 28.0
28.2 27.8 29.0 28.6 28.4
Repacked Sample
29.4 28.0 29.5 28.6 28 .4
29.0 28 .2 29.5 28.6 28.2
28.9 28.4 27.8 28.1 27.9
28.7 28.0 28.7 28.4 28.1
29.5 28.0 27.3 28.5 28.4
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in two ways. First, it wasplaced in the
instrument and five fixed counts were
made without disturbing the sample.
Second, the sample was removed from
the instrument, poured out of the sample
holder, repacked, and placed back in
the instrument for counting. One
fixed count was taken. Then the sample
was removed, repacked, and returned
to the instrument for another count
until a total of five counts on repacked
samples.had been made.

In this way the variance due to the
distribution of the element in the
material, the variance due to packing,
and the replicate variance are’separated.
Table IV presents the data obtained
for yttrium in fthe matrix mix. The
actual quantity measured was the time
in seconds required to accumulate 6400
counts af{ the ytirium X, peak.
Table V shows the analysis of variance
from the data in Table IV. None of
the F values are significant at the 999
confidence level (74). Thus, at this
confidence level there is no evidence of
a difference among the various sample
portions. Therefore, it is concluded
that the matrix mix is homogeneous
and the mixing procedure is adequate.
A similar experiment performed with
the strontiumn standard led to the same
conclusion, .

Interferences. The internal stand-
ard technique is valid only if the
various elements in the matrix of the
sample affect the reference line and the
analytical line in exaetly the same way.
If either line is selectively absorbed or
enhanced by a matrix element, the inten-
sity ratio is not a frue measure of the
analytical element. In order for an
element to cause selective absorption or
enhancement, it must have either an
absorption edge between the two emis-
sion lines being measured or a strong
emission line between the absorption
edges of the elements involved (7).
In the case of the line pair, strontium
K, and yttrium K., only four- ele-
ments can cause this type of intbrfer-
ence: krypten, niobium, uranium, and
thorium.

Elements which give rise to emission
lines falling so close to the analytical or
reference line that they cannot be
resolved also cause interference. In
the determination of strontium, rubid-
ium is the most likely interference of
this type.

Precision. The precision of the
analytical procedure was estimated by
two different methods. The first
estimate was based upon the devia-
tions of the calibration points from the
fitted straight line. Estimate of the
standard deviation (based on 3 X 5400
or 19,200 counts for each line intensity)
equals

\/ WE = 0.0049 @
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Table V. Analysis of Variance from Data in Table IV

Source of Sum of

Variance Squares
Aliquots 24.3
Packing 2.4
Interaction 15.0
Replicates 69.7
Experimental 41.7
Total 111.4

Degrees of

Freedom Variance F
4 6.10 3.51¢
1 2.40 1.40%
4 3.75 2.16¢
40 1.74
9
49

* To be significant at 99% confidence level, F must be 3.83.
5 To be significant at 999, confidence level, F must be 7.31.

Table VI

Statistical Treatment of Data Obtained on Standard Samples Used in

Preparation of Working Curve for Determination of Strontium in Anhydrite

Strontium in Intensity Ratio,

Sample, % 8r Ka/Y Ke
0.0000 0.5131
0.1000 0.6617
0.2000 0.8105
0.3000 0.9615
0.4000 1.003

Caled. Strontium

Difference between
Chemical and

Content, % X-Ray Methods, d
—0.0051 0.0051
0.0977 0.0023
0.2007 —0.0007
0.3052 —0.0052
0.3962 0.0038

The sccond estimate was obtained from
replicate determinations of the stron-
tlum in a ‘sample. Data for these
methods are shown in Tables VI and
VIL

Reproducibility of  Calibration
Curve. The calibration data ob-
tained on various days showed a
greater variance than the variance of
the method for any one day with a
particular calibration curve. The data
from a set of standards obtained on five
different days are compared in Table
VIII. The values shown in terms of
per cent strontium are higher than the
standard deviation of 0.0059 strontium
for the method. This indicates that
for the best possible precision a cali-
bration curve should be prepared at the
same time the samples are run.

Accuracy. An cstimate of the
accuracy of the anhydride analysis
was made by determining the stron-
tium in National Bureau of Standards’
sample 1A, argillaceous limestone. The
average of five determinations by the
x-ray fluorescence procedure showed
standard sample 1A contained 0.197%
strontium instead of the 0.109} stron-

tium indicated on the National Bureau of
Standards’ certificate of analysis. A
similar discrepancy has also been found
by Diamond (8), who rcported a
strontium content of 0.19%. An opti-
cal emission spectrographic determina-
tion of the strontium in sample 1A gave -
a value of 0.17%,. The values obtained
by the three methods agree to within
the limits of error for each method.

Table VIl
Sample Designation
6987

Determination of Precision
Strontium, %

Av.
Std. dev.
NBS, 1A

Av. 0.
Std. dev. 0.0038

Table VIIl. Comparison of Calibration Obtained on Various Dates
Sta.r}da_rd
tronti ) eviation
ch(;ié:]l;? Intensity Ratio on Various Dates Tntensity

% June 16 June23 June27 June29  July 18 ratio Sr, %
0.0000 0.5131 0.5444 0.4969 0.5220 0.5348 0.0185 0.0068
0.1000 0.6617 0.6575 0.6742 0.6541 0.6667 0.0079 0.0057
0.2000 0.8105 0.8220 0.8084 0.8062 0.8101 0.0057 0.0042
0.3000 (.9615 0.9574 0.9737 0.9648 0.9882 0.0122 0.0084
0.4000 1.093 1.068 1.081 1.065 1.069 0.0061 0.0081

& Actual counting data are shown in Table I'V.
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Determination of Protactinium by Gamma Spectrometry

MURRELL L. SALUTSKY!, MARY LOU CURTIS, KENNETH: SHAVER?,
ANDREW ELMLINGER, and ROBERT A. MILLER?

Mound Laboratory, Miamisburg, Ohio

p Gamma spectrometry was used to
determine protactinium in concentrations
of less than 1 p.p.m. in vranivm resi-
dues. It was found exiremely sensitive
for the detection of protactinium in any
sample, residve, or container. Quali-
tatively, protactinium was identified by
its 27+, 95-, and 300-ke.v. peaks.
After removal of interfering activities,
the magnitude of the 300-k.e.v. peak
was used as a quantitative measure of
the protactinium content. Calibration
was achieved with standard protactin-
ium samples. The interfering isotopes
were removed by coprecipitation with
thorium fuoride carrier, whereas the
protactinium remained in solution as a
fluoride complex.

ONE of the most difficult problems
in the separation of protactinium
from uranium residues is that of control
analysis (§). In a review of the chem-
istry of protaetinium {6), Miles stated
that protactinium has been noted
for the ease with which it disappears
during processing,.

Common radiochemical methods
based on differential growth or decay
(5) are not practical because of the
relatively long half lives of protactin-
ium-231 and its first daughter, actinium-
227 (34,300 and 22 years, respectively).
Direct alpha counting (4) is compli-
cated by the presence of other alpha-

! Present address, Inorganic Chemicals
Division, Monsanto Chemical Co.,
Dayton, Ohio.

2 Present address, Inorganic Chemicals
Division, Monsante Chemical Co,,
Lverett, Mass.

emitting elements, such as ionium and
polontum, which are always present in
protactinium sources. 'This complica-
tion is alleviated by use of an alpha
pulse height analyzer. However, be-
cause of the high absorption of alpha
radiation by extraneous materials, a
complete chemical separation is re-
quired and unknown quantities of pro-
tactinium may be lost during the anal-
ysis. Katzin, Van Winkle, and Sedlet
(4) have reported a procedure for the
analysis  of ore residues for protactin-
ium using a chemical separation pro-
cedure with a reported yield of only
50 to 609

The distribution of protactinium ia
chemical separations can be followed
by use of beta-active protactinium-233
as a tracer (6). The principal complica-
tion is the lack of assurance of isotopic
exchange. between the tracer and the
protactinium in the sample. If the
exchange is incomplete, the result will
be erroneous.

The foregoing discussion shows the
need for a more direct method of con-
trol analysis for protactinium. The use
of gamma pulse height analysis was
found to be very satisfactory. Qualita-
tively, protactinium can be identified
by the presence of its 27-, 95-, and 300-
k.e.v. peaks. After removal of inter-
fering 'activities by precipitation on
thorium fluoride carrier the magnitude
of the 300-k.e.v. peak was used as a
quantitative measure of the protactin-
ium content in uranium residues with
the accuracy within +5%. Gamma
spectrometry is extremely valuable for
following the distribution of protactin-
tum during processing. Since absorp-

tion by extraneous materials is not
serious for gamma radiation, the pro-
tactinium could be detected in precipi-
tates, on filter papers, in solutions, on
ion exchange resin, and even on beaker
and platinum crucible walls. At no
time during processing did the protac-
tinium permanently disappear, for its
presence could be detected in any
sample, residue, or container.

INSTRUMENTATION

The instrumentation used for the
analytical work consisted of a single-
channel pulse height analyzer, Atomic
Instrument Co., Model 510; a pre-
amplifier, Radiation Counter Labora-
tory, Mark 15, Model! Ala; a linear
amplifier, Radiation Counter Labora-
tory, Mark 15, Model Al; an Afomic
Instrument Co. scaler with a 1-micro-
second input strip (Model 118), a 5-
microsecond decade scaling strip (Model
108B), two 40-microsecond decade scal-
ing strips (Model 109B), and with a
3000-volt positive grounded RF power
supply; a photomultiplier tube, Du
Mont No. 6292; and a 2-inch thallium
activated sodium iodide well crystal.

The photomultiplier tube and crystal
were covered with an aluminum light
shield which was surrounded by lead
bricks.

Measurements were made with a 1-
volt channel width. For convenience,
the analyzer was so calibrated that the
gamma peaks occurred at a base line
setting nearly numerically equal to the
gamma energy in kilovolts. This was
accomplished by placing a cesium-137
standard (660-k.e.v. peak) in the well
of the erystal, and adjusting the gain
s0 that the photopeak occurred close toa
base line setting of 660. The photo-
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peak for a second standard, such as
mercury-203 (280-k.e.v. peak) wasfound,
and base-line setting was plotted against
gamma energy in kilovolts. The re-
sulting calibration curve was a straight
line through the origin.

The gamma. pulse height analyzer had
an upper limit counting rate of 25,000
counts per minute at the highest peak.
This limit was set to avoid overloading
the photomultiplier tube, which would
result in poor resolution and possible
damage to the tube. For best quantita-
tive results a counting rate half this
large is preferable.

Protactinium-231 has gamma peaks
of 27, 95, 204, and 323 kev. (2).
Resolution of the instrument was in-
sufficient to separate the latter two
peaks, thus giving rise to a single peak
&t about 300 k.e.v. The gamma spec-
trum for pure protactinium is shown in
Figure 1. A pure sample is indicated
by the absence of other peaks except
those attributable to Compton elec-
trons (1), and by the relative heights of
the three protactiniura photopeaks.

METHOD

Direct gamma spectrum analysis of
complex mixtures containing a low
concentration of protactinium relative
to other radioactive constituents can
only serve as a means of qualitative de-
tection of protactinium by the presence
of the 27-, 95-, and 300-k.e.v. peaks.
However, o quantitative determination
can be obtained if the interfering activi-

g
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Figure 1. Gamma spectrum of
protactinium-231
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ties are separated. The separation is
accomplished chemically by dissolving
the sarple in & mixture of hydrochloric
and hydrofluoric acids, thereby com-
plexing the protactinium with fluoride
(8). The addition of a few milligrams
of thorium to the solution then causes
the precipitation of thorium fluoride
which carries the thorium isotopes and
their interfering daughters. The solu-
tion contains.the protactinium. The
spectrum  of the fluoride shown in
Figure 2 is typical for the interfering
thorium isotopes and their daughter
activities. The peaks at about 68
and 95 k.e.v. are probably due to thor-
ium-230 and thorium-227, respectively,
while the slight peak at 270 k.ev. is
probably due to radium-223. The 27-
and 300-k.e.v. peaks of protactinium are
not evident. When the filtrate from
the thorium fluoride precipitation was
cvaporated to dryness its gamma spec-
trum was typical of protactinium with
the usual peaks at 27, 95, and 300 k.e.v.
The spectrum  obtained from this
residue is also shown in TFigure 2. This
spectrum resembles that of pure pro-
tactinium shown in Figure 1. The
separation of thorium is indicated by
the absence of a 68-k.e.v. peak. Some
variation in relative peak heights from
that shown in Figure 1 results be-
cause of greater internal absorption in
the residue of the lower energy gamma,
rays than in pure protactinium and be-

cause of the presence of some residual
impuritics which add to the 95-k.e.v.
peak. - However, the absorption at
300 k.ev. is negligible and the re-
sidual impurities amount to less than
5% of the activity at 300 k.e.v.

RECOMMENDED PROCEDURE

Weigh about 5 grams of the uranium
residue into a small bottle 0.5 inch in
diameter and 2 inches in height (a
2-dram vial is convenient to use).
Insert the bottle into the crystal well
of the gamma spectrometer and count
the sample for at least 10 minutes at
300 k.e.v. Correct the count for the
background of the instrument. Trans-
fer the sample to a beaker with a small
quantity of water. Add 100 ml of 9N
hydrochloric acid and 1 to 2 ml. of 48%,
hydrofluoric acid. Heat until the
sample dissolves. Additional hydro-
fluoric acid may be necessary. Cool the
solution to room temperature. Add
slowly with stirring 10 ml, of a thorium
solution (1 mg. of thorium per ml. of 1N~
hydrochloric acid solution). Allow the
mixture to stand for 5 minutes. Addan
additional milliliter of 489, hydro-
fluoric acid, stir the mixture, and allow
to stand for 5 minutes. Add a second
10 mg. of thorium carrier, stir the
mixture, and again allow it to stand for
5 minutes. Filter the thorium fluoride.
Transfer the fluoride and paper to the
bottle used to count the original sample.
Insert the bottle into the crystal well
and gamma count at 300 k.e.v. for at



Table . Analyses of a Uranium Residue for Protactinium
1 i
Weight of residue taken, grams 5.09 5.28
Activity taken, ¢./m. at 300 k.e.v. 2382 2435
Activity in first fluoride precipitate, c./m. at 300 k.e.v. 579 601
Activity in second fluoride precipitate, ¢./m. at 300
.e.V. 16 4
Activity due to Pa, ¢./m. at 300 k.e.v. 1787 1830
Per cent activity due to Pa 75.0 75.2
Weight of Pa, v 1.37 1.40
Pa concentration in residue, p.p.m. 0.27 0.27
Standard: 2155 ¢./m. at 300 k.e.v./1.65 4 Pa.
Table Il.  Efficiency of Analytical Procedure Utilizing Gamma Spectrometry
' I I1
Weight of uranium ore residue taken, grams 5.65 20.0
Calculated Pa content, v 1.5 5.40
Pa recovered, ¢./m. at 300 k.e.v. 2020 6845
Pa recovered, v 1.5

Deviation between calculated and recovered Pa, %% +1 -3

Standard: 2155 c./m. at 300 k.e.v./1.65 v Pa.

least 10 minutes. Correct the counts
for the background of the instrument.
Make a blank determination to correct
for the activity of the thorium carrier.
Obtain the protactinium count by sub-
tracting the gamma count in the fluoride
from that in the original sample. Count
a standard protactinium sample at 300
k.e.v. and calculate the protactinium
concentration in the uranium residue.

The protactinium was usually de-
termined by difference rather than by
direct count because of the difficulty
in preparing a counting sample from
the thorium fluoride filtrate. The fil-
trate has a volume of about 125 ml
and contains all the dissolved salts in
the sample. Evaporation of this soly-
tion into a small vial as a routine pro-
cedure is tedious.

It is necessary that the protactinium
be complexed with fluoride prior to the
addition of the thorium, otherwise part
of the protactinium will be carried by
the thorium fluoride (3). But thorium
fluoride precipitated in this manner
would be an inefficient carrier for even
the thorium and other extraneous ac-
tivities. The difficulty is overcome
by precipitating the fluoride in strongly
acid solution, a medium in which
thorium fluoride forms rather slowly,
It is possible to mix the thorium into
the solution prior to its complete pre-
cipitation and, thus, improve its carry-
ing properties. The additional hydro-
fluoric acid added after the thorium
aids in the quantitative precipitation
of the thorium fluoride due to mass
action.

The intensity of the 300-k.e.v. peak
wag usually determined in preference
to the 27- and 95-k.e.v. peaks because
absorption in the samples or containers
and interferences from other radio-
active elements were less pronounced.

agreement.

The standard samples were prepared
from a protactinium solution of known
concentration. Aliquots were diluted
to 2 ml. in a vial. The protactinium
from which the standards were pre-
pared was obtained from the stock of
Brookhaven National Laboratory and
was shown to be pure by both alpha
and gamma pulse height analysis.

RESULTS AND DISCUSSION

A residue obtained from the process-
ing of pitchblende for uranium was an-
alyzed for protactinium using the tho-
rium fluoride separation procedure, To
demonstrate the completeness of re-
moval of thorium and its daughters, the
separation procedure was repeated on
the filtrate. The results of two such
determinations on the same uranium
residue are shown in Table I. As only
a very slight count was obtained on the
second fluoride precipitate, it was as-
sumed that the rccommended proce-
dure removed essentially all the extra-
neous activities. The activity in each
sample due to protactinium was then
determined by differcnce. The results
for the two samples showed excellent
The percentage of the
gamma activity at 300 k.ewv. due to
protactinium was 75%. The weight
of protactinium in 5 grams of residue
was about 1.4 «, corresponding to a pro-
tactinium concentration of 0.27 p.p.m.

The protactinium in the uranium ore
residue was separated and purified by
a procedure which results in high chem-
ical purity as well as radiochemical
purity (7). This process involves the
solution of the ore residue in dilute
hydrochloric acid, precipitation of pro-
tactinium on a silicate carrier, and final
purification of protactinium by an ion

exchange procedure. The radiochemical
purity of protactinium obtained by this
process has been established by gamma
spectrum  analysis, alpha spectrum
analysis, and alpha range analysis. A
determination by gamma spectrum
analysis of the loss of protactinium at
each step in the procedure shows the
total recovery to be in the range of 95
to 97%. Table II shows a compari-
son between the actual amount of pro-
tactinium recovered by the purifica-
tion process and that predicted by the
analysis of the ore residue. It can be
seen that the method is accurate to
within at least +=5%. In some cases
it may be considerably more accurate.
For example, the loss of protactinium in
the silicate carrier step of the chemical
purification method (7) was determined
by gamma spectrum analysis to be
no more than 3%. The same silicate
carrier step was also evaluated using
beta-active protactinium-233 as a
tracer, and again the loss of protactinium
was no more than 3%. Gamma spec-
trometry in this example had an ac-
curacy of better than =1%,.
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Spectrophotometric Determination of Trypsin

and Trypsin Inhibitors

MARVIN B. RHODES, ROBERT M. HILL, ond ROBERT E. FEENEY
Department of Biochemistry and Nutrition, University of Nebraska, Lincoln, Neb.

P A simple and rapid spectropho-
tometric method for the determination
of trypsin and irypsin inhibitors is
based on the determination of acid
production by means of changes in
absorption of indicators. When a
recording spectrophotometer is em-
ployed, the enzyme activities may be
obtained directly from the slopes of
the transmittance-time curves plotted
by the recorder. Amounts of trypsin
from 1 to 15 v can be determined in a
substrate-buffer-indicator solution of
0.013M  p - toluenesulfonylarginine
methy! ester, 0.01M ftrislhydroxy-
methyl)aminomethane (pH 8.2), and
0.01% m-nitrophenol.

URING STUDIES on egg proteins in
this laboratory, it became desir-
able to develop a simple and rapid assay
for trypsin and trypsin inhibitors. Cur-
rent methods utilized the esterase or
amidase activity of trypsin on synthetic
esters or amides (2, 4, 7-9). The ac-
tivity was determined by titrating the
acid produced or by utilizing the differ-
ence in ultraviolet absorption spectra
between the substrate and its split prod-
ucts. A much simpler method seemed
possible by photometric detcrmination
of the acid produced through color
changes of an acid-base indicator. The
current availability of spectrophotome-
ters equipped with automatic recording
devices would make possible the deter-
mination of enzyme activity simply by
comparing the slopes of transmittance-
time eurves plotted by the instrument.

APPARATUS AND MATERIALS

A Beckman Model DU spectropho-
tometier equipped wish photoraultiplier
attachment was used for all spectro-
photometric determinations. It was
connected to a Bristol’s Dynamaster re-
cording potentiometer through a Beck-
man snergy recording adapter, Model:
5800. The chart speed was 1 mch per
minute. The spectrophotometer cell
compartirent was also furnished with
thermospacers through which water
from a thermostated bath was circu-
lated. A constant temperature (37° C.)
was thus maintained during all deter-
minations. An auxiliary constant tem-
perature bath maintained all reagents
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ab the same temperature as that of the
cell compartment,

Potentiometric titrations were per-
formed using a Beckman Model G pH
meter (2, 7, 8). Stirring was accom-
plished by bubbling nitrogen through the
solution.

The trypsin was a twice recrystallized
product containing approximately 50%,
magnesium sulfate as purchased from
the Nutritional Biochemical Corp., St.
Louis, Mo. It contained 37.99, trypsin
as calculated on a nitrogen content for
pure trypsin of 16.13% (6). Standard
solutions of trypsin were prepared on
the basis of this nitrogen content and
were made up daily in 0.002N acetic
acid.

Ovomucoid was prepared by the
method of Lineweaver and Murray (6)
and activities were reported on a dry
basis corrected to a nitrogen content of
13.3% nitrogen (§). The soybean tryp-
sin inhibitor, preparation 815314, was
purchased from Worthington Biochemi-
cal Corp., Frechold, N. J. Egg white
was blended (10) and diluted in distilled
water (2) for assay.

The substrate, p-toluenesulfonylargi-
nine methyl ester, was synthesized
essentially according to the method of
Bergmann, Fruton, and Pollok ().
The buffer, tris(hydroxymethyl)amino-
methane (Sigma, 121, lot 125-130, Sigma
Chemical Co., St. Louis, Mo.), was dis-
solved in water and adjusted to pH 8.2
with hydrochloric acid. Indicators used
were as follows: m-nitrophenol, Eagst-
man White Label, No. 1340; phenol red
(phenolsulfonephthalein) Bastman, Lot
No. 11; m-cresol purple, Fisher Scien-
tific Co.; cresol red; brilliant yellow;
and ncutral red. The last three indi-
cators were from National Aniline Divi-
sion, Allied Chemical and Dye Corp.

EXPERIMENTAL METHODS AND RESULTS

Development of Method. It was
necessary to consider the following
interrelated factors to obtain a linear
change in transmittance over the de-
sired range of change in pH:

pH optimum of the enzyme and the
suitable range ot change in pH.

The buffer and its concentration.

The concentrations of substrate and
enzyme.

The indicators and the proper wave
lengths and concentrations thereof.

The over-all operating conditions,
including volumes of reagents, order of
addition, reaction time, and the like.

Schwert and coworkers (8) reported
that the maximum rate of hydrelysis of
p-toluenesulfonylarginine methyl ester
by trypsin at 25° C. occurred at a pH
range of 7.9 to 8.4. Buffers were ex-
amined which should give an approxi-
mately linear change in pH with addi-
tion of acid over this range. Substrate
concentrations as previously described
(0.01 to 0.02M) (2, 8) and 0.01M tris
buffer, pH 8.2, were found suitable.
Indicators were then chosen which
would give an approximately linear
change in transmittance with change in
pH in the buffer selected. Confirmation
of these linear relationships was obtained
by potentiometric titration of the buffer-
with acid and by measuring the trans-
mittance of the indicator-buffer solution
at several pH values. m-Nitrophenol
at 395 my and phenol red at 440, 520,
or 565 myu were the most satisfactory of
the indicators studied. The wave
lengths indicated were at absorption
maxima, with the exception of 520 mpu
for phenol red. m-Nitrophenol (0.01%)
gave a linear change over a greater
range in pH than did phenol red and
was, therefore, used.

The procedure finally adopted for the
assay of trypsin was as follows. A 1-ml.
portion of enzyme solution, containing
1 to 13 v, was placed in the cuvette of
the spectrophotometer, and 2 ml
of substrate-buffer-indicator solution
[0.02M p-toluenesulfonylarginine methyl
ester, 0.015M tris(hydroxymethyl)-
aminomethane at pH 8.2, and 0.0159,
m-nitrophenol, respectively] was added.
The recording was started 2 to 3 seconds
after this addition. Adequate mixing of
solutions was accomplished by blowing
the substrate-buffer-indicator solution
inte the cuvettc using a fine-tipped
pipet. Direct estimation of enzyme
activities was possible by comparison
of the slopes of the linear portions of the
plotted curves.

Trypsin Assays. A series of experi-
ments was performed using various
concentrations of trypsin. Figure 1
presents the curves obtained in one
experiment at the concentrations of
trypsin indicated. In all cases, the
curves were linear for at least 60 sec-
onds. When the slopes of these curves
were then plotted against concentrations
of trypsin, a linear relationship was ob-



tained. The pH changed less than 0.3
unit per minute at the highest enzyme
concentrations.

Amounts as low as 1.0 y of trypsin
may be detected by this method (Figure
1). Other experiments performed at
lower buffer concentration (0.005M) in-
creased the sensitivity to trypsin, and a
more concentrated solution of buffer
(0.03M) made it possible to determine
an amount of trypsin as high as 50 v.

Inhibitor Assays. The inhibitors
tested included ovomucoid, soybean
trypsin inhibitor, and crude egg white.
In the assay for inhibitors, the method
for trypsin was used, except that the in-
hibitor (3 to 15 v) was mixed with the

o . L . trypsin (15 +) prior to addition of
40 50 &0 70 the substrate-buffer-indicator solution.
% TRANSMITTANCE With ovomucoid, it appeared desirable
! to neutralize the enzyme-inhibitor mix-
Figur? 1. Reproduction of curves plotted by recorder for ture before adding the substrate solu-
trypsin assay using m-nitrophenol at 395 my tion. This reduced the variability of
the assay. Figure 2 represents the results
of one of many experiments with ovo-
mucoid and soybean trypsin inhibitor.
If the curves are extrapolated from the
initial linear portions to intercept the
abscissa, the theoretical amount of in-
hibitor needed to inhibit completely 15 4
of trypsin is obtain d. The calculated
ratios of the weights of inhibitor to tryp-
sin were 0.96 for the soybean trypsin
inhibitor and 1.16 for ovomucoid. Soy-
bean trypsin inhibitor gave practically
complete inhibition at the higher con-
centrations while ovomucoid did not.
«—Ovomucoid These observations are in agreement
with previous reports (4, §). Blended
egg white was found to contain 12.7%,
ovomucoid on a dry weight basis, as
previously reported (3).
When calcitm chloride (0.02M) was
; L . . . ) added to the substrate-buffer-indicator
4 8 12 16 20 24 28 32 solution, the activity of trypsin was in-
INHIBITOR, micrograms creased approximately 25% .over the
activity of trypsin without added cal-
cium. However, the calcium also
Each concentration of inhibit 4 15 of . shifted the inhibitor curve of ovomucoid
cl centration of inhibitor assaye in presence o ¥ o trypsln tO a SiIXﬁlar degree ﬂnd the l‘atiO Of
weight of ovomucoid to weight of tryp-
sin therefore remained essentially un-
affected at the lower levels of inhibition
Table ). Comparison of Methods for Determination of Trypsin and Ovomucoid (less than 50%) (4). Calcium should

180}

20

TIME, seconds

Figures on curves represent micrograms of trypsin; slopes determined
below dotted line

» (5] )] ~
al

_ SLOPE
(transmittance change/minute)
w

Soybean \
Inhibitor

™o

(e}

(e

Figure 2. Curves for trypsin inhibitor assay

‘Method be included in all deteiminations
. Titration where contamination with appreciable
Material Added, v Spectrophotometric, ., Spot plate 1. /minute? : 3

Trypsin ~ Ovomucoid ' % ZP/minute sl;corf)d:" ' " )é 111611_\; ¢ amounts of ealclun:z s sl'lspected. .
0 Spot Plate Estimations. Approxi-

3 (1)43 >1§gg <8'é3 mate estimations can be made on spot

6 2.70 64 1.52 lates with the same reagents used in

5 p

12 4.00 42 3.13 the spectrophotometric determination.

15 gg? gi i?;’ For this purpose, phenol red was used
15 3.2 5.25 31 1.00 instead of m-nitrophenol, because the
15 6.5 4.70 41 3.45 change in color of phenol red was easier
}E 12(7) ggg 15’3 égg to observe visually. In this procedure
15 16.92 1.20 500 0.62 the activities of the enzyme were related
Weight ratio, ovomucoid 1.16 1.2 1.30 to the time required for the color to
to trypsin change from red to yellow. Standard

= Seconds required for indicator to turn from red to yellow, curves were prepared with 0.01 to 0.1

¢ Milliliters of 0.1N sodium hydroxide added per minute. ml. of solutions of trypsin containing
i 150 4 per ml. and 0.2 ml of a sub-
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strate-buffer-indicator solution {0.02M
p-toluenesulfonylarginine methyl ester,
0.015M  tristhydroxymethyl)amino-
methane at pH 8.2, and 0.002% phenol
red]. Comparative results using the
spot plate method are presented in
Table I.

Acid Titrations. As a standard
method of comparison, potentiometric
titrations were performed essentially
by the procedurc of previous investi-
gators (2, 8). Solutions were the same
except for the use of 0.0056M tristhy-
droxymethyl)aminomethane in place of
phosphate buffer.

Comparative Results. Table I gives
a direct comparison of the spectro-
photometric, spot plate, and conven-
tional titrimetric determinations of
trypsin and ovomucoid, as well as a
comparative value of the ratio of ove-
mucoid to trypsin. The agreement is
good for the three independent meth-
ods.

DISCUSSION AND CONCLUSIONS

The described spectrophotometric
method for the determination of trypsin
and trypsin ishibitors is rapid and very
simple, supplies permanent records and
allows for direct determination of activi-

ties from the slopes of the recorded
curves. It is superior to the titration
method for these reasons, and also be-
cause of greater accuracy and reproduc-
ibility. The method should be adapt-
able for determinations of other enzymes
which produce changes in pH. Indica-
tors and buffers, however, would need to
be appropriately selected for each par-
ticular case. The spectrophotometric
mdéthod for determination of acid pro-
duction can be adapted for use with
instruments not connected to recording
devices, This would require manual
recording of the changes in transmit-
tance with time, which also seems super-
ior to the titrimetric procedure.

The quantitative relationships of
trypsin and inhibitors found in this
study are comparable to those previ-
ously reported (4, 5). On a molar basts
the ratios are approximately unity. The
optimum working range for trypsin was
1 to 15 v and for the inhibitors, as ovo-
mucoid or the soybean trypsin inhibitor,

3t012y. Theapparent reproducibility -

was ==5%. Amounts of cnzymes and
inhibitors that could be determined
were, of course, directly dependent upon
the concentration of the buffer.

The spot plate method should be
useful in supplying approximate values

during studies involving fractionation,
inactivation of inhibitors, and the like.
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Ultraviolet Absorptiometric Determination of Boron in

Aqueous Medium Using Chromotropic Acid

DONALD F. KUEMMEL with M. G. MELLON

Purdue University, Lafayette, Ind.

» Boric acid causes changes in the
vltraviolet absorption specirum of chro-
motropic acid in aqueous solution of
sufficient magnitude to be of analyti-
*cal importance. An absorptiometric
method was developed for determin-
ing boron in the range 0.1 to 2.4 p.p.m,
by measuring the decrease in the ab-
sorbancy of chromotropic acid caused
by the addition of boric acid. Meas-
urements were made at 316.5 my, the
point of maximum change, with solu-
tions adjusted to a pH of approxi-
mately 7.

BORON is one of the few common
elements whose analytical chem-
istry leaves much to be desired, par-
ticularly in the field of spectrophotom-
etry. The majority of spectrophoto-
metrie or eolorimetric methods reported
for boron involve the use of concentrated
sulfuric acid, in which solvent numerous
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organic reagents give color changes
in the presence of boron (8, 10, 12).
1,2,5,8 - Tetrahydroxyanthraquinone,
known commounly as quinalizarin, is a
widely used reagent in this class, and
is the basis of the tentative (“first
action’’) AOAC method for the de-
termination of horon in soils (6).

The most widely used method not
requiring the use of concentrated
sulfuric acid is that involving the use
of 1,7 - bis - (4 - hydroxy ~ 3 ~ methoxy-
phenyl) - 1,6 - heptadiene - 8,5 - dione,
otherwise known as curcumin. The
curcumin method depends upon the
formation of a colored product upon
evaporation to dryness of a mixture
of borie acid, oxalic acid, and curcu-
min, This colored product is usually
extracted into 959 ethyl alcohol.
Numerous variables, particularly the
evaporation temperature, must be care-
fully eontrolled for reproducible results.
However, the curcumin method is

. complexes.

used frequently in plant and soil analy-
sis (4,8), and has recently bcen applied
to the determination of boron in semi-
conductor materials (7).

Boric acid forms colorless complexes
with a number of polyhydroxy com-
pounds in aqueous medium (2). The
use of glycerol or mannitol in the
alkalimetrie titration of boric acid is a
practical utilization of these colorless
Many of the compounds
reported to form these complexes with
boric acid absorb ultraviolet radiant
energy. It appeared that the addition
of boric acid to solutions containing
these polyhydroxy compounds would
result in changes in their ultraviolet
absorption spectra which might have
some analytical value.

Andress and Topf () have described
the changes which occur in the ultra-
violet spectrum of an aqueous solution
of disodium 4,5-dihydroxy-2,7-naphtha-
lenedisulfonate upon the addition of
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Figure 1. Effect of boric acid on absorption spectrum of

chromotropic acid in aqueous solution in pH range 4 to*5

0.00014M solution of chromotropic acid, pH 5.1

— — — — Solution 0.00014M in chromotropic acid and 0.04} in

boric acid, pH 4.1

boric acid. The parent acid of this
salt is ‘commonly known as chromo-
tropic dcid. The contribution of the
present investigation was the develop-
ment of & simple, rapid absorptio-
metric method for the determination
of boron .in aqueous solution, utilizing
this effect of boric acid on the ultra-
violet spectrum of disodium chromo-
tropate.

EXPERIMENTAL WORK

Apparatus. All absorption spectra
were obtained on s Cary Model 10-
11M  recording spectrophotometer,
using matched 1-cm. quartz absorption
cells. The slit control dial was kept at
positien 1 for the spectra to give a
spgctral band width of approximately

The Cary absorption cells fitted with
tapered necks for ground-glass stoppers,
intended for use with volatile solvents,
proved uscful in working with the
solutions of high salt content (0.4M
in sodium acetate). The solutions
were transferred to the absorption
cells by means of 50-ml. beakers. Any
liquid adhering to the outside of the
cells was conveniently removed by
dipping the cell in distilled water while
holding the cell by the neck during this
rinsing procedure. These details are

mentioned here because of the difficul-
ties encountered using the conventional
cylindrical cells without necks, which
are difficult to hold and to clean when a
thin film of concentrated salt solution
evaporates on the outside of the cell.
Reagents. The boric acid used
was a ¢.P. Baker’s analyzed product.
The sodium acetate trihydrate was a
Buker and Adamson N. F. grade. The
disodium  4,5-dihydroxy-2,7-naphtha-
lenedisulfonate was obtained as a prac-
tical grade dihydrated salt from Hast-
man Organic Chemicals.: Any further
references to chromotropic acid or its
solutions imply this  dihydrated
disodium salt as the starting material,
Preparation of Stock Solutions.
Aqueous 0.00028M stock solutions
of the disodium chromotropate were
prepared both by dilution of 50-ml.
aliquots of 0.0028M solutions, and by
direct weighing of 0.056-gram portions
of the reagent, with subsequent dis-
solution in distilled water and dilution
to 500 ml. The 0.00028M solutions
have a pH between 4.5 and 5.0, de-
pending upon the pH of the distilled
water used in their preparation, After
a few hours’ standing in.the daylight,
thege solutions develop a slight yellow
color. This coloration can be avoided
by storing the solution in a dark amber
bottle, and keeping this bottle in the
dark when not in use. The 0.00028M
solutions stored in this manner showed

no signs of deterioration 6 days after
preparation, and they were used
throughout this period in the analytical
work. The 0.0028M solution, on the
other hand, has a slight vellow tint
upon preparatlon which darkens to a
definite yellow after a few days’ storage
in a dark amber bottle, Consequently,
the 0.0028M solution should be pre-
pared fresh whenever the 0.00028M
solution is to be made from it by dilu-
tion.

The 2M solution of sodium acetate
trihydrate used to adjust the pH was
filtered to remove insoluble matter.
Sodium acetate proved more con-
venient for adjusting the pH than
sodium hydroxide, and in addition
gave the system some buffer capacity.
Stock solutions prepared from different
bottles of sodium acetate trihydrate,
of the same grade and from the same
manufacturer, buffered the system to
different pH’s. Consequently, each lot
of sodium acetate solution prepared
should be checked to see that 10 ml. of
the solution in a final volume of 50 ml.
will adjust the pH of the system to
between 6.8 and 7.0. If necessary, a
small amount of 0.5N sodium hydroxide
should be added to the sodium acetate
stock solution to bring its pH adjusting
capacity into the desired range.

The standard 0.002M boric acid
solution, containing 0.022 mg. of boron
per ml., was prepared by suitable dilu-
tion of a 0.02M stock solution. Be-
cause of the report (§) that the species
present in boric acid solutions changes
upon standing, three different 0.02M
solutions were prepared during this
work. No differences in behavior toward
the chromotropic acid system were de-
tected, however, between the freshly
prepared solutions and the solutions
which had stood for a few weeks.

PRELIMINARY STUDIES

In absolute ethyl alcohol solution
0.25M boric acid causes only slight
changes in the absorption spectrum of a
0.0001M solution of chromotropic acid.

In aqueous medium at a pH of
4 to b, boric acid causes large changes
in the absorption spectrum of chro-
motropic acid, shifting the peaks %o
longer wave lengths and causing a
large increase in absorption in the
350- to 360-my region. Figure 1 shows
the effect of 0.04M boric acid on. the
ultraviolet spectrum of chromotropic
acid in this pH range. The acidic’
boron complex formed, as well as the
excess boric acid not involved in com-
plex formation, lowers the pH of the
solution. However, hydrochloric acid,
added to solutions of chromotropic
acid in sufficient quantity to lower the
pH to 3.5 and 0.8, causes negligible
changes at the absorption maxima of
the reagent, and only small changes at

VOL. 29, NO. 3, MARCH 1957 « 379



the absorption minima. This indi-
cates that the large changes caused by
boric acid are not due merely to a pH
effect.

The aqueous chromotropic acid sys-
tem is much more sensitive to boric
acid in the pH range 7 to 10 than in
the range 4 to 5. This increased
sensitivity is due both to the formation
of larger amounts of the complex for a
given amount of boric acid, and to a
larger absorption change for a given
amount of complex. Figure 2 shows
the effect of 0.002 and 0.00028} boric
acid on the spectrum of chromotropic
acid at a pH of approximately 7. Boric
acid causes a decrease in the absorption
of the reagent in the 353- to 380-mp
region, with the point of maximum
change occurring at 361.5 mu. The
spectra of the reagent at pH 7.6, 9.0,
and 10.0 are not much different from
that given in Figure 2 for the reagent
at pH 6.9, with only small differences
at the 860- and 346-mu peaks., How-
ever, to cnsure reproducible conditions
for the formation of the complex, which
is depeundent upon pH, the mixtures of
chromotropic and borie acids were ad-
justed to a pH of 6.8 to 7.0 by the ad-
dition of 2M sodium acetate.

Calibration Procedure at pH 7.
Solutions for the calibration curve for
this system were prepared by adding
25 ml. of the 0.00028 M solution of the
reagent and 10 ml. of the 2M sodium
acetate solution to varicus aliquots of
the standard 0.002M boric acid solu-
tion, followed by dilution to 50 ml.
with distilled water. The reagent and
buffer solutions were added by pipet,
and in the order indicated. Figure 3
shows the plot of the absorbancy
decrease at 361.5 mu vs. the boron
content of the standard solutions pre-
pared as described above. Each point
on the curve is the average of two values,
obtained on two separate days using
different, stock solutions of boric acid,
sodium acetate, and reagent. The
reagent stock solutions used for this
calibration work were prepared by
dilution of 0.0028M sclutions.

The absorbancy decreases used for
the calibration curve were obtained on
the Cary instrument. With the stand-
ard solutions in the reference cell and a
reagent blank (reagent plus buffer) in
the sample cell, differential-type spec-
tra are obtained for the solutions con-
taining horon, wherein the absorbancy
decreases appear as sharp peaks rising
above the base line. After the solu-
tions have been placed in the proper ab-
sorption eell, the instrumens, is balanced
or zeroed at 400 mu, where neither the
blank nor solutions containing boron
show any absorption, before scanning
down scale to 350 mu. Figure 4 shows
the differential spectra in the 350- to
390-mu region given by the same solu-
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Figure 2.

Effect of boric acid on absorption spectrum of

chromotropic acid in aqueous solution at pH 7
All solutions 0.4M in sodium acetate and 0.000143 in chro-

motropic acid

tions used to obtain the conventional
spectra of Figure 2. Although the con-
centrations of boron which give the
spectra of Figure 4 are above the upper
limit of calibration, the differential
spectra for these concentrations are
shown for comparison.

The reagent blank is placed in the
sample cell, rather than in its usual
position in the reference cell, because of
the decrease in the absorption of the re-
agent being measured in this system.
The intense radiant energy source and
photomultiplier detector system of the
Cary instrument enable slit widths of
0.25 mm. or lower to be used in obtain-
ing these differential spectra. Because
of the critical setting of the wave length
(eliminated on the Cary because of the
scanning procedure) and the necessity
of zeroing the instrument on highly ab-
sorbing solutions, other manual spectro-
photometers at hand were not consid-
ered for this work. However, instru-
ments such as Beckman Models B and
DU, for which photomultiplier attach-
ments are available, could probably be
used if sufficient care is exercised in set-
ting the wave length dial.

No boric acid added, pH 6.9
.. 0.00028} in boric acid,

- I-fH 7.0
—~ ~ — — 0.002) in boric acid, pH 7.0

Stability of System. The mixtures
of echromotropic acid and sodium
acetate, with or without boric aecid,
develop pink to red hues after a few
minutes’ standing in strong sunlight.
Because of this light sensitivity, ex-
posure to daylight was kept at a mini-
mum during the preparation of the sam-
ples. The reagent and sodium acetate
solutions were added to two or three
samples at a time; the samples were
diluted to volume, mixed, and placed in
a convenient laboratory cabinet while
other samples were heing prepared and
until the group was ready to be run on
the instrument. No sign of color was ob--
served when this procedure was fol-
lowed, and the system has been shown
to be stable for at least 18 hours if un-
necessary exposure to light is avoided.
Stability of the solutions for longer pe-
riods was not investigated.

As no color was observed in solutions
which had stood in the fluorescent light
of the laboratory at night, precautions
such as those mentioned above were not
80 necessary for samples run at this
time, although prolonged exposure to
the fluorescent lights was aleo avoided.
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Table I

(All concentrations expressed as mg. of bﬁron/f’zO ml..)

Range of
Boron Concn.
0:009-0.043

0.048-0.087
0.091-0.115

= Number of different boron levels investigated within each concentration range.

Results of Accuracy and Precision Tests on Chromotropic

Acid Method for Boron -

No. of No. of

Individual  Separate Deviations from Known Values
Conen.» etn. Range
11 16 —0.002-+0.002
11 24 —0.006-40.007
6 23 ~0.007-+0.010

The intense ultraviolet source of the
instrument also appeared to have a
glight effect on the system. Because
of this, a fresh portion of the sample
solution should be placed in the refer-
ence cell if a repeat run on the same
sample is desired. The same portion of
the reagent blank can be used in the
sample cell for obtaining a number of
differential spectra, as the reagent blank
appears to be relatively insensitive to
the ultraviolet source. For a rather
large series of samples, however, it is
recommended that a fresh portion of the
reagent blank be placed in the sample
cell for every four or five samples run
on the instrument.

~Accuracy and Precision. A num-
ber of samples of varying boron con-
tents within the calibration limit were
run over a 22-day period to test the
accuracy and precision of the proposed
method. These test samples were pre-
pared in the same manner as the solu-
tions used for calibration—that is, by
addition of the reagent and sodium ace-
tate solutions to various aliquots of the
standard boric acid solution. The ma-
jority of boron concentrations involved
were different from those used for the
calibration curve. Differential-type
spectra were obtained in the 400- to
350-mp region for these test solutions,
using a freshly prepared reagent blank
for each group, of samples. The ab-
sorbancy decreases obtained in this
manner were referred to the calibration
curve in Figure 3 to arrive at the boron
content of the solutions. The samples
were run in numerous groups of four to
seven during the 22-day period, using 14
different 0.00028M stock solutions of
the reagent. Twelve of these were pre-
pared by weighing out individual
0.056-gram portions of the reagent,
the other two by dilution of 0.0028M
stock solutions. Results of this study
are sumarized in Table I.

DISCUSSION

The reaction of boric acid with chro-
motropic acid is apparently an equilib-
rium reaction resulting in the formation
of a complex, and is shifted toward the
formation of greater quantities of the
complex by further additions of boric
acid. The plot of the absorbancy
change (increase or decrease) vs. the
boron concentration at both a pH of 7
and in the range 4 to 5 is not g straight
line, and approaches a logarithmic rela-
tionship. The spectrum in Figure 2
given by the mixturc containing a
0.002M concentration of boric acid is
very similar to the spectrum in Figure 1
of the mixture containing a 0.04M con-
centration of boric acid. Conversion of
the reagent into the complex is nearly
complete in these two mixtures (as indi-
cated by a “leveling off” of the absorb-
ancy changes at approximately these
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concentrations), and the fact chat they
give similar spectra suggests that the
spectrum of the complex is not affected
by pH changes in the range 4 to 7.
However, the amount of complex
formed is dependent upon pH, 20 times
as much boric acid being required in the
pH range 4 to 5 as at pH 7 to form ap-
proximately the same amount of com-
plex.

Nothing could be concluded from the
experimental work as to the nature of
the complex present in the mixtures of
chromotropic and boric acids. The
generally accepted structures for com-
plexes of boric acid with polyhydroxy
compounds such as chromotropic acid
are given below. Both complexes could
be present in the mixtures, and con-
tribute to the observed absorbancy
changes. The proton released in the
formation of the Type II complex
would aceount for the lowering of the pH
noted in Figure 1.

HO,S

HOS
Type 1

Reagent stock solutions prepared by
dissolving 0.056-gram portions of the
reagent in 500 m!l. of distilled water did
nat give a very reproducible system for
the higher boron concentrations inves-
tigated. Varying absorbancy decreases
were observed with different stock solu-
tions for the same amount of boron
present. This lack of reproducibility
among reagent stock solutions is be-
lieved due in part to ervors involved in
weighing such a small amount of rea-
gent, coupled with the fact that the rea-
gent itself was an impure, practical
grade material. The preparation of a
concentrated stoeck solution, using a
large weight of the reagent, followed by
dilution to the concentration desired, is
in effect taking an average of many
small portions of the solid reagent.
Stock solutions prepared in this manner
would be expected to lead to a more re-
producible system as far as the quantity
of reagent is concerncd.  Alternative
paths to the same end of greater repro-
ducibility would be to obtain a better
grade reagent, or to purify the practical
grade material by suitable recrystalliza-
tion techniques.

Although the light seopsitivity of the
system is an inherent disadvantage of
the method, it causes no great inconven-
ience in processing the samples, if the
proper precautions are taken. The
proposed chromotropic acid method is
defmitely less tedious and time-con-
suming than methods used at present.
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It is applicable to a wider range of boron
concentrations, but, conversely, does
not have the sensitivity of many of the
established methods. However, utiliza-
tion of 5-cm. absorption cells would
probably increase the sensitivity of the
chromotropic acid method to the point
where it would be comparable to other
methods.

Welcher (11) states that titanium,
magnesium, aluminum, nitrous acid,
chromates, dichromates, and numerous
other oxidizing agents give colored
products with chromotropic acid. Yoe
and Sarver (13) reported that zirco-
nium, uraniurn, and iron can be deter-
mined using the colored systems which
chromotropic acid gives with these ele~
ments. Vanadium also gives a colored
system with this reagent (9). Because
of these interferences, and the possi-
bility of separating boron by distillation
as methyl borate, the effect of extrane-

/SoaH

ous ions on the chromotropic acid sys-
tem was not investigated.

It is known, however, that silicon
causes interference in the method. Low
results obtained using a certain lot of
2M sodium acetate solution were traced
to the presence of silicon in this solu-
tion. The silicon originated from the
0.5N sodium hydroxide solution which
had been added to the sodium acetate
solution to adjust its buffering capacity.
The 0.5N alkali had been stored in a
horosilicate glass bottle for some time,

and contained appreciable quantities of

silicon leached from the bottle. Silicon
does not affect the shape of the differen-
tial spectra in any way other than re-
ducing their intensity. This element
apparently, through some unknown
mechanism, affects the equilibrium be-
tween chromotropic, acid, boric acid,
and the complex With the result that
less complex is formed.

The results given in Table I indicate
that the proposed method is sufficiently
accurate and precise to be used for the
determination of boron present in quan-
tities ranging from 0.005 to 0.12 mg. per
50 ml. (0.1 to 2.4 p.p.m.). Boron con-
centrations higher than the calibration
limit in Figure 3 can be determined by
this method, particularly if a Cary re-
cording spectrophotometer is used,
which can easily measure absorbancies
up to 1.50 units. However, because of
the parabolic nature of the calibration
curve, the system is inherently less ae-

curate and precise at these higher boron
levels, where relatively large differences
in boron concentration give only small
differences in absorbancy. The purity
of the chromotropic acid used also be-
comes increasingly critical where large
quantities of boron are to be deter-
mined. Because of the loss in accuracy
and precision, and because of the diffi-
culties cncountered in preparing re-
producible stock solutions of the rea-
gent, the system was calibrated only
up t0 0.12 mg. of boron per 50 ml,

RECOMMENDED PROCEDURE

Adjust the aqueous solution contain-
ing boron, obtained by suitable previous
preparative treatment of the sample,
to a pH between 4.5 and 6.5. The
volume of this solution should be 15 ml.
or less after the pH adjustment. Add
26 ml. of a 0.00028M solution of di-
sodium chromofropate and 10 ml. of
2M sodium acetate, dilute to 50 ml,
and mix. Avoid exposure to strong
light after mixing. Place the sample in
the reference cell, and the blank (rea-
gent plus buffer) in the sample cell.
Zero the Cary instrument at 400 my,
and then scan down scale to 350 my.
Obtain the boren content of the sample
by referring the absorbancy of the
differential peak at 361.56 mu to a cali-
bration curve, previously constructed
by carrying samples of known boron
content through the same procedure.
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Esso Lamp Method for Sulfur
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pAn integrated and rapid lamp
method for determination of total
sulfur in petroleum has been developed
and cooperatively tested. Modified
finishing methods consist of the follow-
ing: conductometric for nonleaded
samples, nephelometric for leaded or
nonleaded samples in the range of
1 p.p.m. to 0.06%, and gravimetric
which avoids the conventional digestion
and ignition steps. The cooperative
testing was among four Esso Research
and offiliated laboratories and in-
volved 12 plont-type samples. The
reproducibility for conductometric and
gravimetric finishing showed a standard
deviation which varied from 0.0008
to 0.015 over the sulfur concentration
range of 0.01 to 1.0%. The re-
producibility for nephelometric finish-
ing varied from 1.1 to 12 over the
range of 5 to 500 p.p.m.

UMEROUS variations of the lamp

method for determination of sul-
fur in petroleum products have appeared
in the literature. In general, - these
methods have emphasized one particular
phase, whereas the object of this re-
port is to make available an integrated
method. Most of the techniques em-
ployed are well known but the task of
knitting them together required certain
innovations to produce a method that
is adaptable to routine testing in a
petroleum laboratory. A realistic pro-
duction figure is 20 samples per man-
day.

The use of hydrogen peroxide as an
absorbent of the combustion products is
currently a part of an ASTM method
(1) as is also the synthetic oxygen—
carbon dioxide combustion gas. The
unique absorber system and conduc-
tivity method of finishing have been
described (4). The nephelometric fin-
ishing technique is one of relatively long
standing (?), whereas the use of Naph-
thol Yellow S for inducing large par-
ticle precipitates has been recently de-
seribed (2).

REAGENTS

Hydrogen Peroxide, acid-free 309,
reagent grade. Dilute 1 to 10 with
distilled water just before use.

. Solution A. Alcohol, Glycerol.
Add 3 volumes of redistilled glycerol
to 6 of redistilled 959, ethyl alcohol
and 1 of distilled water.

Solution. B. Alcohol, Glycerol,
Acid. Same as Solution A but with
3N hydrochloric acid substituted for
the water.

Solution C. Alcohol, Glycerol,
Acid, Peroxide. Add one volume of
solution B to 5 of 39, hydrogen
peroxide.

' Barium Chloride. The 20-30 mesh
product available from Hellige, Inc.,
New York, N. Y., as Catalog No.
8042, seems to give the best results.

Naphthol Yellow S. Dissolve 0.4
gram of Naphthol Yellow S in 1 liter
of distilled water. Dissolve 20 grams
of barium chloride dihydrate in 1
llter of dilute hydrochloric acid (25
ml. of concentrated hydrochloric acid
per liter of distilled water). Pour the
Naphthol Yellow S solution into the
acid barium chloride and allow to
stgnd 24 hr. before using.

CHIMNEY,
#3219-C™

BUBBLER TUBE
#3218-8

ABSORBER
CYLINDER
#3221-F

Lamp sulfur burner and

Figure 1.
absorber assembly

Standard Sulfuric Acid. Prepare
0.1249N " sulfuric acid. One milli-
liter' of this solution is equivalent to
2.0 mg, of sulfur. Further dilute for
the preparation of additional standard
solutions such that 1 ml. of each will
contain 0.2, 0.02, and 0.005 mg. of
sulfur.

APPARATUS

Lamp Assembly, The complete
burner and absorber assembly are
shown in Figure 1 and are obtainable
from the Kontes Glass Co., Vineland,
N. J., under the designations indicated.
The burner and flagk are in accord
with ASTM specifications (f) as is
also the chimney, with the exception of
the substitution of a § 10/30 joint.
The carburetion-type burner is procur-
able as Drawing No. 2881-F (6) and
the low volatility burner as Drawing
No. 3282-F (6). A blast type gas
burner is described in the ASTM method

Combustion Gas Metering Assem-~
bly. The assembly shown in Figure
2 is suitable for at least 10 lamp units.
The steam-jacketed carbon dioxide
heater is satisfactory for maintaining
a constant pressure without over-
heating but is only one of several
adaptions that can be devised. Ro-
tameters should be selected to provide
a maximum gas volume of 6 cu. feet
per hour per lamp, of which approxi-
mately 35% is oxygen. An auxiliary
manifold is shown from which a con-
trolled amount of carbon dioxide can be
obtained for mixing with the combustion
gas to each lamp in order to lean the
oxygen content and thus obtain better
burning of the more aromatic type
samples. Automatic shutoff valves and
an alarm are shown as safety features in
case of pressure drop from a depleted
cylinder.

Manifold to Lamp Connections.
In setting up a bank of ten lamps
various means can be devised to
support them conveniently and permit
connections to be made with the
manifolds. The essential connections
for a single lamp are shown in Figure
3. Each manifold must be connected
to a water bubbler-type pressure
regulator. Eight to 10 inches of
water is sufficient.
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Nephelometer. Use a Coleman
Model 7 Photo-Nephelometer with an
80-unit Coleman Nephelos standard
and filter. This latter item can be
made by obtaining an Eastman Kodak
ND-2 (neutral density) photographic
filter, all glass type, and mounting it
in 2 Coleman filter holder.

Conductance Bridge and Cell. The
conductance bridge supplicd by
Arthur H. Thomas Co., Catalog No.
3965, can be used in conjunction with
the micro-type conductivity cell, Cat-
alog No. 3997. When ordering it is
essential to specify bright platinum
electrodes.

Glass Fiber Filter Paper. H. Recve
Angel & Co., New York, N. Y,
supplies a glass fiber filter for use in
the usual No. 3 Gooch crucible.
The 2.1-cm. size is listed as Catalog
No. X934-AH.

Calibration of  Nephelometer.
Follow the supplier’'s directions for
use of the instrument by the null
method. Insert the 80 Nephelos
standard and turn the Bal kncb to
give a scale reading of 40. Adjust
Std. knob to bring the galvanometer
to zero. Use this method to check
ingtrument drift frequently. It is
also suggested that the opaque end of
the filter holder be inserted in the filter
slot in order to darken the photocell
for zero adjustroent.

Accurately pipet suitable amounts of
the standard sulfuric acid solutions into
the lamp assembly absorber cylinder
such that a range of 0.01 to 0.10 mg.
of sulfur iz covered for calibration
without the filter and 0.10 to 0.50 mg.
for calibration with the filter. Add 5
ml. of Solution B, dilute to 30 ml. with
distilled water, and mix well. Add by
means of a suitable scoop approxiraately
0.2 gram of the Hellige barium chloride
crystals. Close the cylinder with a
glass stopper and immediately mix for
1 minute by tilting the cylinder to
permit flow {from end to end. Allow to
stand 3 minutes and then pour into a
selected cuvette. Place in the immer-
sion well and rcad after an clapsed time
of exactly 5 minutes from the addition
of the barium chloride.

Repeat to obtain a blank reading by
omitting the standard acid. Subtract
the blank reading from the above
readings and plot this instrument
reading against sulfur concentration.
Figure 4 is representative of a typical
nephelometric calibration.

Calibration of Conductivity Bridge.
Operate in accord with supplier’s
instructions. Fire polish a heavy
ring on the skirt of the conductivity
electrode, without restricting the
opening, in arder to prevent chipping
when in use. If the skirt becomes
even slightly chipped, it must be
recalibrated.

Add suitable volumes of the standard
sulfuric acid solutions to the absorber
cylinders to cover the range of 0.005
to 140 mg. of sulfur. Add 2 ml of
30% hydrogen peroxide and make up
to 25 ml. with distilled water. Stopper,
shake thoroughly, and place in a con-
stant temperature water bath held at
+£0.1° C. When temperature equilib-
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Schematic arrangement of manifold to

lamp assembly connections

rium has becn obtained, insert the
conductivity electrode and move it in
and out of the solution several times and
obtain an approximate reading. Take
a final and exact reading immediately
after the electrode has again been
moved in and out several times. Figure
5 illustrates a representative conduc-
tivity calibration curve. Hydrogen
peroxide of sufficient purity is available,
s0 a conductivity blank is not necessary.

METHOD

The schematic diagram, shown in Fig-
gure 6, provides an over-all description

of the operations involved in the
method. The upper part shows the
burner types for use with various
samples and the lower part indicates the
finishing methods and the circumstan-
ces under which they are applicable.

Burning Operation. Place 20 ml. of
the 3% hydrogen peroxide solution
in each absorber cylinder. Wick
sufficient burners by drawing through
two doubled strands of cotton wicking
and cut flush with the top of the
burner. Place 3 to 6 grams of sample
in each flask and insert the wick and
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BURNING OF SAMPLE

ASTM BURNER

J\ﬂ; GAS BURNER

CARBURETION TYPE

LOW VOLATILITY __
BURNER

PARAFFINS

AROMATICS BY REDUCING RATIO
OF 0, TO O,

AROMATICS BY DILUTION

FOR LIQUEFIED PETROLEUM GASES

FOR AROMAT‘CS 00 NOT USE IF H, S
ELEMENTARY . SUL
ARE PRESENT

FOR WAXES AND GAS OILS

FINISHING OF ABSORBER SCLUTION

NO
INTERFERENCE
NEPHELOMETRIC IF
< 0.1 M6.
ABSORBER _|
SOLUTION
> 30 MG.
INTERFERENCE| nepHELOMETRIC IF <'3.0 MG.
USE ALIQUOTING TEGHNIQUE

burner. Immediately weigh, light,
and establish in place on the lamp
assembly.

A certain amount of practice will be
required before successful lighting can
be accomplished. However, if the oxy-
gen to carbon dioxide ratio is first ad-
justed to give optimum burning of par-
affinic samples, most samples can be
lighted and established on the bank
without smoking. Final adjustments
of the gas volumes can then be made.
If the top of the flame tends to reach up
or shows evidence of smoking, the addi-
tion of carbon dioxide from the aux-
iliary manifold will reduce it to normal
behavior. However, with pure aromat~
ics it is necessary either to dilute with
s paraffinic hydrocarbon such as iso-
octane or use the carburetion-type bur-
ner,

Continue burning until the sample is
depleted and the flame is about to go out.
This is essential if the sample contalns
either hydrogen sulfide or elementary-
type sulfur. Through the use of
sulfur-35 it has been shown that ele-
mentary sulfur concentrates at the tip
of the wick but if allowed to burn to
dryness recoveries of 90% can be
realized. The hydrogen sulfide is
flushed out of the sample more rapidly
than the sample is consumed. Lower
the burner, blow out the remaining
flame, and immediately reweigh.

Finishing Operation. ConbucTo-
METRIC. Samples not containing
tetraethyllead or acid-forming con-
stituents other than sulfur, that are
to be finished conductometncally,
must be purged with carbon dioxide—
{ree air for 5 minutes. Partially lift
out the absorber tube and rinse down
both the inside and outside with an
amount of water necessary to bring the
volume to 25 ml. It is not necessary
to rinse the chimney, since work with
sulfur-35 as a radioactive tracer has
shown that with nonleaded samples
there is a negligible amount of sulfur
remaining. Mix well and thermostat.
Determine the conductivity. If the
measurement indicates the presence of
more than 0.1 mg. of sulfur, then it
can be used to determine the actual
sulfur content of the sample. If the
indicated content is more than 10 mg.,
it is advisable to dilute with sufficient

A

CONDUCTOMETRIC IF
> 0. MG.

GRAVIMETRIC IF

BETWEEN 0.5 AND 3.0 MG.

Figure 6. Schematic diagram of operations
in lamp sulfur test
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3% hydrogen peroxide to bring the
reading into a more accurate range.
NepreroMETRIC. If the above ab-
sorber solution was found to contain
less than 0.1 mg. of sulfur, remove the
conduetivity cell after freeing it of as
much of the solution as possible. Add
5 ml. of Solution B and mix. Filter
completely through a dry No. 42
Whatman filter paper into another
clean dry cylinder but do not wash the
paper. About 28 ml. will be collected,
to which add 0.2 gram of the barium
chloride. Complete nephelometrically
as wag done in the calibration step.
The instrument must be adjusted with
the Nephelos standard in the same
manner as the calibration was made.
For all nephelometric work a blank
must be determined; this should in-
clude the passing of the oxygen—carbon
dioxide mixture through the hydrogen
peroxide, filtering, ete., as for a sample.
A satisfactory blank is of the order of
0.01 mg. of sulfur.
NEPHELOMETRIC

FINISHING  OF

LEADED  SAMPLES. Remove the
chimney and rinse down both the
inside and outside of the absorber tube
with 5 ml. of Solution A. Dissolve the
white deposit in the chimney with 2 ml.
of 1N hydrochloric acid and add to the
absorber. Rinse the chimney with
1-ml. portions of water until the ab-
sorber solution is 30 ml.

If less than 0.5 mg. of sulfur is known
to be in this solution, proceed to filter
through No. 42 Whatman and thus
continue to ecomplete the nephelometric
finishing,

If the sulfur content of the filtrate
is not known or is known to contain
more than 0.5 mg., remove a 5-ml
aliquot and make up to 80 ml in
another absorber with Solution C.
Filter through No. 42 Whatman and
complete the nephelometric finishing.
If an acceptable reading is not obtained,
repeat with a larger aliquot. Thus, if a
5-gram sample containing tetraethyl-
lead is burned, sulfur contents up to
0.019, can be determined nephelo-

Table I. State of Quality Conirol of Various Laborateries on Practice Samples
rSamples for conductometric finishing. Theoretical 8 conen., 0.103%,

metrically without aliquoting and up to
0.06% with aliquoting. Such nephelo-
metric finishing is relatively fast.

GraviMETRIC. If the 5-ml. aliquot
described above contains more sulfur
than can be determined nephelo-
metrically, the sample can still be
salvaged for gravimetric finishing by add-
ing all the portions, including washings
of the filter paper, to a 600-ml. beaker.
If gravimetric finishing is contemplated
from the start, it is preferable to burn
at least a 6-gram sample. Rinse the
contents of the absorber into a 600-
ml, beaker. Dissolve the white de-
posit in the chimney with 5 to 10 ml. of
1N hydrochloric acid and add the acid
and subsequent rinsings to the beaker.
Dilute to 200 ml. and filter if it appears
necessary. Heat the solution to boiling
and add 100 ml. of the Naphthol Yellow
S-barium chloride solution. Permit
the solution to stand until it reaches
room temperature.

Prepare a filter by placing two glass
fiber filter pads in a clean dry Gooch
crucible. Best results are obtained by
heating for 30 minutes in a 230° F.
oven. Cool and weigh. With gentle
suction (about 7 inches of mercury
below atmospheric) filter the contents
of the beaker and wash until free of

No. of 959, Confidence chioride. Heat at 230° F. to constant
Laboratory 'Tests Average High Low Level weight. . .
A _ 0.101 0.106 0.008 All calculations are obvious and have
B gé 0,104 0.105 0'899 iggggg been omitted. Likewise, the applica-
¢ 15 0,099 0,103 0.096 +0.0044 tion of the method to liquefied gases,
D 19 0.102 0.107 0.098 10,0044 gaseous and low volatility samples is
not deseribed. Wax samples are easily
Samples for Nephelometric Finishing. Theoretical 8§ conen., 12 P.P. M. burned with the low volatility burner,
A 41 12 14 10 +2.0 if the assembly is heated with an infra-
B 10 i1 13 10 *1.7 red lamp (8).
C 18 11 15 8 +3 .4
D 12 11.5 13 10 +2.6 COOPERATIVE TESTING
« Iso-octane plus thiophene, Four Esso Research and affiliated
laboratories participated in the coop-
Table ll. Cooperative Test Results
No. Sample Tab A Lab B Lab C Lab D Average
Sulfur, P.P.M.
Nephelometrie?
1 Heavy cat. naphtha 193 196 196 211 221 215 215 215 212 211 203 208 208
2 Hydroformate 4 3 3 2 2 3 4 3 1 1 1 1 2.3
3 Leaded motor gasoline® 486 497 486 467 475 501 503 477 479 505 480 475 485
4  Aviation gasoline 27 24 28 24 28 28 32 30 31 31 25 27 28
5 Heavy virgin naphtha
-+ 45 p.p.m. S added 51 49 50 46 44 48 48 49 49 50 45 47 48
Conductometric Sulfur, Wt. %
6 Virgin naphtha 0.0110 0.0120 0.0120 0.0107 0.0101 0.0102 0.0098 0.0103 0.0102 0.0113 0.0105 0.0104 0.0167
7 Commerecial kerosine 0.0270 0.0330 0.0280 0.0284 0.0276 0.0294 0.0264 0.0282 0.0271 0.0286 0.0274 0.0276 0.0280
8 Isg-octane + 0.1934%
S added 0.191 0.187 0.186 0.1962 0.1885 0.1908 0.184¢ 0.189 0.188 0.189 0.195 0.187 0.1893
9 Coker naphtha 0.129 0.125 0.128 0.1258 0.1291 0.1240 0.124 0.131 0.134 0.139 0.135 0.135 0.1299
10 Heavy cat. naphthac 0.321 0.326 0.311 0.306 0.300 0.314 0.297 0.316 0.321 0.313 0.307 0.300 0.311
11 Coker naphthas 0.905 0.910 0.916 0.900 0.912 0.907 0.900 0.910 0.940 0.926 0.919 0.895 0.912
Gravimetrie
12 Isoc-octane + 0.072%,
S added 0.066 0.064 0.088 0.06886 0.0695 0.0709 0.0664 0.0615 0.0660 0.068 0.068 0.069 0.0672
13 Leaded motor gasolines 0.043 0.040 0.042 0.0437 0.0436 0.0459 0.0415 0.0371 0.040 0.042 0.044 0.043 0.0422
14 Heavy cat. naphthas 0.303¢ 0.313 0.317 0.319 0.322 0.317 0.304 0.309 0.307 0.300 0.298 0.302 0.310
15 Coker naphthas 0.910 0.932 0.931 0.927 0.895 0.915 0.913 0.918 0.911 0.929 0.922 0.927 0.919

a Value correeted to 0.315% S on basis of Dixon’s test.
5 Nephelometric portion of program was repeated.
¢ Samples 3 and 13, 10 and 14, 11 and 15 are the same,
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Table lll. Summary of Statistical Evaluation of Lamp Sulfur Cooperative Program

Sulfur,
Sample P.P.M. Repeatabilitys Reproducibility?
N(Ehelometric
eavy catalytic naphtha 208 23 =10
Hydrofcrmate 2.3 1.2 1.2
Leaded motor gasoline 485 .14 14
Aviation gasoline 28 2.7 2.7
Desulfurized virgin naphtha + 45
p.p.m. 8 48 ' 2.3 2.3
Wt.
Conductometric %
Virgin naphtha 0.0107 0.00043 0.0008
Commercial kerosine 0.028 0.0017 0.0017
Iso-octane 4 0.1934% S 0.1893 0.0035 0.0035
Coker naphtha 0.1299 0.005 0.005
Heavy catalytic naphtha 0.311 0.0092 0.0092
Coker naphtha 0.912 0.0124 0.0124
Gravimetric
Iso-octane + 0.0729% S + TEE 0.0672 0.0026 0.0026
Leaded motor gasoline 0.042 0.0023 0.0023
Heavy catalytic naphtha 0.310 0.0023 0.0088
Coker naphtha 0.919 0.011 0.011

s Standard deviation.
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Figure 7. Reproducibility when conductometrically and
gravimetrically finished
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Figure 8. Reproducibility when nephelometrically finished

erative testing of the lamp sulfur method
described above. However, before
these laboratories undertook the actual
testing, each demonstrated that it was
in a satisfactory state of quality control
by applying the method to known
practice samples. The data shown in
Table I were so obtained. In addition
to determining the fitness of each lab-
oratory, the work also demonstrated
the variation from the true sulfur con-
tent which the method would give
when ideal samples were tested in dif-
ferent laboratories. Thus for conducto-
metric finishing at the 0.103%, sulfur
level, the average of all four laboratories
showed a bias of —0.0014 and for neph-
elometric finishing at the 12 p.p.m.
level the bias was —0.6 p.p.m.

Following this- demonstration, 15
plant-type samples were supplied to the
laboratories. Each sample was sub-
mitted in three bottles. These bottles
were identified with an unrelated num-
ber and the finishing method that should
be applied. The laboratory supervisor
was informed which numbers to test
in a single day, so that each sample
would be tested singly on three dif-
ferent days. Contents of each of the
45 bottles were tested once. Table II
describes the samples, with the results
reported by the four laboratories.
These data bhave been statistically
evaluated by a method essentially the
same as one developed in the Esso
Laboratories (3) and arc shown on
Table TIT.

The standard deviation of the repro-
ducibility results for gravimetric and
conductometric finishing have been plot-
ted against the sulfur level in Figure
7. From this curve the following sulfur
levels and corresponding expected re-
producibility values have been taken:

Sulfur Level, Standard Deviation
A of Reproducibility

. 0.010 =+0.0008
0.050 0.0022
0.100 0.0035
0.500 0.0098
1.000 0.015

To translate these figures into a
practical application, the 0.100% level
may be considered, which is a common
specification limit for sulfur in motor
gasoline, The data indicate that a
refinery must maintain & 0.093%, test
limit in order to be 95% confident that
any given shipment will not exceed
0.100% sulfur.

For nephelometric finishing the re-
producibility results have been plot-
ted against the sulfur level in Figure 8.

These data do not conform to a
straight-line relationship as well as
those of Figure 7. However, in the
lower sulfur ranges more scattering
would be expected. From this curve
the following sulfur levels and expected
nephelometric reproducibility values
have been taken.
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Sulfur Level, Standard Deviation
P.P.M. of Reproducibility

5 = 1.1

10 1.6

50 3.7

100 5.3

500 12.0

To extend the above data further it is
found that at the 10 p.p.m. level a re-
sult falling in the range of 6.8 to 13.2
can be expected 959 of the time. Four
of the five samples finished nephelo-

metrically and eight of the ten samples
finished conductometrically or gravi-
metrically have the same deviation for
both repeatability and reproducibility.
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Remote Control Determination of Corrosion Products
and Additives in Homogeneous Reactor Fuel

Application of lon Exchange

A. D. HORTON, P. F. THOMASON, and M. T. KELLEY
Ouk Ridge National Laborafory, Oak Ridge; Tenn.

P lon exchange techniques have been
applied to remote control separation
of the most important metal corrosion
products from uranyl sulfate solution
in homogeneous reactor fuel. In most
cases, the metal in the effluent from
the column is collected in a calibrated
polarographic cell sample holder, in
which the effluent can be evaporated
to dryness, redissolved, and dilvted
to volume with the proper supporting
electrolyte. Adsorption characteristics
of the corrosion products with respect
to anion and cation exchange resins,
and procedure outlines for deter-
mination of aluminum, nickel, cobalt,
chromium, iron, manganese, copper,
and zirconium are given in tabular
form.

URING operation of the homoge-

neous reactor, uranyl sulfate solu-
tion at high temperature and pressure
is in contact with stainless steel, zir-
conium alloy, and other alloys which
are integral parts of the reactor. Be-
cause of high temperature, radiation,
and the acidic nature of the fuel, a cer-
tain amournt of corrosion takes place.
Initially, the fuel consists of 0.005M
copper sulfate solution that contains
10 grams of uranium, as uranytl sulfate,
per liter. Copper is used to catalyze
the recombination of hydrogen and
oxygen produced by decomposition of
water in the fuel during operation of
the reactor. As corrosion takes place,
nickel, manganese, cobalt, iron, chro-
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mium, zirconium, aluminum, and other
metals may enter the solution. An-
alytical determination of the corrosion
produects gives an indication of the
stability of the metallic components of
the reactor. Many of the methods
now in use for the determination of
these elements require separation tech-
niques involving multiple solvent ex-
tractions or precipitations. Although
these methods are effective for a par-
ticular element, they are impractical
where remote control manipulation
is required.

There are several prerequisites to
the development of analytical methods
for use in remote control analytical
facilitics. The methods must be sim-
plified as much as possible, in order to
minimize the handling of equipment
by the master-slave type manipulator or
by remotely controlled electrical and
mechanical devices. It is desirable to
combine a8 many steps as possible by
constructing unitized separation and
analytical apparatus, whereby com-
plete determinations may be carried
out with three or four simple manipula-
tions.

An ion exchange column is particu-
larly well suited to remote control
analytical methods, as it rcquires no
shaking or stirring. Simple aftach-
ments to the outlet of the column make
possible the collection of effluents or
eluates in the vessel that is to be used
in the final step of the determination,
thereby eliminating or minimizing trans-
fers of solutions. For example, trans-

fer of a solution from a narrow-necked
volumetric flask to a polarographie cell
requires expert handling of the master-
slave manipulator. This step in a
given polarographic analysis may be
eliminated by collecting the effluent
from the column directly in a polaro-
graphic cell, reducing the volume by
placing the cell in a eylindrical beater,
then adding reagents to the cell to pro-
vide a supporting electrolyte for polaro-
graphic determination. This principle
is illustrated in Figure 1.

The ion exchange column may be
prepared outside the remote facility and
admitted to the facility by means of
an access port. The amount of ion ex-
change resin required for an analysis
can be predetermined from experience
with nonradicactive test-loop samples.
The amount of sample taken from the
reactor is always the same, and the
amount required for the individual de-
termination is easily estimated. Kraus
and Nelson (3) have determined the ad-
sorption coefficients of all the ions con-
sidered herein from equilibration studies
of radiocactive tracer solutions with
various ion exchange resins. The ad-
sorption characteristics of the corrosion
products with respect to anion and cat-
ion resins are given in Table I. The
ion exchange column is discussed with
respect to column size, resin volume,
flow rates, and other factors in an
earlier paper (2).

REAGENTS AND APPARATUS
Ion ExcmancE REsins. Dowex 1



Table I.  Adsorption Characteristics of Corrosion Products and Additives Found in Homogeneous Reactor Fuel

Dowex 50 Cation Resin,

Dowex 1 Anion Resin Hydrogen Form
Chloride Form Sulfate Form Not ad-
Adsorbed Not adsorbed Adsorbed Not adsorbed Adsorbed Not adsorbed Adsorbed sorbed from
from 93/ HCl from 9M IIC1 from 453/ HCl from 4.5) HCl from 0.3M H.SO; from0.3M H.SOs fromdil. HoSO,  dil.  H,S04
U(VI) AI(TIT) T(VI) AI(IID) U(VI) Cu(II) U(VI) Cr(VI)
Cu(II) Ni(IT) Cu(II) Ni(II) Sn(IT and 1V) Fe(IT and III) Cu(II)
Fe(IT and I11) Cr(I1I) Fe(I11) Cr(111) Cr(I1I and VI) Ni(II) Fe(I1 and I11)
Sn(ITand IV) Ti(IV) Sn(IIand IV) Ti(I11) Ti(IV) Co(1I) Sn(ITand IV)
Co(11) Mn(I1) Cr(VD) Co(1I) AI(IID) Co(II)
Zr(1V) Zr(1V) Zr(IV) Zr(1V)
Cr(VI) Mn(11) Mn(II) AI(IIT)
Fe(II) Ni(II)
Cr(I1I)
Ti(IV)
Mn(II)

@ <M H.S0,.

Table Il. Procedure Outlines for Remote Control Separation and Determination of Corrosion Products in Homogeneous
Reactor Fuel

Ton to Be 2 3 4 5 7
Deter- Pretreatment of Sample Ion Exchange  Column Vols. Iffluent 6 Analytical
mined before Separation Resin of Rinse Collected in Treatment of I:ffluent Method
Al(TIT) Adjust. HCI conen. to Dowex 1 (10% 2,94 HCl  50-ml. vol. Lvap. to dryness, add Spectrophotomet-
RV DVB) chloride- flask HCl and p\n(lme Add rie (2) 525 mpu
form, anion aluminon-buffer  rea-

gent.  Heat flask in
boiling water 5 min.
Cool, dil. to vol. Meas-
ure absorbance vs. dis-
tilled water

Ni(IT) Same as Al Same as Al 2, 41 HCl Polarographic  Evap. to dryness. Cool, l’ol’uogmphlc 5)

Co(1I) cell a({d HCI and pyridine E'/, =078 v.
to give 0.1} pyridine, vs. S.C.E. for Ni
0.1./ pyridinium chlo- and —1.07 w.
ride when diluted to 5 for Co

ml.
Cr(VI) Add slight excess KMnO; Dowex 30 (8% 2, H.O Polarographic  Dilute to 10 ml. Polamgrnpluc (6)
and heat to boiling. DVB) hydrogen- cell contain- EV/.
Cool form, cation ing 3 NaOH vs. % C. E
pellets
Fe(Total)  Adjust LSO conen. to Dowex 1 (10%  2,0.3.M Polarographic  Dilute to 10 ml. Polarographic (4)
0.33/. Dip coil made DVB) sulfate- H.S0s cell contain- E'/s —0.15 v.
from !/ inch wide form, anion ing 1.47 g. vs.S.C.E.
heavy Cd foil into citric acid
109, HNQO);, then dis-
tilled 1,0. Then dip
coil into sample and
stir 15 min. with mag-
netie stirrer to remove
copper.  Reoxidize U
and Fe with slight ex-
cess of KMnO,
Nn(1I) Same as Al Same as Al Same as Al Polarographic  Evap. to dryness. Cool. Pol.uogmphlc 9)
cell Dissolve reﬁlduc in 3 E!'/, —1.33 v. vs.
ml. 1N KCN S.C.E.

Zr{(1IV) Same as Al Dowex 1 (109% 2,9M HCIl. Beaker Evap. to dryness, trans- Spectrophotomet-
DVB) chloride- Discard fer to 10-ml volumetric ric (1) 555 mpu
form, anion effluent, flask. Add 7 drops

then 2, coned. HCI, 1 ml. 209,
4.50- NH.OH.HCI and 1 ml.
HC1 0.29%, Thoron reagent.
Dilute to 10 ml. Meas-
ure absorbance uvs.
reagents
Cu(IT) Pipet 2.5 ml. 0.537 Ver- Ton-exchange separation not required Polarogmpluc (8)
senate solution into E'/s —0.5
polarographic cell. vs.S.C.IE.

Add sample and dilute
to 5 ml. with water
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Figure 1. Apparatus for remote con-

trol separation and collection of
corrosion products from homogeneous
reactor fuel

(10% DVB) 50- to 100-mesh, chloride-
form anion exchange resin and Dowex
50 (8% DVB) 50- to 100-mesh hydro-
gen-form cation exchange resin, Dow
Chemical Co., Midland, Mich.

VERseNaTE SorLutioN, 05M for
Copper Determination. Weigh 18.6
grams of reagent grade disodium (ethyl-
enedinitrilo) tetraacetate into a 150-ml.
beaker. Cover the Versene with dis-
tilled water, and insert pH electrodes
into the solution. Add sodium car-
bonate until the Versenate solution
hasa pH of 7.0. Add sodium hydroxide
to a pH of 3.0. Transfer the Versenate
solution to a 100-ml. volumetric flask
and dilute to the mark with water.

METAL STANDARDS. Prepare the
aluminum and zirconium standards
according to the methods of Horton
(1, 2). Prepare the other metal stand-
ards in a conventional manner {rom re-
agent grade sulfate or chloride salts.

AvvmiNoy BurreEr aND THORON
ReagenTs. Prepare aluminon buffer
reagent for aluminum according to Luke
and Braun (?), and Thoron reagent
by the method of Horton (7).

Apparatus. The ion exchange col-
umn and astachments are shown in
Figure 1.

In Figure 2 there is a bank of polaro-
graphic cells.

The dropping mercury capilary is
connected to a mercury header by means
of a glass tee and Tygon tubing.
Mercury is pumped by compressed air
from the mercury storage flask to a
mercury reservoir (not shown), which is
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set at a height to give the desired drop
time. A 50-ml. test tube serves as the
saturated calomel electrode, which is
connected to the cell by means of an
agar-salt bridge contained in Tygon
tubing with glass tips. Nitrogen for
deoxygenation of the sample is brought
into the cell by means of a glass-tipped
Tygon tube (not shown). The micro-
buret on the right is used for addition
of standard solutions to the cells.

Ion Exchange Resins. A. CHLO-
rIDE-ForM ANToN ExcHANGE RESIN.
Place a plug of glass wool in the bottom
of a large glass tube with a tapered tip.
Fill the tube with a slurry of Dowex
1 (109, DVB) 50- to 100-mesh resin
and 9M hydrochloric acid. Estimate
the volume of the column, and pass
10 column volumes of 9M hydrochloric
acid through the resin. Store the resin
in a glass container and use as needed.

B. Surrare-Form AN1oN EXCHANGE
Resin. Use a tube similar to the one
in A. Fill with a slurry of untreated
Dowex 1 (10% DVB) 50- to 100-mesh
chloride-form resin and 1.0M sodium
sulfate solution. Pass 1.0M sodium
sulfate through the column until a nega-
tive test for chloride is obtained with
silver nitrate solution. Pass 0.3M sul-
furic acid through the resin until the
pH of the effluent is the same as that
of the influent. Use Accutint test
paper.

C. HryproGen-Form CatioNn Ex-
cHANGE ResIiN. Use a tube similar
to the one in A. Fill the tube with a
slurry of Dowex 50 (8%, DVB) 50- to
100-mesh hydrogen-form resin and dis-
tilled water and wash with 10 column
volumes of 6M sulfuric acid and then
with 10 column volumes of water.

Preparation of Ion Exchange Col-
umn. Place a plug of glass wool in
the bottom of the column (see Figure
1). Fill the column with a slurry
of the desired resin and the proper acid
(see columns 2 and 3 of Table II) to a
volume of 4.0 ml. of wet resin. Place a
plug of glass wool on top of the resin
body to prevent disturbance of the resin

when solutions are added to the column.

General Procedure. Procedures for
remote control separation of the
most important ions in Table I from
uranyl sulfate solution and the analyti-
cal determination of these ions are given
in Table II.

Place the proper collector under the
tip of the column. Transfer the sample
as prepared in column 2 to the resin
column. When the sample has almost
drained from the resin column, attach
the column extension and add rinse or
eluent according to column 4. When
the rinse has almost drained from the
resin column, remove the collecting
vessel and treat according to columns
6and 7.

RESULTS AND DISCUSSION

Most of the procedures are polaro-
graphic. Polarography is ideal for re-
mote control analytical work, because
the effluent or eluate from the sample
can be collected and treated directly in
the sample holder of the cell and only
the cell plus the electrodes need be
placed behind the barricade of the re-
mote facility. Thus, manipulation and
volumetric errors are held to a minimum.

The results of the determination of
the major corrosion products and addi-
tives in homogeneous reactor fuel are
given in Table III. After separation
of the metals by the procedures given,
interferences are eliminated. Although
copper is not separated from uranium or
corrosion products, no interferences have
been encountered. The minimum con-
centrations (micrograms per milliliter)
of the metals in homogeneous reactor
fuel that can be determined by the pro-
cedures given herein are: aluminum, 5;
nickel, 10; chromium, 10; iron, 20;
zirconium, 10; copper, 5; cobalt, 10;
and manganese, 10.

Figure 2. Polarographic cells



Table Il

Determination of Corrosion Products and Additives in Synthetic Homo-

geneous Reactor Fuel

Composition of Synthetic Fuel.

U(VI), 40 g./liter; AI(III), 50 mg./liter; Ni(II), 100

mg./liter; Fe(IIl), 100 mg./liter; Zr(ISV), 100 mg. /liter; Cu(IT), 100 mg. /liter; Cr(III),

0 mg.

[liter.

Synthetic Rel.
Ton Fuel Taken, ML Ton Found, y  Diff,, v 8td. Dev., %
Al(IIT) 1.0 49.5 —0.5 3.2
0.6 30.4 +0.4
0.4 19.8 -0.2
0.2 9.4 —-0.6
Ni(II) 1.0 100.2 +0.2 2.3
101.0 +1.0
0.2 21.1 +1.1
20.4 +0.4
Fe(111) 1.0 98.0 —2.0 0.7
990 -1.0
0.2 19.5 —-0.5
19,5 —-0.5
Zr(1V) 0.62 59.3 -2.7 1.8
0.30 20.5 —0.5
0.25 245 —0.5
0.29 29.0
Cu(II) 1.0 100.1 +0.1 1.6
100.0
0.1 9.8 —-0.2
10.2 +0.2
Cr(I1I) 0.4 19.9 —0.1 2.5
20.2 +0.2
19.6 —0.4
20.8 +0.8

Determination of Mercury in Urine

V. L. MILLER and FRANK SWANBERG, Jr.!
Western Washington Experiment Station, Stafe College of Washington, Puyallup, Wash.

P A rapid and specific method for the
determination of mercury in urine is
needed for use in diagnosis of chronic
mereury poisoning. The method pre-
sented ufilizes a catalytic hydrogen
peroxide oxidation of the sample,
followed by the mercury micropro-
cedure of Polley and Miller, which
depends on the reaction: Hg+tt+ 4+
R;Hg — 2RHg*. The RHg* is deter-
mined by the simple dithizone reaction
for organic mercurials. Aslittle as 1 ¥
per 100 ml. of sample may be deter-
mined. The procedure may also be
applied to very dilute solutions of
mercury.

THE DETERMINATION OF MERCURY
in urine is commonly used in the
diagnosis of chronic mercury poisoning
(2) in persons exposed during manu-
facture or use of metallic mercury or its

1 Present address, University of Wash-
ington, Seattle, Wash.

compounds. The usual procedure for
the determination of mercury in urine
is: to absorb the mercury on copper,
precipitate mercuric sulfide with an-
other sulfide as a carrier, or extract
directly with a solution of dithizone in
chloroform, after oxidation (4). The
proposed method is based on oxidation
of the sample with hydrogen peroxide,
followed by microdetermination of mer-
cury by the method of Polley and
Miller (3).

REAGENTS

Hydrogen peroxide, 509, technical
grade, available from the Buffalo Elec-
trochemical Co., Vancouver, Wash.

Catalyst mixture. Hydrochlorie acid,
6N, conforming to ACS specifications,
containing 1 gram of ferric chloride
hexahydrate and 2 grams of chromium
potassium sulfate per 100 ml. of solu-
tion. '

Peroxide test reagent. Ten grams of
titanyl sulfate are shaken several hours
with 50 ml, of water and 20 grams of

ACKNOWLEDGMENT

The polarographic, cells for use in the
High Radiation Level Analytical Facil-
ity were designed by W. L. Maddox of
this laboratory.

LITERATURE CITED

(1) Horton, A. D., Axan. Cmem. 25,
1331 (1953).

(2) Horton, A. D., Thomason, P. F., I'bid.,
28, 1326 (1956).

(3) Kraus, K. A., Nelson, F., Interna-
tional Conference on Peaceful Uses
of Atomic FEnergy, Paper 837
(USA), August 1955.

(4) Lingane, J. J., J. Am. Chem. Soc. 68,
2448 (1946),

(5) Lingane, J. J., Kerlinger, H., Inp.
Ene. CHeEm., Anav. Ep. 13, 77
(1941).

(6) Lingane, J. J., Kolthoff, I. M, J.
Am. Chem. Soc. 62, 852 (1940).

(7) Luke, C. L., Braun, K. C., AnaL.
CHEM. 24, 1120 (1952).

(8) Pecsok, R. L., Ibid., 25, 561 (1953),

(9) Verdier, E. T., Collection Czechoslov.
Chem. Communs. 11, 216 (1939).

RECEIVED for review July 14, 1956.

Accepted October 26, 1956.

sulfuric acid, and centrifuged to obtain a
clear solution (5).

Acetic acid, glacial, ACS grade, and
0.3N.

Accuting indicator paper No. 60.

Ammonium hydroxide, ACS grade,
diluted with 2 volumes of redistilled
water.

Chloroform, redistilled.

Ditolyl mercury. Twenty milligrams
of ditolyl mercury (Eastman Kodak) are
dissolved by refluxing in 200 ml. of
neutral redistilled absolute ethyl alco-
hol. This solution is stable at least 6
weeks if stored in a dark bottle. Chill-
ing causes undesirable crystal separa-
tion.

Dithizone solution. One hundred
milligrams of Eastman Kodak White
Label diphenylthiocarbazone are dis-
solved in 100 ml. of chloroform and
stored under refrigeration. Dilution of
3 ml. with 90 ml. of chloroform gives a
working range of 0 to 8 v of mercury.

Standard mercury solution. ACS
grade mercuric chloride is dissolved in
water at the rate of 0.1354 gram per 100

.~ ml. of 1¥ sulfuric acid. For daily use
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the stock solution is diluted at the rate
of 1.00 ml. per 100 ml.

PREPARATION OF SAMPLE

A sample of urine not exceeding 100
ml. is measured into a 300-ml. or larger
flask with a ground-glass joint. The
catalyst mixture is added at the rate of
10 ml, and hydrogen peroxide af the
rate of 11 to 12 nl. per 100 ml. of sample.
The neck of the flask is washed down and
connected to a rapidly flowing con-
denser. The flask is placed on an actively
boiling steam bath. Oxidation takes
place with warming and the solution
becomes pale green. When all the
hydrogen peroxide has reacted (no more
tiny bubbles of gas appear in the liquid),
the heating is continued 30 minutes.
Excessive heating is avoided. All the
hydrogen peroxide must be decoraposed
at this point.

DETERMINATION

The cold digest is tested by placing a
few drops of the peroxide test reagent on
a spot plate and adding a drop of the
digested sample with a clean stirring rod.
There should be no yellow or orange
color, which would indicate the presence
of peroxide. The digest or aliquot is
filtered threugh glass fiber filter paper or
3 medium-porosity sintered-glass filter.
In the absence of bismuth or silver, the
filtration may be omitted. The digest
is then transferred to a 250-ml. separa-
tory funnel and 1 ml. of glacial acetic
acid is added. Dilute ammonia is
added to adjust the pH to 3.0 to 3.5,
as determined by Accutint paper as an
outside indicator. One milliliter of the
ditolyl mercury reagent is added and
the funne! is shaken vigorously 10 to 15
times. After 1 minute 10 ml. of chloro-
form are added and the separatory fun-
nel is shaken vigorously for 1 minute.
In samples where emulsions may form
because of scparation of slightly soluble
iron compounds, 1 gram of citric acid
may be added prior to pH adjustment.
The aqueous and chloroform layers are
allowed to separate and the chloroform
layer is drained into a second small
separatory funnel containing 25 ml. of
0.3N ncetic acid. One milliliter of the
diluted dithizone is added and the
separatory funnel is shaken for 30
seconds. The chloroform layer is trans-
ferred to a 10-ml. volumetric flask and
made to volume with chloroform. The
percentage transmittance of the unre-
acted dithizone is measured with a
Beckman spectrophotometer or an Eve-
lvn colorimeter at 620 mu. The amount
of mercury in the sample is determined
from a curve prepared from known
amounts of mercury, using all reagents.
From 0 to 8 v of mercury may be deter-
mined.

DISCUSSION

The use of hydrogen peroxide in the
digestion of urine for the determination
of mercury under different conditions
was reported by d’Hoore (7). In the
present investigation the addition of acid
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Table I. Effect of Acidity on Recovery of Mercury from Urine
12N HCI added, ml./100-
ml. sample 5 1.0 2.0 3.0 40 50 7.0 10.0 13
Hg recovered, % <20 Variable Variable 89 98 99 101 97 103

greatly improved the speed of the
digestion and recovery of added mer-
cury. The addition of 0.5 ml. of 12V
hydrochloric acid per 100 ml. of sample
prevented foaming at the start of the
reaction. However, the solution turned
alkaline during the digestion, and the
mercury was converted to a form that
would not react with the ditolyl mer-
cury to form two molecules of tolyl
mercuric chloride. With the catalytic
mixture described, good recovery of
added mercury was obtained when the
acidity of the sample was from 4 to 13
ml. of 12N hydrochloric acid per 100
ml. of sample. With less acid (1 to 3
ml.) recovery of added mercury may be

poor; with more acid the digestion was

slower and occasionally the chloroform
extract had a yellow color (Table I).

A number of metal ions are reported
to catalyze the decomposition of hydro-
gen peroxide (5). Of the catalysts
tried, iron alone or with chromium and/
or vanadate, or vanadate alone, or with
copper, molybdate, or selenate appeared
to be satisfactory. Copper, tungstate,
molybdate, uranyl, arsenate, chloro-
platinate, nickel, cobalt, manganese,
tin, chromium, selenate, or titanium
ions alone are unsatisfactory.

Of the suitable catalysts, the iron-
chromium mixture was chosen over
vanadium alone or in combination
because it caused a more rapid oxida-
tion, had a greater acid range, and did
not form yellow chloroform extracts.
Vanadate has been reported to give a
brown color in the presenece of hydrogen
peroxide (5). However, the disappear-
ance of the brown color in the digest and
the appearance of pure green could not
be taken as evidence of the absence of
hydrogen peroxide. The hydrogen per-
oxide had to be added to the warmed
sample containing the vanadium cata-
lyst, as a precipitate formed if the per-
oxide was added cold.

The speed of digestion can be varied
by the amount of iron in the catalyst
mixture. The catalyst described will
give a complete digestion of a 100-ml.

- sample in about 2 hours. Large amounts

of iron in the catalyst appeared to de-
compose the hydrogen peroxide with-
out simultaneous digestion of the
sample. In testing for the absence of
peroxide, the peroxide test reagent was
better than starch-iodide paper.

The chloroform used was U.S.P.
grade which had been shaken with lime
and redistilled. If chloroform used for
a mercury analysis is to be reused, it
must be recovered hy a special pro-

Table ll. Recovery of Mercury Added
to Urine

Av. Hg Max.

Hg Recov-  Devia-

Hg Added  Added, ered, tion,

as Y Y 4

C:H:HgCl 4.24 4.21 +0.32
3.03 2.80 +0.43

CHHgOAc 4.77 452 +£0.77
3.34 3.23 +0.36

1.91 2.08 +=0.54

HyClL 0 0.28 =+0.60
1 1.35 +=0.80

2 1.91 =0.20
3 3.04 +0.38
5 4.95 +0.30
cedurc. The method of Sandell (4)

gave a redistilled produet contaminated
with small but variable amocunts of
ionic mercury. Used chloroform is
recovered in this laboratory by shaking
the waste chloroform containing dithi-
zone and mercury compounds with
approximately 2% of its volume of con-
centrated sulfuric acid until the acid
layer is light brown. Three or four
extractions are usually needed. Then
the chloroform is washed with water
once, followed by extraction with 2 to
3% of its volume of 30% technical
sodiumn chloride solution. The result-
ing chloroform is shaken with lime (10
to 20 grams), allowed to stand 2 to 24
hours, then filtered and redistilled from
glass.

The procedure of Polley and Miller
for mercury was modified slightly.
Use of ammonia in the neutralization
step made unpecessary the tedious
purification of sodium acetatc reagent.
Ammonia causes a greater temperature
rise in the solution during neutraliza-
tion, but with the larger volume this
presented no problem. The use of
permanganate to destroy the last traces
of peroxide was both unnecessary and
detrimental in this digest. Fven when
the excess was destroyved by hydroxyla-
mine hydrochloride, high results ensued.
This appeared to be due to extraction
by the chloroform of some material that
slowly oxidized the dithizone to a yellow
product. The dithizone fades when the
hydrogen peroxide is incompletely re-
duced in the digestion. Ascorbic acid,
hydrazine or hydroxylamine ~sulfate,
ethylenediamine, sulfur dioxide, arsenic
trioxide, 2,2’-thiodiethanol, ammonium
sulfamate, sodium nitrite, or hydrogen
bromide, either singly or combined with



the iron-chelating materials sodium
pyrophosphate, gluconic acid, or so-
dium fluoride, either interfered or failed
to prevent fading in the presence of
peroxide. .

One thousand micrograms of silver,
cobalt, nickel, copper, zine, cadminm,
lead, manganese, and bismuth wcre
added singly as soluble salts to urine.
Only with silver and bisinuth was there
any evidence of interference. This was
removed by filtration through a glass
fiber filter in a Gooch cruecible. Filtra-
tion through paper is not recommended.
No attempt was made to determine the
maximum amount of metal ion tolerated
in the procedure. (Ethylenedinitrilo)-

tetraacetic acid (ethylenediaminetetra-
acetic acid), in amounts up to 0.19 gram,
does not interfere when added to the
sample prior to digestion. However,
larger amounts, 0.38 to 0.75 gram, slow
the oxidation markedly, and the digest
may be lavender or yellowish. The
acidity becomes more critical, possibly
owing to chelation of the oxidation

catalyst. A total of 5 to 9 ml. of 12§
hydrochloric acid gave satisfactory
results.

The recovery of mercury added to
urine (Table IT) is satisfactory whether
the mercury is added as mercurie
chloride, ethyl mercuric chloride, or
phenyl mercuric acetate:

Preparation and Analysis of

Carbon-14-Labeled Cyanide

JOSEPH D. MOYER and HORACE S. ISBELL
Organic Chemistry Section, National Bureav of Standards, Washington 25, D. C.

- Detailed directions, bused on the
method of Sixma and associates, are
given for the preparation of sodium
cyanide-C'¢ from barium carbonate-
Cl in 90 to 95%, yield. Simple, reli-
able methods are presented for the
analysis of carbon-14-labeled alkali
cyanide and barium carbonate. The
labeled cyanide is’ analyzed for total
radioactivity, radicactivity in the form
of cyanide, and specific radioactivity.
The procedures are based on reaction
of the cyanide with a reducing sugar,
and measurement of fixed carbon-14
in either formamide or alkaline eth-
ylene glycol solution by means of a
proportional counter. Carbon diox-
ide, formed by acid treatment of
barium carbonate-C!‘or by wet oxida-
tion of carbon-14—labeled cyanide, is
absorbed in alkaline ethylene glycol;
the glycol solution is then counted
directly in a proportional counter.
The absorption and counting of carbon
dioxide in alkaline ethylene glycol can
be applied to the analysis of carbon-
14—labeled materials in  general.
When carbonate is decomposed by
acid, the last traces of labeled carbon
dioxide are swept from the apparatus
by the addition and slow decomposi-
tion of ethylene -carbonate.

‘ ‘ 7 1rd the rapidly increasing applica-
tion of compounds labeled with
carbon-14 to chemical and biological

problems, the need for simple, reliable
methods for the preparation and radio-
assay of commonly used carbon-14
labeled rcagents becomes urgent.

Of the methods reported for the
preparation of carbon-14-labeled alkali
cyanide, that of Sixma and associates
(10) appears most simple and efficient.
It gives potassium cyanide-C* in
good yicld by the ignition of barium
carbonate-C!* with ammonium chloride
and' metallic potassiumn at 640° C.
As cxperimental difficulties have arisen
in some laboratories, detailed directions,
based on the Sixma method, are given
here for the preparation of carbon-14-
labeled alkali cyanide.

The radioassay of carbon-14-labeled
compounds can be performed routinely
by a simple procedure of counting in
solution with a windowless, gas-flow, pro-
portional counter (8, 9). The method
is suceessful for meaguring carbon-14
in nonvolatile compounds that are sol-
uble in a suitable counting solvent. A
material that does not meet these
requirements must be converted chemi-
cally to a nonvolatile, soluble form before
this convenient volumetric technique
can be applied. This paper describes
simple methods for the radioassay of
carbon-14-labeled alkali cyanide, bar-
ium carbonate, and certain other mate-
rials.

In addition to excess alkali, carbon-
14-labeled cyanide usually contains both
acid-volatile and nonvolatile radioactive
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contaminants. Hence, the radioassay
of carbon-14-labeled cyanide requires
determination of total radioactivity,
radioactivity -in the form of cyanide,
and specific radioactivity of the cya-
nide. Incidental to these determina-
tions is the measurcment of the acid-
volatile and nonvolatile contaminants.

Two methods were developed for the
measurement of total radioactivity.

In the first method, the cyanide in a
suitable aliquot is fixed by the addition
of an excess of glucose in highly alkaline
solution. The solution is then diluted
with alkaline ethylene glycol and
counted with a windowless, gas-flow,
proportional counter adapted for the
assay of liquids (9). In the second
method, the cyanide is oxidized by
alkaline potassium permanganate and
the resulting carbonate is converted to
carbon dioxide (7, 11). The reaction is
conducted in this laboratory in a spe-
cially designed apparatus in which the
carbon dioxide is absorbed in alkaline
ethylene glycol. The glycol solution is
then counted by the procedure already
deseribed.

The radicactivity in the form of
cyanide is measured by fixing the
cyanide in 2 small aliquot of solution
with an excess of glucose, then removing
volatile contaminants, counting the
reaction mixture in formamide solution,
and correcting for nonvolatile radio-
active contaminants. To obtain com-
plete reaction between the carbon-14-
labeled cyanide and the sugar, it is
necessary to maintain rcasonably high
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concentrations of both sugar and cya-
nide. Hence the concentration of cya-
nide in highly dilute solutions must be
increased by the addition of the non-
radioactive form.

The specific radioactivity .of the
cyanide is determined by the reaction of
an excess of the reagent with a small
known quantity of p-glucose. Degra-
dation of the glucose is prevented by use
of a suitable buffer, and the conditions
are such that the sugar combines quan-
titatively. After volatilization of the
excess oyanide and acid-volatile impuri-
ties, the residue is counted in formamide;
a correction is made for nonvolatile
impurities. The net count per milli-
mole of the sugar is proportional to the
specific radioactivity of the cyanide.

The absorption and counting of

carbon dioxide in alkaline ethylene gly-~

col can be applied to the analysis of
carbon-14-labeled materials in general.
Details are given for the analysis of
labeled barium carbonate.

EXPERIMENTAL PROCEDURES

Preparation of Sodium Cyanide-Cit
from Barium Carbonate-C:¢ (10). A
Vycor glass tube (Corning Glass
Works, Corning, N. Y.), 13 mm. (out-
side diameter) X 300 mm., is sealed
at one end and charged with 100 mg.
each of barium carbonate-C'* and finely
powdered ammonium chloride; the ma-
terials are then pulverized together by
means of a long glass rod. The amount
of ammonjum chloride is twice that
preseribed by Sixma and associates (10).
The tube is doubly constricted at about
200 mm, from the closed end and con-
nected by rubber to a glass T-tube as
shown in Figure 1. A gentle stream of
nitrogen is introduced into the tube
through arm A by means of a capillary
fube. The nitrogen supply is then con-
nected to arm B of the T-tube, the
capillary tube is removed, and about 1
gram of metallic potassium is added
through arm A in the following manner:

Potassium, from a supply stored un-
der mineral oil, is transferred to a test
tube, 32 >} 300 mm., and washed three
times with heptane. It is then melted
under a layer of heptane in an electri-
cally heated oil bath, kept at about 100°
C. A capillary plpet is made from 8-
mm. glass tubing, and is of suitable
length to pass through the T-tube of
Figure 1 and into the ignition tube be-
jow the constrictions. About 1.2 ml. of
clean, molten potassium is drawn into
the pipet by means of a 2-ml. rubber
bulb. After the pofassium has solidi-
fied, the pipet is inserted into the appa-
ratus of Figure 1, with the tip extending
below the constrictions in the tube.
With nitrogen flowing through arm B,
the upper part of the ignition tube is
heated with a small flame until the
potassium melts and flows from the
pipet. Then the pipet is withdrawn,
the flow of nitrogen is stopped, arm 4 is
closed, and the tube is evacuated
through arm B. Occluded heptane and
volatile matter are removed by gently
heating the ignition tube with a small
flame, After the potassium has melted,
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and the evolution of gas subsided, the
tube (still under vacuum) is sealed at
the upper constriction; it is gently re-
heated to melt the potassium, and the
contents are mixed in the lower part of
the tube by careful shaking. The tube
is then placed horizontally in a stainless
steel shield, heated for 1 hour at 640° C.
in an electric oven, and allowed to cool
to room temperature in the oven. Fi-
nally, the tube is cautiously opened at
the constriction.

Considerable pressure develops in
the tube; hence, it should be opened
behind a sereen to protect the operator
in case it shatters. Excessive pressure
can be avoided by use of smaller samples
or larger tubes, but the size of tube and
sample desecribed here have been satis-
factory for the preparations done in this
laboratory.

A
g——!

1\
]

|

i

Figure 1. Apparatus for
potassium to ignition tube

adding

The tube is immediately placed in the
apparatus of Figure 2; a slow stream of
nitrogen is passed through tube 4. The

_excess potassium is decomposed by

cautious addition, first, of ethyl alcohol,
and then, of water through tube B.
The reaction takes place smoothly, and
there is no difficulty, provided a positive
pressure of nitrogen is maintained.
‘When the evolution of hydrogen is com-
plete, the reaction mixture is trans-
ferred with a capillary pipet to a 250-ml.
round-bottomed flask; the total volume,
including washings, is about 100 ml.

Most of the ethyl alcohol is removed
by vacuum distillation, and the flask
containing the aqueous solution is then
conneeted to the all-glass distillation
apparatus of Figure 3. The previously
weighed receiver, B, containing 5 ml. of
02N carbonate-free sodium hydroxide is
immersed in an ice bath. The cyanide
solution is acidified by adding about 10
ml. of 6/ sulfuric acid through the
dropping funnel and is then boiled until
about 25 ml. of distillate has been col-
lected. Samples of the distillate are
taken for radioassay by the procedures
given in this article. The tube contain-
ing the distillate is sealed at the con-
striction, and the sealed ampoule and
excess glass are weighed together. The
gain over the previous weight, plus the
weight of the samples taken for assay,
gives the total weight of the cyanide
solution. The solution can be stored
for several months at low temperatures

B [

|

S—
B

Figure 2. Apparatus for decomposing
excess potassium

A. Nitrogen inlet, 8-mm. tubing

B. Tube for solvent additien, 8-mm. tubing

C. Bunsen flutter valve {rubber bulb with small
stit)

D. 38 X 300 mm, test tube

without appreciable hydrolysis, but for
longer periods of storage the product
should be lyophilized. If the material
is to be lyophilized, 5 ml. of 0.3N sodium
hydroxide (instead of 0.28) should be
used in receiver B. A trap immersed in
liquid nitrogen should be employed, and
the condensate checked for radio-
activity by means of the procedure
described below. It is then either dis-
carded or retained for recovery of la-
beled material.  Considerable radio-
activity may be found in the condensate
if insufficient alkali has been used.



Preparations in this laboratory have
given radiochemical yields of carbon-
14-labeled cyanide of 90 to 95%. The
products have been used in various
procedures for the synthesis of carbon-
14-labeled carbohydrates (4, 5, 7) and
for the study of carbohydrate struc-
ture (3, 6).

Measurement of Total Radio=
activity by Direct Count. An aliquot
of 10 to 100 ul. of a solution of carbon-
14-labeled cyanide is diluted to 1 ml.
with 0.1M nonradioactive sodium cya-
nide by means of a dilution pipet. The

nonradioactive cyanide is used to in--

crease the concentration to about 0.1M
because the reaction does not go to
completion at extremely low cyanide
concentrations. If necessary, a second

dilution with nonradicactive 0.1M so- .

dium c¢yanide is made to reduce the
radioactivity to 5 to 100 uc. per ml, A
100-zl. sample of the cyanide solution
is transferred with a delivery pipet to a
weighed, 5-ml. volumetric flask con-
taining approximately 200 pl. of 6N
aqueous potassium hydroxide and 50
mg. of D-glucose; the flask is stoppered
and stored for 16 to 24 hours at room
temperature. The solution is then
diluted to 5 ml. with a 3N ethylene
glyeol solution of potassium hydroxide.
(There is some darkening of the solu-
tion, but this does not interfere with the
determination.) The flask is weighed
and the density of the solution is deter-
mined. Then 1 ml. of the thoroughly
mixed solution is transferred to the cell
of a proportional counter adapted for
the assay of solutions (9), and counted
to a probable statistical error of not
more than 1% (10,000 counts). For all
carbon-14-labeled materials, the prod-
uct of counts per second (corrected for
background), density, and calibration
factor gives the microcuries of carbon-14
per milliliter. (The calibration factor
for the instrument and the cell is ob-
tained from the count of a solution of
known density and known carbon-14
content.) The total radioactivity of
the original cyanide solution is the
product of the radioactivity per milli-
liter and the proper dilution factor.
Measurement of Total Radioactiv-
ity by Ozxidation of Sample with
Alkaline Potassium Permanganate.
The apparatus for this determination
(Figure 4) includes a 100-ml. reaction
flask, A, connected by stopcock C to a
vacuum pump and to receiving flask B;
funnel D is used for introducing rea-
gents. B is a weighed, 10-ml. round-
bottomed volumetric flask containing
about 3 ml of 3N potassium hydroxide
in ethylene glycol. At the beginning of
the determination 2 ml. of 6§ aqueous
potassium hydroxide is pipetted into A,
together with the cyanide solution to be
analyzed (preferably having an activity
of from 1 to 20 pe.) and 0.5 ml. of 0.2M
nonradioactive sodium cyanide. The
mixture is frozen in liquid nitrogen, and
150 mg. of erystalline potassium per-
manganate is added. The flask is con-
nected to the transfer apparatus of Fig-
ure 4 and evacuated while still immersed

in the liquid nitrogen. The reaction

"tion of carbon dioxide.

side of the system is closed off with the
central stopeock, and the flask is allowed
to come to room temperature, with
swirling to prevent bumping.

After 15 minutes at room tempera-
ture the flask is heated intermittently,
with swirling, until the neck becomes
warm with condensate. After a reac-
tion period of about 30 minutes, receiver
B is evacuated. Then the contents of
flask A are frozen, stopcock € is turned
to connect A and B, and about 5 ml. of
509, sulfuric acid is added to A through
funnel D without the introduction of air.
The mixture in 4 is allowed to thaw,
with swirling to prevent bumping.
When evolution of gas has ceased, the
mixture in A4 is boiled gently for a few
minutes. After about 15 minutes, a
saturated solution of oxalic acid in 509,
sulfuric acid is added gradually in small
portions from funnel D until the solution
in 4 becomes colorless. This provides a
flush of nonradioactive carbon dioxide.
This operation should require about 10
minutes and should be performed with
gentle shaking of the flask. 4 is
heated again, and B is finally frozen in
liquid nitrogen. After about 10 min-
utes, to allow for complete transfer of
carbon dioxide, the receiver is closed off,

. allowed to warm to room temperature,

and shaken gently to facilitate absorp-
The receiver is
removed from the apparatus, and

‘ethylene glycol is added to the volume

mark. Then the flask and contents are
weighed and the density of the solution
is caleulated. The solution is counted
and the radioactivity is ‘calculated as
described previously.

| Measurement of Carbon-14 Present
as Cyanide. A 100-ul. sample of a
solution of carbon-14-labeled cyanide
(previously made approximately 0.1M
with respect to cyanide) is transferred
quantitatively to a constricted test tube,
13 X 100 mm., containing about 10 mg.
of p-glucose. The tube is immediately
sealed in a flame. After 24 hours or
more at room temperature, the tip of
the tube is opened. A few drops of 107,
formic acid are introduced with & capil-
lary pipet, and the solution is evapo-
rated to dryness under a jet of air while
the tube is kept in a bath at 60 to 70°
C. The evaporation process is repeated
three times, with the addition of about
0.2 ml, of water each time, Finally, the
residue is dissolved in 1 ml. of form-
amide, and the solution is counted in
the usual manner.

The count represents carbon-14—
Jabeled cyanide and any contaminants
not volatilized with aqueous formic
acid. In order to determine mnonvola-
tile contamination, an aliquot of the
cyanide solution is carried through the
process described immediately above,
but the addition of glucose is omitted.
The radioactivity, which is due to non-
volatile contaminants, is deducted from
that obtained in the preceding step,
to give the amount of carbon-14 present
as cyanide.

The difference between the total
radioactivity and that of the cyanide

Figure 3. Distillation apparatus
A.  250-ml. 24/40 § flask containing cyanide
solution
B. Constricted tfest tube containing sodium
hydroxide
€. lee bath

before correction for nonvolatile con-
taminants is the amount of acid-volatile
contamination,

. Measurement of Specific Radio-
activity of Carbon-14-Labeled Cya-
nide. Thespecific radioactivity of the
cyanide is determined by measuring
the amount of carbon-14~labeled cya-
nide fixed by a known amount of p-
glucose. The conditions must be ad-
justed according to the concentration of
the cyanide. At least 4 moles of eya-
nide must be used per mole of glucose.
Preparations of cyanide-C'* ordinarily

19/38

S

Figure 4. Apparatus for oxidation of
carbon-14-labeled cyanide, and for
transfer and absorption of C!4O,

.

TO VACUUM

»

A, 100-ml, flask

B. Round-bottomed 10-ml. volumetric flask
C. Three-way stopcock

D.  Addition funnel
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contain an approxirately known excess
of alkall hydrexide. To protect the
glucose from alkaline degradation, the
reaction mixture is buffered with am-
monium chloride; an excess of 309 over
all of the alkali metal ions present is
recommended. The cyanide solution
to be analyzed should be adjusted,
preferably to contain 0.003 to 0.010
mmole in a volume of 50 pl.

Table I. Radioassay of Carbon-14-
Labeled Sodium Cyanide
Non-
vola- Vola-
Sam- Total, Cyanide, tile, tile,
ple  Me. Mc. . Me.  Me.
L 4.34 %.02 0.08 0.24
1.29 3.96 0.08 025
4.32 3.98 0.08 0.26
2 293 253 0.00 040
2.94 2.58 0.00 0.36
2.94 2.54 0.00 0.40
3 42.4 41.4 000 1.0
41.9 40.9 0.00 1.0
42.4 41.4 0.00 1.0
4 4.63 4.50 0.00 0.13
4.52 0.00 0.11
5 4.45 438 0.00 0.07
4.40 0.00 0©.05

A 2041 aliguot of 0.053 glucose solu-
tion (0.18 mg. of glucose), containing
the requisite amount of ammonium
chloride (see above) for the analysis, is
pipetted into 2 constricted test tube,
13 X 100 mm.; this is followed by 50
pl. of the cyanide solution. The tube is
sezled in a flarne and stored at 55° C.
After one day (or a longer pericd for
more dilute cyanide) the tube is opened
and the excess cyanide is removed by
repeated evaporation in the presence of
formic acid and water. The residue is
counted in 1 ml. of formamide. The
count is corrected for nonvolatile con-
taminants by means of a blank deter-
mination on a second aliquot of the
cyanide solution, treated similarly, but
without the addition of glucose.

cps. X density X calibration factor

added to flask A through funnel D,
The liquid nitrogen bath is removed and
flask A iz warmed to room temperature,
and then heated to boiling, with gentle
swirling. After 5 to 10 minutes, heat-
ing is discontinued and a freshly pre-
pared solution of about 0.1 gram of
ethylene carbonate in 1 ml. of concen-
trated sulfuric acid is carefully intro-
duced into flask 4 through funnel D.
The mixture is heated for 10 minutes to
provide a nonradioactive carbon dioxide
flush by partial hydrolysis of the eth-
ylene carbonate. Finally, receiver B is
cooled in liguid nitrogen for 10 minutes,
after which stopeock C is turned to close
off flask B. The flusk is allowed to
come to room tempcerature and the solu-
tion is diluted to the volume mark with
cthylene glycol. The flask and contents
are weighed, and the density of the
solution is caleculated. The solution is
counted in the usual manner, and the
radioactivity is calculated from the
relationship: Cps. X density X con-
version factor = we. of C* in sample.

DISCUSSION OF RESULTS

The methods presented here havegiven
consistently satisfactory results for the
analysis of numerous samples of car-
bon-14-labeled cyanide. The values
for total radioactivity of cyanide solu-
tions obtained by direct count are
glightly higher than those obtained
after oxidation of the material with
alkaline permanganate. In a typical
case, duplicate determinations by direct
count showed 2.15 and 2.14 me. in
comparison with 2.09 and 2.10 me. by
the permanganate method. The direct
count method is simpler than the
permanganate method and is considered
preferable.

Table T gives some results obtained
for three samples of commercial car-
bon-14-labeled cyanide and two sam-
ples {Nos. 4 and 5) prepared in this
laboratory. For some samples of com-
mercial sodium cyanide-C'* the vol-
atile contaminant (presumably carbon
dioxide arising from sodium carbonate-

Specific radioactivity =

Determination of Carbon-14 in
Barium Carbonate-Ci1t, For this de-
termination, the apparatus of Figure 4
is emploved. A welghed sample of
less than 30 mg. of barium carbonate-C14
(or an alignot of a carbonate solution)
with an activity of 1 to 20 we, and 1 ml.,
of water are placed in flask 4; 3 ml. of
3N potassium hydroxide in ethylene
glycol is placed in flask B. The con-
tents of 4 are frozen in liquid nitrogen,
and the system is evacuated, with
swirling to prevent bumping of the
ethylene glycol solution. Stopcock €
is turned go as to cut off the vacuum
pump and to connect 4 and B. About

-

5 ml. of concentrated sulfuric acid is
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mmoles glucose

= uc/mmole cyanide

C1) was as high as 209,. Nonvolatile
contamination is usually low, but prep-
arations should nevertheless be checked
for its presence beforc use.

Table II gives duplicate determina-
tions of specific radioactivity after
various reaction times. The results
show that under the prescribed condi-
tions, the reproducibility is satisfactory
for reaction times of 22 to 45 hours.
The procedurc is described for use with
solutions having approximately the
concentrations given. With more di-
lute solutions, the proportion of cyanide
and the reaction time must be increased.

Table Il. Determination of Specific
Radioactivity of Sodium Cyanide-Ci4

Reaction Time, Speccific Activity,

Detn. Hours uc./Mmole
1 22 270
2 22 269
3 33 269
4 33 269
5 45 270
6 45 270

Quantities of reactants. D-glucose,
0.00100 mmole; cyanide, 0.0055 mmole,
Total volume 70 ul.

Check determinations of a sample
of barium earbonate-C'* having a radio-
activity of 0.670 wc per mg. [as deter~
mined by a precision method (2)],
gave 0.669 and 0.666 uc. per mg. In
all cases, the reproducibility of the
results was satisfactory. The methods
require relatively large samples but are
well suited for the assay of reagents used
for synthetic work.
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3-Hydroxy-1-p-sulfonatophenyl-3-phenyltriazine as

a Colorimetric Reagent for Palladium

N. C. SOGANI and S. C. BHATTACHARYYA

National Chemical Laboratory of India, Poona, India

P 3-Hydroxy-1 - p-sulfonatophenyl -3 -
phenylfriazine is an excellent reagent
for the colorimetric estimation of
palladium; either as such or in the
presence of nickel(ll), copper(ll), iron-
(N, cobalt(ll), silver, and especially
members of the platinum group—
platinum(lV), rhodium(lV)}, iridium{lll),
and  ruthenium(lll).  Apart from its
other highly desirable qualities, such as
solubility of the reagent and the com-
plex in ‘water, almost instantaneous
development of color and stability for
24 hours in a wide range of tem-
perature, wide range of permissible
pH (1.7 to 4.4), and easy adjustment
using mineral acid alone, the reagent
has great tolerance for the members
of the platinum group and is superior to
other palladium reagents used so far
for this purpose.

BE Ust of 3-hydroxy-1,3-diphenyl-

triazine as a gravimetric reagent
for palladium has been described (7).
Its high selectivity toward palladium
and its fairly high sensitivity suggested
that the sulfonic acid derivative of
such a compound, either as such or
in the form of its sodium salt (both
soluble in water) should prove useful
as a colorimetric reagent for palladium.
3 - Hydroxy - 1 - p - sulfonatophenyl-
3-phenyltriazine (I)

e
N = N—@—SOSH

has proved to be an excellent reagent
for the colorimetric estimation of pal-
ladium as such or in the presence of
other elements, especially the members

‘of the platinum group. The soluble

palladium complex formed by it may
be best represented by the chelate

‘structure (II).

N N

Ne= N

"%
SOgH

(I)

In many respeects, it is superior to
other known palladium reagents for
the colorimetric estimation of palladium.
" 3 - Hydroxy - 1 - p - sulfonatophenyl-
3 - phenyltriazine posesses many of the
properties of an ideal colorimetric re-
agent.

It is stable toward heat, light, and air,
and can be preserved indefinitely at room
temperature.

It is soluble in water, and the aqueous
solution remains practically unaltered up
to 48 hours.

0.8
E
2o
.
]
S0
-

0.2

1 1 1 ] 1 1
250 300 350 400 450 500 550
Wave Length, mu
Figure 1. Spectral characteristics of reagent

9.3 p.p.m. of sulfonic reagent in water

The palladium complex is soluble in
water.

Color development with palladium is
almost instantaneous. ¥ull development
takes placc in less than 5 minutes and the
intensity remains unaltered, even after 24
hours.

Color development is not sensitive to
pH variation, but remains steady between
pH 1.7 and 4.4. pH can be adjusted with
mineral acid alone. Color intensity is
also unaffected by variation in tempera-
ture from 25° to 85° C. Full development,
of color takes place without any undue
excess of reagent.

Color development follows Beer’s law.

The reagent and its complex have
reasonably  well separated absorption
peaks, so that excess reagent does not
interfere in the photometric estimation.

Color development is very highly selec-
tive. There is no interference from most
foreign lons, including other members of
the platinum group.

EXPERIMENTAL

Preparation of Reagent. Because
of the soluble nature of the reagent,
the following procedure should be
strictly followed, to avoid possible
loss.

Sulfanilic acid (8.6 grams) was dis-
solved in 40 ml. of 5%, sodium hydroxide
solution and 3.5 grams of sodium nitrite
was added. To this solution crushed
ice was added and the reaction mixture
was slowly poured into 20 ml. of concen-
trated hydrochloric acid, also containing
crushed ice, with mechanical stirring.
The diazonium salt thus obtained was
then slowly added under mechanical
stirring to 5.4 grams of phenylhydroxyl-
amine dissolved in 125 ml. of 209, v./v.
alcohol and containing & sufficient
quantity of crushed ice. ~Small portions
of sodium acetate (50 grams in 100 ml.
of water) were added occasionally to the
reaction mixture to prevent it from be-
coming too acidic. The temperature
during the entire course of reaction was
kept at about 0° C. The precipitated
sulfonic acid derivative was filtered
under suction, washed twice with a
small amount of ice water, and crystal-
lized from a Jarge volume of alcohol. It
was obtained as 5 grams of light green
crystals, actually the sodium salt of the
sulfonic acid, which had no sharp melt-
ing point. It started decomposing at
157° C.

Analysis. Found: C, 43.8;, H, 4.0;
N, 12.42; 8, 10.48%. (Cunl\sO)&O
Na.H.0 requne= C, 43.3; I, 3.9; N,
12.32; 8, 9.9%
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Solubility, 2.9 grams per 100 ml. of
water at 23° C.

Spectral Characteristics. In aquecus
solution, Amax = 235, 345 my; log B =
4.1782, 4.4405 (Figure 1).

Reagent solution, 0.19; w./v. solution
in distilled water.

Standard Palladium  Solutions.
Approximately 0.5 gram of palladium
chloride was dissolved in a little water
containing 3 ml. of concentrated hydro-
chloric acid and the volume was made to
500 ml. The palladium content was
determined by using dimethylglyoxime
and 3-hydroxy-1,3-diphenyltriagine {de-
veloped by the authors) and was found
10 be 0.6216 gram of palladium per Liter.
‘When 159.9 ml. of this solution was made
ta 1 liter, it contained 100 v of palla-
dium per ml. This stock solution was
further diluted 10 times, so that 1 ml. of
the diluted solution contained 10 v of
palladium,

Solution of Diverse Ions. The
reagent grade soluble salts, usually
chloride, nitrate, or sulfate, were
employed for the preparation of the
solutions of inorganic ions. The solu-
tions were diluted in such a way that
they contained 1 mg. of the metallic
element per mi.

Instruments. A Beckman pH
meter, Model H-2, was used for pH
measurements. Absorbance measure-
ments were made with a Beckman
quartz spectrophotometer, Model DU,
using 1.00-cm. quartz cells for the ultra-
violet region and Corex cells for the
visible region. Visual color compari-
sons were made in 50-ml. Nessler tubes
of the standard type.

Absorption Curves for Palladium
Complex and Reagent. Twenty milli-
liters of palladium solution containing
10 p.p.m. of palladium was pipetted into
2 100-ml. measuring flask, and 0.1 ml. of
1N hydrochloric acid was added, so that
the pH after dilution was about 3.0.
Then 5 ml. of 0.1% w./v. aqueous
reagent solution was added and after a
little shaking the volume was made to
100 ml. The resulting solution con-
tained 2 p.p.m. of palladium.

A Dblank solution was prepared by
pipetting 5 ml. of the reagent solution
into a 100-ml. flask and making the
volume up to the mark., There was no
difference in the blank solution prepared
as given abeve and that prepared by
adding 0.1 ml. of hydrochloric acid to
bring the pH to about 3.0. Hence
addition of the acid in the blank solution
was not considered imperative.

Figure 2 gives the absorbance curves
of the palladium complex with a “rea-
gent-blank solution” and reagent solu-
tion with water as blank. The absorb-
ance of the reagent solution falls sharply
after 390 mp and is almost negligible
at 430 my. The absorption peak of
the palladium complex, in this region,
is at 413 mpy, which is also rrue for
the palladium complex of the parent
reagent, 3-hydroxy-1,3-diphenyltriazine
(7). However, as there is no substan-
tial fall in absorbance up to 420 mg,
where the interference by the reagent
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is also decreased, 420 my was considered
a suitable wave length for the palladium
estimations; 430 myu can also be used
with advantage, as at this wave length
interference by the reagent is almost
negligible and so water can be used
as a blank.

Effect of pH. Solutions used for
studying the effect of pH on color
reaction were prepared as directed
above, except that different amounts
of 1N hydrochloric acid, 1N sulfuric
acid, or 1N nitric acid, and 10% w./v.
sodium acetate or sodium potassium
tartrate were added, so that the final
pH values ranged from 1.2 to 6.5
When 1N hydrochloric or 1N sulfuric
acid was used for adjusting pH, the range
of constant maximum absorbance was
between 2.5 and 4.4. At pH below 2.5,

Table I. Tolerance of Diverse lons
Limiting
Ion Added as  Concn., P.P.M.
Ni(1I) Chloride 10
Cu(Il) Sulfate 3
Fe(il}  Sulfate 2
Fe(11l) Sulfate 20
Co(II)  Sulfate 2
Rh{(IV) Sulfate 10
Ir(11I}  Chloride 30
Pt(IV)  Chloride 40
Ru(III) Chloride 1
Ag(I)»  Nitrate 75

2 For testing tolerance of silver, a solu-
tion of palladium nitrate was used.

there was a slight turbidity, resulting
in lower absorbance. However, when
nitric acid was used, the pH range
increased and was hetween 1.7 and 4.4
(Figure 3). pH can be better adjusted
by using acid alone without sedium
acetate or sodium potassium tartrate,
as these buffering agents give turbidity
when used in higher concentrations.
Hence in the estimations, only 1N
nitric acid was used for the adjustment
of pH, which was kept between 2.5 and
3.0 to increase the specificity of the
reagent

Reagent Concentration and Mole
Ratio. A series of solutions was pre-
pared in which the mole ratio of
palladium to reagent was from 1:1 to
1:15. pH was adjusted to about 2.5
by using 0.2 ml. of 1N nitric acid. Ab-
sorbance was measured for each solution
after about 5 minutes at 430 my, using
water as blank. Figure 4 shows the
effect of moles of reagent per mole of
palladivm on absorbance. The fact
that there is no sharp peak indicates that
the complex is appreciably dissociated
in solution. Full color development is
ensured at 1 to 8 ratio of palladium to
reagent,. .

Rate of Reaction and Stability of
Complex. The color formation of
palladium complex with the reagent
was almost instantaneous and the
color was very stable. There was no
difference in the absorbance taken
after 5 minutes and after 24 hours.

Properties of 3-Hydroxy-1-p-sulfonatophenyl-3-phenyliriazine, p-

Nitrosodiphenylamine, p-Nitrosodiethyl, and Dimethylaniline

Table |l
p-Nitroso-
Properties diphenylamine
Solubility Insol. in water,
moderately sol.
in alechol
Time of maximum 30 min.
color intensity
Stability of color 1 to 2 hours
pH 2.0t02.1
Use of buffer Absolutely essen-
tial
Temp. effect Mustckeep within
5°C.
Conen. of sodium 0.03M
chloride permis-
sible
Tolerance of di-
verse ions, p.p.m.
Ni(ID) 20
Cu(1l) 50
Fe(1I)
Fe(III) 30
Co(II) 10
Rh(IV) 1
Ir(I11) 1
Pt(IV) 20
Ru(III) ...
Aggl) 200
Au(III) 1

p-Nitroso-

diethyl or
Methylaniline
Slightly sol. in
water, sol. in
alcohol

5 min,

4 hours

4.0t05.0

Absolutely  essen-
tial

Slight difference at
20° C. variation

0.05M

15
3
Da2ta not given
10
1
1
20
Data not given
200
0.5

3-Hydroxy-1-p-
sulfonatophenyl-
3-phenyltriazine

Sol. in water

5 min.

24 hours or more
1.7t04.4
Not necessary

No difference up to
60° C. variation

0.025M
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Figure 4. Effect of reagent concentration

Beer’s Law. Aliquot portions of
standard palladium solution were
pipetted into 100-ml. flasks, so that
the palladium concentration finally cor-
responds to 0.2 to 6 p.p.m., and 0.2
ml. of 1N nitrie acid and 10 ml. of the
reagent solution were added. The
volume was made up to the mark and
the absorbance was measured after
about 5 minutes both at 420 my using
reagent as blank and at 430 mpu using
water as blank. Beer’s law is obeyed
in both cases. A 420 my the concen-
tration range is from 0.2 to 5 p.p.m.
and at 430 my it is from 0.4 to 6 p.p.m.
of palladium. Larger amounts of pal-
ladium can be estimated at higher
wave lengths—i.e., 435 to 450 mu.

Effect of Temperature on Reaction.
Two 10-ml. samples of standard pal-
ladium solution containing 10 p.p.m.
of palladium were taken in two beakers.
To one, 0.2 ml. of 1N nitric acid and
to the other 0.1 ml. of 1N hydrochloric
acid was added, followed by 5 ml. of
the reagent solution in each case.
Then 50 ml. of water was added to each
beaker and the contents were kept for
heating on a water bath. TInitial tem-
perature was 25° C. The beakers
with the contents were heated to 85° C.
and maintained at the temperature for
about 10 minutes. After cooling, the
contents were separately trinsferred
into 100-ml. flasks and volume was
made up to the mark. The blank rea-
gent solution was treated simultaneously
in a similar way. Absorbance was meas-
ured at 420 myg. There was no dif-
ference in the absorbance at 25° and
85° C., and the use of hydrochloric acid
or nitric acid for the adjustment of
pH made no difference.

‘Tt can, therefore, be concluded that
there is no change -in color intensity
over a temperature range of 25° to
85° C.

Sensitivity of Reaction.  Fifty-
milliliter solutions containing 0.5 ml.
of the reagent solution, 0.1N hydro-
chloric -acid, and 0.02 to 0.10 p.p.m.
of palladium solution were prepared in
Nessler’s cylinders. The 0.05-p.p.m.
palladium solution was easily dis-
tinguishable from a blank. Thus the
sensitivity of the color reaction could
be taken to be 1 part of palladium in
20,000,000 parts of solution.

Spot plate sensitivity was determined
by taking 0.05 ml. of standard palladium
solution to a depression of & white
poreelain spot plate, and adding 0.05
ml. of 0.IN hydrochloric acid and
0.05 ml. of 0.05% reagent solution;
0.05 v of palladium in 0.15 m!. of solution
could be distinetly detected.

Effect of Adding Neutral Salts
(sodium echloride used). Ten milli-
liters of standard palladium solution
containing 10 p.p.m. was pipetted into
8 100-ml. flask and 1N hydrochloric or
1N nitric acid was added for pH ad-
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justment. Different quantitics of 5%
sodium chloride solution, followed by
5 ml. of reagent solution, were added.
The permissible concentration was found
to be 0.0253f. There was no appre-
ciable difference between hydrochlorie
and nitrie acid.

Tolerance of Diverse Ions. Ten
mililiters of standard palladium solu-
tion containing 10 p.p.m. of palladium
wag pipetted into a 100-ml. flask and
the diverse ion solution was added.
The pH was adjusted by adding 0.2
ml. of 1N nitric acid, 5 ml. of reagent
solution was added, and the volume
was made to 100 ml. The final solu-
tion contained 1 p.p.m. of palladium.
The absorbance was measured after
5 to 10 minutes at 420 my, using reagent
as blank, and also sometimes at 430
my using water as blank.

An jon was considered to interfere
if the resulting solution differed by
0.005 in absorbanee from that containing
only palladium without any diverse
ion. Table I sumraarizes the tolerance
of the diverse ions as parts per million
of ions. .

Iron({III) reacts with the reagent at
low pH; it shows a peak at about 400
mu and interferes with the palladium
estimation. Thisinterference, however,
was completely eliminated by masking
it with 1 ml. of 5% sodium fluoride.

The color of iridium chloride was
bleached by addition of the reagent,
but this created no interference.

Gold(TII) is reduced by the reagent
to the metallic statc and hence inter-
feres. Lead salts also created some in-

terference in the estimation of palla-
dium, which is difficult to explain.

In examining the tolerance of vari-
ous diverse ions, only those ions which
normally oceur with paliadium or are
usually present in the important alloys
of palladium have been employed.
Considering the specifieity of the re-
agent at low pH, it is certain that pal-
Iadium could be estimated in the pres-
ence of many other elements without
interference, but the actual experiments
were not carried out.

DISCUSSION

For a fuller understanding of the
qualitiess of 3-hydroxy-1-p-sulfonato-
phenyl-3-phenyltriazine as a colorimetric
reagent a comparison with other rea-
gents (1-6, 8, 9) is desirable. The ma-
jority of these do not possess many of
the desirable properties required by a
colorimetric reagent. In certain cases
the pH adjustment is very rigid and the
range allowed is almost unworkable;
in others, the colored complex has to
be extracted with solvent before taking
absorbance. Very often, the colored
complexes are stable over only a short
period and very susceptible to tem-
perature variation. Above all, in many
cases, nejther the reagents nor the
complexes formed by them are soluble
in water. Ior these rcasons, compari-
son is confined to p-nitrosodiphenyl-
amine and p-nitrosodialkylaniline, which
are currently favored for this purpose.
These reagents have been developed by

Yoe and Overholser (8, 9). The com-
parative data are given in Table II.

In many respects 3-hydroxy-1-p-
sulfonatophenyl-3-phenyltriazine is very
superior to other known reagents. The
exceptional stability of its palladium
complex is mainly due to the fact that
it is an innmer complex and not a co-
ordination complex, as are most of the
other reagents discussed.

Difficulties of partial salting out of
the complex in the presence of an excess
of neutral salts could possibly be coun-
teracted by introducing a second sulfonie
group in the reagent. Such a com-
pound, as well as its complexes will be
much more soluble in water and may
prove more useful as a colorimetric
reagent.
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Use of lon Exchange Resins for Determination

of Uranium in Ores and Solutions

SALLIE FISHER ond ROBERT KUNIN
Rohm & Haas Co., Philadelphia 37, Pc.

» The separation of vranium from the
ions interfering with its analysis is
accomplished by the adsorption of the
vranium(Vl) sulfate complex on a
quaternary ammenivm anion exchange
resin. Interference of such jons as
iron(lll) and vanadivm(V) is avoided by
their preferential reduction with sulfur-
ous acid so that they, as well as other
cations, are not retained by the resin.
Uranium is eluted for analysis by
dilute perchloric acid. The method is
applicable to both solutions and ores.
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HE USE of ion exchange resins of
the quaternary ammonium type to
separate uranium(VI) from the ions
that interfere in its determination was
first described at the International
Conference on the Peaceful Uses of
Atomic Energy (4). As a result of
recent declassification of some U. 8.
Atomic ILnergy Commission reports
(2, 3) it is now possible to disclose the
complete experimental procedure for
this separation.
In the interim since the Geneva Con-

ference a method has been published
for the determination of uranium in
solution, similarly based on the ad-
sorption of uranium on an ion exchange
resin (). The present procedure is
somewhat simpler in the reagents re-
quired and has been adapted to the
analysis of ores.

QORE SOLUTION

Two methods for the opening of ura-
nium-bearing ores were investigated in



conjunction with the ion exchange sep-
aration. The first is the standard di-
gestion with hydrofluoric and nitric
acids, with subsequent evaporation to
dryness followed by a sodium carbonate
fusion (5). The carbonate melt is dis-
solved in 5% sulfuric acid to form a
solution for the separation. A second
method for routine analysis, designed
to eliminate the need for hood facilities
and platinum vessels, involves an
oxidative leach with an acidic manga-
nese(IV) oxide system. This proce-
dure is given in detail below. Other
workers (7), using the authors’ separa-
tion procedure, have recommended
solution of the ore by treatment with
12M hydrochlorie acid plus 16M nitric
acid tollowed by fuming with sulfurie
acid to produce a suitable uranium
solution for the column influent.

Procedure. Weigh out samples of
ore estimated to contain an amount of
uraniura oxide less than 100 mg. but
sufficient to be detected by the chosen
method of analysis. Add 20 ml. of 209,
by volume sulfuric acid and 2 grams of
manganese(IV) oxide. Heat the mix-
ture to boiling. Allow to cool to room
temperature.  Dilute with approxi-
mately 50 ml. of water. Adjust to a pH
between 1.0 and 1.5 by the dropwise
addition of 209; sodium hydroxide.
Filter through fine-pore filter paper
using two 10-ml, portions of water to
wash the residue on the paper.

JON EXCHANGE SEPARATION

The separation of uranium from inter-
fering ions depends on the fact that the
sulfate complex of uranium(VI) is
quantitatively retained by quaternary
ammonium anion exchange resins while
all cationic constituents of the solution
pass through the column. Interference
of certain metals such as iron(IIT)
and vanadium(V), which are also
retained by the resin, is eliminated by
their preferential reduction with sul-
furous acid prior to the passage of the
solution through the ilon exchange
bed. The uranium is eluted from the
resin with dilute perchloric acid to form
a solution suitable for either colori-
metric or volumetric determination.

Apparatus. Tubes 0.5 inch in di-
ameter with high-porosity sintered
glass filter disks fused to the lower end
are used to contain the resin. The rate
of flow of solutions through the tube is
regulated by a screw clamp on rubber
tubing below the filter. Small separa-
tory funnels are attached to the top of
the column to feed the sample and
reagents.

DProcedure. Convert a portion of
quaternary ammonium  anion  ex-
change resin  (Amberlite XE-117,
Type 2) of mesh size 40 to 60 (U. S,
screens) to the sulfate form by treating a
column of it with 109 sulfuric acid,
using 3 volumes per volume of resin.
Rinse the acid-treated resin with deion-

ized water until the effluent is neutral to
methyl red. Drain the resin so pre-
pared free of excess water and store in a
bottle. A 5-ml. portion of this resin is
used for a single analysis. The resin is
loaded into the filter tube and the bed so
formed is backwashed with enough
water ‘to free it of air. After the resin
has settled the excess water is drained
off to within 1 cro. of the top of the bed
prior to the passage of the sample
through the bed.

Add 5 drops of 0.1%, methylene blue
to the partially neutralized (pH 1.0 to
1.5} solution from the dissolved sodium
carbonate melt or from the filtered
manganese(IV) oxide leach. Add 6%,
sulfurous acid dropwise until the meth-
vlene Blue is decolorized and then add a
5-rul. excess. Pass the reduced sample
through the resin bed at a rate not
exceeding 2 ml per minute. Wash the
sample container with two 10-ml. por-
tions of water, passing the washing
through the resin bed at the same flow
rate. 'Elute the uranium with 50 ml. of
1M perchloric acid. Determine the
uranium content of the perchloric acid
fraction colorimetrically by the standard
sodium hydroxide-hydrogen peroxide
method () or volumetrically (6). For
colorimetric analysis standard uranium
solutions containing perchloric acid
should be used in establishing the curve.

| INTERFERING IONS

Materials which would interfere in
the ion cxchange separation of uranium
are of two types:

Ions which will compete with the
uranium complex for resin sites and,
hence, which may cause loss of the
uranium into the sample effluent;

Anions which are retained by the
resin and may subsequently be eluted
by the perchloric acid to interfere in
the analysis.

Table |. Effect of Interfering Anions on
" Uranium Retention
M.

Added :  Molarity Uranium /ML
Anion  Added Ton Influent Effluent
[C . 0.5 10.7 2.3
Cl- 0.1 10.7 <0.002
HPO,~,  0.15 10.7 o
H.PO,~ 0.15 2.1 <0.002
NO,- 0.5 10.7 5.5
NO;~ | 0.1 10.7 1.1
NO;~ 0.01 10.0 <0.002
HSO,~ | 0.3 5.6 <0.002
HSO0,~ ¢ 0.15 5.6 <0.002

« Precipitation in influent.

Potentially all anions give interference
of the first type. However, when ura~
nium(VI) solutions of known concentra-
tions containing various concentrations
of the cqmmon anions were run through
the above procedure using 10-ml. resin
beds and 30-ml. sample volumes, only

the presence of chloride (>0.1M) and
nitrate (>>0.01M) caused leakage of
the uranium into the sample effluent
(Table I). Therefore, if the corre-
sponding acids are used in dissolving
the ore it is necessary to remove the
major portion of the chloride and ni-
trate by fuming with sulfuric acid prior
to the separation, -but it is not neces-
sary that precautions be taken to remove
the last traces of these ions.

Anions that compete with the ura-
nium complex for resin sites and, when
subsequently eluted, also interfere with
the uranium analysis are a morc serious
problem. Potentially the most likely
possibilities in this respect are iron{IIT)
and vanadium(V). Iren, when present
in the trivalent state, results in falla-
cious high uranium results. When re-
duced to the divalent ion by an excess
of sulfurous acid, however, it no longer
interferes with the uwranium analysis.
Vanadium(V) interferes primarily by
causing leakage of uranium into the
sample effluent, as its presence results
in little color cnhancement under the
alkaline conditions of the colorimetrie
analysis. Vanadium interference may
be largely eliminated by diluting the
influent. As this inereases the time of -
analysis, a more practical solution is
the use of an excess of sulfurous acid,
which is required when iron is present.
By reducing the vanadium to the
cationic form it is possible to separate
it completely from the uranium, so
that vanadium may be determined in
the sample effluent.

Possible interfercnce by copper, co-
balt, and molybdenum(VI) have also
been specifically checked by experiments
similar to those described above. Nei-
ther copper nor cobalt interfered in the
procedure. Molybdenum(VI), in the
absence of reducing agent or in the
presence of an excess of sulfurous acid,
did not interfere. When it was only
partially reduced, however, uranium
determinations werc low.

RESULTS

This method was developed for the
analysis of wanium in the leachates
and has been used routinely in this
laboratory for that purpose for over
3 years. As a result it was originally
checked with solutions of known com-
position. However, a limited number
of ores have also been analyzed to
check its applicability. Typical re-
sults are compared with the results
obtained at the Atomic Energy Com-
mission’s New Brunswick Laboratory in
Table II.  Agrcement of the results of
the ore opening with hydrofluoric-nitric
acid leach followed by sodium carbonate
fusion with those of the standard method
are naturally better than those of the
rapid oxidative leach, particularly where
the amount of uranium in the ore is
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Table ll.  Analyses of Ores by Different Methods
Mecthod A®
Mg. U0 Method B>, Method Ce,
Ore Type Sample wt. per sample % UsOs % Us0s % UyOy

Pitchblende 3.06 12 0.34 0.39 0.41
Carnotite 4.02 12 0.32 0.31 0.34
Fe,Al silicate 10.06 5.0 0.035 0.020 0.05
Carnotite 2.51 17.5 0.73 0.65 0.68
Pitchblende 2.00 87 3.35 3.31 3.36
Phosphate 4.85 1.5 0.067 0.025 0.029

7.97 4.0 0.052
Carnotite 11.06 21 0.20 0.19 0.18

6.37 12 0.18
Carnotite 10.23 11 0.14 0.11 0.11

17.66 19 0.11

e A manganese dioxide—sulfuric acid..

B hydrofluoric-nitric aeid, followed by sodium carbonate fusion;

separatlon

ion exchange

C, standard opening and separation of New Brunswick Laboratory.

» Estimate from New Brunswick analysis.

smell. This laboratory has not per-
formed sufficient ore analyses to cal-
culate the over-all accuracy of the
method starting with the ore. On
solutions an accuracy of =*=2%, of the
uranium content is expected in routine
analysis.

DISCUSSION

Although a definite procedure has
been specified, the method outlined may
be adapted to materials of a wide range
of uranium contents by varying the
sample size and the size of the resin
bed. Because the resin serves to con-

centrate as well as to separate the ura-
nium, materials of low uranium content
may be analyzed by increasing the
sample size or by decreasing the volume
of resin and of the perchlorie acid used
in the elution. Similarly, larger
amountg of uranium may be taken for
analysis if the volume of resin and of
eluting agent are increased, keeping
them in the same ratio as those recom-
mended in the above procedure. The
ion exchange separation has been used
for routine control, not only in this lab-
oratory but also in the uranium puri-
fication plants in South Africa since

1954. Workers at the University of
Nevada have also recently reported
(7) its use in the assay of over 3000
ore samples. An experienced analyst
is able to perform 20 separations per
day, starting with the solution of the
ore.
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Use of Thymol-Sulfuric Acid Reaction for Determination

of Carbohydrates in Biological Material

M. R. SHETLAR and YANNA F. MASTERS

Research Laboratory, Veterans Administration Hospital, and Department of Biochemistry, University
of Oklahoma School of Medicine, Oklahoma City, Okla.

P Different absorption curves were
given by nearly all sugars when they
were made to react with thymol in the
presence of strong sulfuric acid. Gly-
cosidic linkages did not affect the
reaction either qualitatively or quan-
titatively. The presence of protein
had a slight effect on absorption
curves, but this appeared to be due to
the reaction of sulfuric acid with pro-
tein and did not involve thymol. The
reaction, when used to estimate the
carbohydrate bound to protein in the
sera of a number of patients, cor-
relates closely with an accepted
method.
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HE REACTION of thymol with car-

bohydrates in the presence of
strong sulfuric acid, as described by
Udransky (4), has been modified for
use as a method for the estimation of
blood sugar by Alonzo and Bruna (1)
and by Schmor (2). As more specifie
methods are needed for the determina-
tion of carbohydrate in the presence
of protein and other biological material
the following work was undertaken to
investigate this reaction.

REAGENTS AND APFARATUS

Thymol reagent, USP, 109, in abso-
lute ethyl alcohol.

Sulfuric acid solution, 77%, by vol-
ume. Add 770 ml. of concentrated sul-
furic acid (Du Pont reagent grade, spe-
cific gravity, 1.84 at 15° C.), ta 230 ml,
of distilled water.

An American Optical Model 1A rapid
scanning spectrophotometer and Beck-
man DU spectrophotometer were used
for the work involving absorption
curves. A Coleman Model 14 spectro-
photometer was used for quantitative
colorimetric work.

PROCEDURE

To 1 ce. of Sugar solution in a 15-ml.
glass-stoppered test tube, 7 ce. of 77%
sulfuric acid was added at room tern-
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Glucose curves indicated by arrows
A.  Galactose and glucose
B.  Glucose and fructose

perature.  The tube was left at room
temperature for 10 minutes without
wixing, and was then placed in an ice
bath for 15 minutes.  I'rom pipets 0.1
nil. of the thymol solution and 0.9 ml.
of water were added;  the contents of
toe tubes were mixed by inversion and
the tubes placed inca boiling water bath
for 20 menutes.  The tubes were re-
moved from the water hath and immedi-
ately placed in un jce bath, where they
were left for 5 minutes. They were then
kept for 25 minutes at room temperature
before readings were taken in the spee-
trophotometer.

Serum protein samples were prepared
by diluting human serum with five times
the volume of 0.99% saline.  Aliquots of
0.2 ml were pipetted dropwise into
glass-stoppered 1h-inl. test tubes con-
taining 10 ml of absolute ethyl aleohol.
The stoppers were ingerted and the con-
tents of cach tube mixed by inversion
of the tube. The stoppers and sides of
the tubes were washed down with 5 1wl
of ethyl aleohol.  The precipitate was
centrifuged, washed by suspension in
10 ml. of absolute ethyl aleohol, and
centrifuged again.  The alcohol was
drained off and the precipitate  sus-

pended in 1 ml. of distilled water. The
mixture was subjected to the procedure
described above for sugar solutions.

DISCUSSION

Heating Time. Solutions of an
cquimolar mixture of galaccose und
mannose and suspensions of serum
samples prepared as desceribad above
were subjected to the color reaction
with thymol and sulfuric acid, in
which the reaction time wis varied
between 10 and 30 minutes. No quali-
tative differences in the curves were
noted at different times.

As might be predicted, the maximun
color development occurred more slowly
in the serum protein sampls than in
the sugar solutions; however, optimum
color developraent occurred in 20 min-
utes for hoth. The abscrptions of
the reaction complex from either pure
sugar solutions or from serum protein
were not decreased when heated for
25 minutes.

Effect of Sugar Concentration. The
reaction follows the Lambert-Beer law
reasonably well in the 10- to 100-y
range when the Beckman DU spectro-
photometer is used, but not when the
Coleman 14 is used (Figure 1). This
necessitates the preparation of a con-
centration curve when the Coleman 14
is used. In work involving the quan-
titative detection of unknowns such
a curve was used and two standards at
different concentrations were run with
cach get of unknowns,

Absorption Curves of Different Sug-
ars. Curves of several monosaccha-
rides are shown in Figure 2. These
curves, made with the AO secanning
spectrophotometer, are superimposed
photographically for eesier compari-
son. A didymium calibration curve
appears in both photog aphs.

The wave length of maximum absorb-
ance and relative absorption of a
number of sugars or sugar derivatives
are given in Table T.

Curves of aldohexoscs, ketohexoses,
pentoses and methyl pentoses all differ
from ecach other. Absorption curves
of the aldohexoses, gals.ctose, mannose,
and glueose differ slightly from each
other, as do those of the ketohexoses,
fructose, and sorbose and thosge of the
methyl pentoses, fucose, and rhamnose.
The curves of the pentoses, ribose, and
arabinose, however, are nearly identi-
cal qualitatively. These data indicate
that pentoses are degraded to a common
derivative in the reaction. IHowever,
the curves of the pentoses are not iden-
tical with that obtained with furfural.
Apparently the reaction with pentoses
is more complicated than a simple deg-
radation to furfural followed by cou-
pling with thymol.  Glucuronie lactone
ives a curve similar to that of furfural,
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Table I. Wave Length of Maximum

Absorbance and Relative Absorptions

of Sugar-Thymol-Sulfuric Acid Reaction
Mixtures

Determined on Beckmar Model DU
spectiophoiomerer

AMax. Relutive
\h=orbanee,  Absorp-
Sugar My tion
Glieose 1.00
.. 1.4
076
g 1.65
Norhose 118
Arahinosc 115
ibose 118
Fucose 050
Rhamnose 1.6
Galaheprose 0.39
Glueoheptose 0.k
Glnewronie aeid
Lactone 191 0.8)
Furfural 191 +.00
Gilyeogen 50910 0 98
Tuulia F15 1.63
Turanose A3 L3S
Ruffinose 512 1,13

© Al siwinples read against reazent blank.

Effect of Glyccside Linkage. The
effect of tae glyveoside linkage was
studicd by comparing the gluzose ab-
sorption curve with those of ¢l 1cose-1-
phosphate, salicin (suligenin 8-p-glu-
coside), trehalose  (a-p-glucosido-a-n-
glueoside), cellobiose [4-(3-n-glucosido)-
p-glucose], and glveogen.  Inulin curves
were compated with fructose:  lactose
was compared with an equimelar mix-
ture of galuciose and glucose; and tu-
1anose was compared with a misture of
glucose and  fructose. In al
the absorpticn curves derived from the
complexes e those predictalile fron
the monosacel aride components (Figure
3.

Effect of Protein. Colorimct-ic re-
actions for sugars are usually influ-
enced by the presence of protein. An
absorption cu-ve of the thymol reac-
tien with a serum protein samyple pre-
cipitated as deseribed above ig shown
in Figure 4. Human serum protein is
known to contain galactose. mannose,
glucosamine, and  fucosc C'onse-
quently, the serunt curve was com-
parad with a mixture of 23 y of man-
nose, 25 ~ of galactose. 5 v of fucose,
and 30 y of glucosamine. As com-
pared to the sitaple sugnr curve, the
protein curve absorbs more in the 420-
to L0-mp range of the curve.  Ab-
sorption maxine are the same. how-
ever, Hydrolysis o serum provein
twith LV hvdro hlorie acid for 4.5 hours)
before carrving out the reaction restlted
in only a slight change of the curve.
Addirion o tulline pepsin (waich
eontains very little earbohyvdrate) to
the sugr solution resclts in absoip-
tiot curves sindlwe to scrmm protein
curves;  however,  ervstalline  bovine

CHSCeS,

¢
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Figure 3.
acid

Effect of glycosidic linkage on sugar after reaction with thymol—sulfuric

Absorption curves of complexes superimposed on monosaccharide component;
all curves made at concentration of 50 + of hexose or equivalent

A.  Glucose-1-phosphate, glucose
B.  Inulin, fructose
C. Glycogen, glucose

D. Turanose, equimolar mixture of glucose and fructose

albumin had less effect. As the ab-
sorption curve obtained when sulfuric
acid reacts with protein (in the absence
of thymol) has some absorption at 420
mu (IMigure 1), most of the effect is
apparently due to the reaction of sul-
furic acid with protein, and does not
involve the reaction with thymol.

Determination of Serum Glyco-
protein. The thyrmol method was
used as deseribed abeve for the estima-
tion of serum glycoprotein on a series
of 22 human serum samples.  An
analysis by the tryptophan method of
Shetlar, Foster, and Everett (3) was
made on the same samples. The fol-
lowing results indicate good agreement
between the methods.

No. of Range,

Method Sera Mg. 9
Tryptophan 22 122 to 248
Thymol 2 125 to 257

Max. Diff | Correlation

Method Mg C¢ Cocfficient
Tryptophan 22 0.971

T'hymol

By statistical methods, the difference
between averages by the two methods

Figure 4. Effect of protein on sugar-
thymol—sulfuric acid reaction

All curves made with AO scanning spectrophotom-
eter

Curve indicated by arrow: Reaction carried out on
mixture of 25 5 of galactose, 25 5 of mannose, 5
5 of fucose, and 30 v of glucosamine

Upper curve: Blank of same sugars without thymol
Curve next fo top: Serum protein blank without
thymol

Last curve: Reaction carried out on serum protein

was not significant, and the correlation
coefficient between the two methods
was highly significant.



The use of thymol-sulfuric acid ap-
pears to have an advantage over trypto-
phan for quantitative work with bio-
logical samples, in that protein has
less influence on the absorption curve.
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Estimating Total Absolute Activity of Small

Radioactive Precipitates on Filter Paper

PAUL T. WAGNER, LOUIS R. POLLACK, and CLARENCE G. DONAHOE, Jr.
Industrial Laboratory, Mare Island Naval Shipyard, Vallejo, Calif.

P The total absolute activity of a small
amount of a radioactive precipitate
on filter paper, containing a simple,
low-energy beta emitter, is estimated
from the counts cobtained from both
sides of the paper. By means of a
chart based on exponential precipi-
tate distribution, a relationship be-
tween the two counting rates and the
total activity (counts per minute) is ob-
tained. This relationship is depend-
ent upon the product of the absorption
coefficient aond the thickness of the
paper (including precipitate). For pur-
poses of counting, a close geometry
is stipulated—e.g., a windowless flow
counter. Total activity is converted
to total absolute activity (d.p.m.) by
multiplying by a geometrical factor.
This factor is the ratio of 47 to the solid
angle subtended by the sensitive
volume of the counter based on aver-
age precipitate position, including o
correction factor for radiations ab-
sorbed by the walls of the counter.
For radiocarbon precipitates, an ac-
curacy within 109 of the absolute
valve is expected.

WHEN a small amount of a pre-
cipitate containing a simple, low-
energy beta emitter is filtered on paper,
the material becomes embedded within
the paper and the activity appearing at
the surface is reduced by absorption of
radiations by the paper and precipitate.
This article shows that the total ac-
tivity (activity which would have been
observed in the absence of any absorp-
tion losses) can be obtained from the
ratios of the observed activitics of the
top and the bottom of the paper. A
chart showing this relationship (Figure
1) is based on exponential precipitate
distribution and close-geometry con-
ditions of counting. As shown by Sut-
tle and Libby (&), activities obtained
under close-geometry conditions can

conveniently be converted to absolutc
activities.

CLbSE-GEOMETRY AND ABSOLUTE ACTIVITY

For close-geometry conditions, the
abgolute specific radioactivity was
shown to be rclated to the observed
activity of either an infinite or 4 finite
thickness of precipitate (5). This
relationship is based on the values for
the absorption coefficient, the surface
area of the sample, and the factor G.
@'is the ratio of 4r to the solid angle
subtended by the sensitive volume of
the counter from the point source on
the precipitate being considered. These
same arguments apply also to close-
geometry placement of filter paper
samples in end-window positions, as
well as to the ¢ylindrical placement used
by Suttle and Libby in their screen-wall
counter. In this case the filter paper
with precipitate represents a finite
sample  thickness. In  end-window
placement, the geomctrical factor, G,
can be considered from a standpoint
of average ‘precipitate position, with a
correction for the radiation absorbed
by the walls of the counter. To con-
vert total activity counts per minute as
obtained from Figure 1, to total absolute
detivity (disintegrations per minute), we
need only to multiply the total activity
obtained by the value of G. In a 27
counter, G would be expected to be
only slightly greater than 2.

EXPONENTIAL DISTRIBUTION

In a filtered precipitate the particles
tend to be concentrated on top of the
paper, the concentration (expressed as
activity per unit thickness of paper)
decreasing with increasing depth. Such
a distribution of particles can readily
be envisaged as exponential. This
mathematical relationship satisfies a
large number of precipitate distribu-
tions. while a given proportionality

constant will define a particular dis-
tribution,

In an exponential distribution of
precipitate:

de
ok
and
¢ = e (1)

where ¢ = activity per unit thickness at
depth ! which would be ob-
served if there were no ab-
sorption of beta rays
¢y = activity per unit thickness ab
zero depth
proportionality constant, sq.
cin. per mg.
depth within filter paper,
mg. per sq. em.

~
([

If we consider a sample of filtered
precipitate with an exponential distribu-
tion, the total activity can be consid-
ered to be the sum of the activities of
an infinite number of infinitesimally
thin layers.

Using Equation 1, the total activity,
%, is as follows:

q
.= c,,f el = (1 — ety (2)
0 k

where g = total thickness of paper with
precipitate, mg per sq. cm.

Numerous authors (1-5) have shown
the applicability of sell-absorption equa-
tions relating measured activity to total
activity in solid radioactive samples.
These relationships are based on ex-
ponential beta-ray absorption for homo-
geneous samples where the activity
from the top is measured.

For exponential precipitate distribu-
tion, and exponential absorption of
beta rays, the measured activity, z,
from the top side of filter paper be-
comes:

[
z = ¢ f e~klg—ul dl =
0
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14
cuf e—(pt+R dl =
0

o o (udk
#+k(1 e—(e+h)g) (3)

where 4 = absorption coefficient for beta
rays in filter paper with precipitate, sq.
cm. per mg.

As the distance measured from the
bottom is g — I, the measured activity,
y, on the bottom side is:

g
y = cof emb=plg=D dl =
0

Co
u—k

(e—kg — e—rg) (4)

Limiting Conditions. In the pre-
ceding equations %k can vary from
zero to infinity. By substituting
these two values of &, we obtain equa-
tions for activity ratios at the limiting
conditions.

Fquation 2 can be expanded:

Co

e=pli-c-wr G -G

As k — 0, we approach the limiting
equations:

E o= 0yg

z = c—a(l — e—ug)
n

@
i

= ﬁ’(1 — e~ ug)
I

and
z =1y

Combining equations for z and y:

z Hq
y 1 —e—wm &2

Substituting + = %, and rearranging,
result in an equation for self-absorption
similar to the one given by Cook and
Duncan (2):

2 BT

q "1 — o—we

Thus, when 5 — 0, the ratio of z/y
= 1, the precipitate is distributed uni-
formly throughout the paper, and the
well-known equations for self-absorp-
tion hecome applicable.

As & — «, Equations 2, 3, and 4
yield the following limiting relation-
ships:

x

Y — eud 6

il (6)

z_ g 7

alls (7)
and

2=z

Thus, when;k — =, the entire pre-
cipitate is in'an infinitesimally thin
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(kg.” _ (kg)?

layer on top of the paper, z/y = 2/y =
e*9, and the measured activity on top
is the total activity.

Real Conditions, For real pre-
cipitates k is neither zero nor infinite;
but from Equations 3 and 4 we obtain
an equation for the activity ratio, «/y,
as a function of &.

z _ (u — k) (1 — e—(rt&)g) 8)
vy (e+k)(e™h —emun)
Similarly, by cdmbining Equations
2, 3, and 4 we obtain an equation for
2/y:

Similar tables can be prepared for
other ug values; and the activity ratios
can be used to plot z/y as a function of
z/y. Thus, a value of 2/y can be ob-
tained for any measured ratio of z/y.

APPROXIMATE RELATIONSHIP

Although an assumed exponential
distribution appears to be a reasonable
type of precipitate distribution for ob-
taining an estimate of the total ac-
tivity, setting up a table for each of the
various thicknesses and absorption co-
efficients encountered might become
somewhat laborious. A simpler method

21 — e ) (f) of calculation would be more attractive.
z _ Y
Y 1 —e—w+Re+ (e—r — ™) (g)
G Table I. Tabulation for Equation 9
By substituting arbitrary values of %, (ug = 2.24)
other than zero or infinity, in Equations k z/y z/y
8 and 9 we can obtain values of z/y and 0 1 2.51
z/y and construet a table showing these 0.2 1.71 3.35
relationships for a given ug value. gg gig igg
Table I shows some % values and the 0.7 417 5. 82
0 s 1.0 5.30 6.78
k 1.6 6.60 7.75
+.4.)]=Coa(1—§g+(%)~.-.) 2.0 7.09 8.08
- ’ 3.0 7.79 8.52
corresponding z/y and z/y ratios for 18:8 gég g%
ug = 2.24 (u = 0.28 for radiocarbon w 9.39 9.39
and g = 8 for a typiecal filter paper).
. [
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Figure 1. Chart for obtaining total activity, z, from observed activities, x and y
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Assuming a generalized exponential
distribution of precipitate, we can con-
struct an approximating curve through
two particular points. The obvious
points of choice are the limiting ones——
i.e., those corresponding to # = 0 and
k = . Plotting 2/y as ordinate and
z/y as abscissa, we determine from
Equations 5, 6, and 7 that the two
points are (1, ug/l—e~=#9) and (e,
e“?); but in order to connect these
points by a curve it is necessary to have
an equation which expresses z/y as a
function of z/y.

The characteristics of filter paper
are such that a usable precipitate will
approximate a distribution that. be-

haves as if all of the precipitate were

concentrated in a thin layer, In an
equation based on a hypothetical thin-

layer precipitate in which the precipi- ;
tate position is such that the measured -

x/y ratio is satisfied,
r = ze &
y = ze—#g=-0

Multiplying these two equations and
rearranging, we can write:

12
- () o

This equation holds only for thin-
layer concentrations of precipitates;
however, when the z/y ratio of a real
precipitate approaches its maximum,
e#¥, the precipitate concentration ap-
proaches a thin-layer concentration and
the equation holds for that particular
z/y ratio. For other z/y ratios Equa-
tion 10 is an approximation, the de-
gree of uncertainty in 2z/y increasing
with decreasing #/y values.

The desired relationship between z/y
and z/y, satisfying the two fixed points,
is now indicated by the form of Equa-
tion 10. However, in order to satisfy
both limiting conditions, & = 0 and &
= o, z/y must have some degree of
independence from the exponent.

The required conditions are satisfied
by the equation:

2 _f(e_"”_u)"
Y Y\ z

A solution for & can be found by sub-
stituting the value of z/y when z/y is
unity. From Equations 5 and 11,

(11)

#g

z
S T — pugh
Yy 1 —¢c—wug

Then,

1 kg
b= e (12)

Equations 10 and 11 are identical
when pg = 0, as

poet

lim lln ug 1
W>0ug 1T —¢—~wr 2

However, as ug # 0, b is slightly less

than !/, and Equation 11 gives #/y
values somewhat lower than Equation
10, which is as expected.

‘Equations 11 and 12 can be combined
to give an equation which may be plot-
ted to give a straight line on logarithmic
paper, through the two previously
fixed points:

n (2) - (w ~n 1_’1%9> n (2) +

. ug

“g -
lu—1 T (13)

DISCUSSION

Agreement between Equation 9, ox-
ponential distribution equation, and
Equation 13, logarithmic equation, can
be seen from the curve in Figure 1.
The points on the curve for g = 2.24
were obtained from Equation 9. The
curve itself was constructed by drawing
a straight line between the points
(1, pg/1—e~#9) and (e#9, ¢*9). Similar
curves were constructed by this method
for pug values of 1.5, 2.0, 2.5, 3.0, 3.5,
4.0, and 4.5. The dotted line in
Figure 1 represents the curve when z/y
= z/y—i.e., the z/y ratios one would

getifzr =z .

The use of these curves is illustrated

“by an example: The absorption coeffi-

cient for beta rays from carbon-14 in
filter paper is 0.28 sq. c¢cm. per mg.
The absorption .coefficient of the pre-

cipitate alone is 0.29 sq. em. per mg.

Consequently, the absorption coefficient
for a small amount of precipitate in
filter paper is assigned the value of
0.28, the same as for the paper alone.
The thickness of the paper containing
the precipitate is 8 mg. per sq. cm.;
this gives a value of 2.24 for ug. If

- the top side of the paper has & measured

activity of 120 counts per minute and
the bottom side an activity of 40, z/y
equals 3. From the curve in Figure 1,
when pg equals 2.24, an z/y ratio of 3
gives a z/y ratio of about 4.8, Since
y 15 40, 2 = (4.8) (40) = 192 counts per
minute. This represents the total ac-
tivity of the precipitate, which is
greater by 609, than the activity which
one would have obtained by taking the
top measurement as yvepresentative of
the total activity.

In the example cited, the relatively -
low. z/y ratio ( max. = 9.4) may be in-
dicative of a slight loss of precipitate.
For an exponential distribution of pre-
cipitate, the value of &, as obtained
from Table I, is 0.46. The fraction of
precipitate lost would then be e %9, or
0.025—i.e., about 2.5% of the pre-
cipitate has not been retained by the
filter paper.

The derivations in this article assume
thin-layer concentrations of precipitate
in which self-absorption corrections are

negligible. A real precipitate, however,

- may have an appreciable thickness of

precipitate concentrated above the
paper. If the precipitate is sufficiently
large to be removable, it can be counted
independently, and the paper counted
on both sides for total remaining ac-
tivity. If it is not of sufficient thick-
ness to be removable, it may be of in-
terest to know how thick it can be with-
out introducing serious errors. Two
examples are given, and the total ac-
tivities based on these distributions are
compared to the total activities ob-
tained by the use of Figure 1.

If we consider distributions in which
all of the precipitate is on top, the bot-
tom of the precipitate (or top of the
paper) will have the same activity as
the top of the precipitate, z. Aec-
tivity at the bottom of the paper will be
reduced by the thickness of the filter

paper. Then,
z
= = gugr 14
¥ (14)
Y _ g
z 1 emm (15
where g, = thickness of paper, mg. per
5q. cm. .
¢ = thickness of precipitate, mg.
per sq. em.
g =0nten

In an exaggerated example, if the
thickness of a radiocarbon-tagged pre-
cipitate is the same as the thickness of
the filter paper, and all the precipitate
is concentrated on top, a thickness of 8
for the precipitate and 8 for the paper
gives a total thickness of 18 mg. per
sq. cm., with o = 0.28, pgy = 2.24,
uge = 224, and pg = 4.48. From
Equations 14 and 15, the z/y ratio is
calculated to be 9.4, and the z/y ratio
23.6. From Figure 1, if z/y is 9.4, 2/y
is 20.0; and the curve gives a value
differing by about 15% from the value
based on the hypothetical distribution.

Smaller precipitates; of the size with
which this article deals, would range up
to 15 mg. For a planchet 1 inch in
diameter, this is equivalent to about 3
mg. per sq. em. Taking a typical value
of 2 mg. per sq. cm. for the precipitate,
¢ is 10 mg. per sq. cm, and pg becomes
2.80. In this example z/y is calculated
to be 9.4 and z/y 12.3. By interpola-
tion between ug = 2.5 and yg = 3.0 in
Figure 1, 2/71s found to be 11.7. These
2/y values differ by only about §%.

The examples cited are indicative of
deviations from the curves if a precip-
itate of appreciable thickness is con-
centrated solely on top of the paper.
Experimentally, this is the unusual
case, as shown by the z/y ratios. In
general, any variation of precipitate
distribution from the assumed distribu-
tion for the curve in Figure 1 will intro-
duce minor uncertainties in the results.
Although the true distribution is not,
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known, the deviation of the results from
the correct results, while not calcu-
lable, will generally be less than in the
extreme example cited. The magnitude
of the z/y uncertainty for a given pre-
cipitate distribution is also influenced
by the nature of the beta rays, weaker
beta rays introducing a greater degree
of uncertainty. On the other hand,
rather pronounced shifts in precipitate
distribution from an assumed distribu-
tion cause only minor deviations in re-
sults. From this it is evident that,
even though a precipitate distribution
differs from that represented by the
curves in Figure 1, the results obtained
are not expected to differ by much from
the results that would have been ob-
tained if the true distribution had been
known. A 2/y value obtained for a
precipitate containing radiocarbon, for
example, is expected to differ by less
than 109, from the true value.

CONCLUSION

The proposed method allows estima-
tion of the total activity of precipitates
on filter paper from the measured ac-

tivities of both sides of the paper.
The absorption coefficient, u, for the
beta rays and the thickness, g, for the
paper with precipitate must be known.
Close-geometry conditions of counting
must be used,.in which the filter paper
is close to the counter.

A family of curves parametric in ug
(Figure 1) serve to define 2/y as a func-
tion of z/y, wherc z is the total activity
and z and y are the measured activities
from the top and bottom of the filter
paper, respectively.

Total activity, z, can be converted
to absolute total activity (d.p.m.) by
multiplying by the geometrical factor of
the counting setup. This is the ratio
of 47 to the solid angle subtended by

. the sensitive volume of the counter,

based on average precipitate position
and corrected for radiations absorbed
by the walls of the counter. For an
efficient flow counter this factor is ex-
pected to be approximately equal to 2.

In the case of small radiocarbon-tag-
ged precipitates, the total absolute ac-
tivitics obtained by means of Figure 1
are expected to differ by less than 10%,
from the absolute values.
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Application of Thermal Diffusion to Separation of
Aliphatic Alcohols and Fatty Acids from Their Mixtures

C. W. BLESSIN, C. B. KRETSCHMER, and RICHARD WIEBE

Northern Utilization Research Branch, Agricultural Research Service, U. S. Department of Agriculture, Peoria, Il

P Although separation of mixtures by
thermal diffusion is often very effective
—for instance, in mixtures of paraffin
hydrocarbons—very littie or no sepa-
ration was found in alecohols and fatty

acids. This failure is attributed to
hydrogen bonding, which cbscures
structural  differences and prevents

their separation.

IN CONNECTION with the possible ap-
plcation of thermal diffusion to the
analysis of complex mixtures of fatty
acids and their derivatives, such as
those encountered in vegetable-oil tech-
nology, binary mixtures of the lower
aliphatic alcohols and fatty acids were
studied.

APPARATUS AND PROCEDURE

The stainless steel thermal diffusion
column used in this work was similar in
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design to the one described by Jones
and Milberger (4).

The fractionating section was 6 feet
in length, with an annular space of
0.0115 in. and an annular volume of
22.5 ml. The inner surface was water-
cooled, while the outer onc was heated
electrically. In order to check the effi-
ciency of the column, the separation of
a*series of binary paraffin hydrocarbon
mixtures was studied (Table I). As
was to be expected from n-paraffin
hydrocarbon mixtures, separation in-
creased with increasing differences of
the molecular weights between the two
components of the mixture. The per
cent separation is given for a 48-hour
run in each case and is close to the equi-
librium value for this column.

RESULTS
In Table I the density values are
quoted from API Rescarch Project 44
(7). The values of final composition
listed were determined from experi-

mental plots of refractive index wvs.
volume fraction, which in most cases
were nearly straight lines.

Alcohol Mixtures. No such regu-
larity was found with binary mixtures
of the lower aliphatic alcohols. The

8 100°C, Hot well 25-30°C. Cold Woll
Zz
g
g
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o
g
¥
-
z
H
o
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Figure 1. Effect of time on separation

of 50 volume % mixture of propionic
acid in butyric acid



Table 1.

Separation of 50 Volume % Binary Mixtures

(Duration of runs, 48 hours)

Final Composition

Density,  Hot Wall, Cold Wall, Top Bottom o
Components 25° C. 2 G RS, 10% 10% Separation”
Hydrocarbons
n-Heptane 0.6795 90 24 55.0 37.0 18.2
n-Octane 0.6985 45.0 63.0
n-eptane 0. 90 25 68.5 21.5 46.9
n-Decane 0. 31.5 8.5
n-Ileptane 0.6795 90 25 93.5 7.0 86.7
n-Hexadeeane 0. 6.5 93.0
n-Octane 0 115 26 61.5 255 35.6
n-Decane 0.7 38.5 745
n-Octane 0.6985 115 26 93.0 6.5 86.3
n-Hexadecane  0.7700 7.0 93.5
n-Decane 0.7262 115 30 83.5 11.0 2.7
n-ITexadecane  0.7700 16.5 83 .0
Aleohols?
Methanol 0.7865 50.0 49.5 0.6
I“thylaleohol 0.7851 50.0 50.5
Methanol 0.7865 51.5 49.0 2.3
n-Propy!aleohol 0.7994 48.5 51.0
Methanol 0.7865 50.0 475 7 2.7
Isopropyl alcohol 0.7808 50.0 52.5
Methanol 0.7865 56.0 40.0 15.4
teri-Butyl aleohol 0.7807 44.0 60.0
Lthylaleohol 0.7851 51.0 49.0 ) 4
n-Propylaleohol 0.7994 49.0 51.0
Tithyl aleohol 0.7851 46.0 50.0 2.6
Tsopropyl aleohol 0.7808 54.0 50.0
Ethylaleohol 0.7851 51.0 49.0 1.6
n-Butyl aleohol 0.8057 49.0 531.0
Ethyl aleohol 0.7851 52.0 45.0 7.0
tert-Butylaleohol 0.7807 48 .0 55.0
n-Propyl aleohol 0.7994 50.0 50.0 0.0
Tsopropylaleohol 0.7808 50.0 50.0
n-Propyl aleohaol 0.7994 50.0 50.0 0.0
tert-Butyl alcohol 0.7807 50.0 50.0
n-Buiylaleohol 0.8057 51.5 45.5 4.9
tert-Butylaleohol 0.7807 48.5 54.5
Fatty Acidse
Propionic 0.9880 51.5 46.5 5.3
Butyrie 0G.9532 48.5 53.5
Propionie 0.9880 51.5 47.5 3.7
Valeric 0.9345 48.5 52.5
Propionic 0.9880 5 445 9.2
Caproic 0 9230 5 55.5
Propionic 0. 9880 51.0 45.5 5.5
Fnanthie 0.9137 49.0 54.5
Propionic 0. 9880 52.5 47.0 5.6
Caprylie 0.9066 48.0 54.0
Propionie 0.9880 52.0 460 6.1
Pelargonic 0.9017 48 .0 54.0

2 An; (between top and l)onmuﬂotiol\s) X ]90

Anyp, (between pure compounds)

o TTot wall temp. 50° C., except for n-butyl-tert-butyl, which is 75° C.
30

= 9 separation.

Cold wall temp.

" Hot wall temp. 100° C.  Cold wall temp. 27-30° C.

largest per cent separation was only
159, observed with a 50:50 mixture
of methanol and tert-butyl aleohol.
Hydrogen honding in alcohols is very
strong (3). As alcohols can form two
hydrogen bonds per molecule, polymers

will consist of molecular chains. As
far as thermal diffusion is concerned,
all n-aleohols therefore appeared to
have a more or less identical structure
and significant separation was obtained
only between methanol and fert-butyl

aleohol, showing the widest variation in
structure.  The importance of strue-
tural difference in alrohols in facilitating
scparation is also shown in the system
benzyl alcohol—cthylene glyeol, where
Jones and Milberger found a 299 sep-
aration (4). No separation occurred
in a 50:50 mixture of n-propyl with iso-
propyl aleohol and with tert-butyl al-
cohol, respectively, although it might
have been expected to take place.

A ternary mixture consisting  of
cqual percentages by volume of methyl,
cthyl, and tert-butyl alcohols was in-
vestigated in order to find out whether
cthyl aleohol might improve separation
of the other two components. No such
effect was observed, and separation oc-
curred as if ethyl alecohol was not
present.

Fatty Acid Mixtures. The experi-
mental results giving the separation of
butyrie, valerie, caproie, enanthic,
caprylie, and pelargonic acids with re-
spect to propionic acid are also shown
in Table I.  All acids had been purified
in a highly cfficient frectionating col-
umn. Hydrogen bhonding is again evi-
dent, as only small separation occurred.
The irregularity up to caproic might be
attributed to the differences between
odd- and even-numbered acids, which
is also shown by differences in melting
points. Beyond caproic acid, differ-
ences between even- and odd-numbered
acids appear to become ncgligible as far
as thermal diffusion behavior is con-
cerned.

In all pairs of fatty acids investigated,
the acid having a lower density mi-
grated to the bottom because of thermal
diffusion and thus opposed the purely
thermal density gradient. This situa-
tion may result in the so-called forgot-
ten cffeet (2), an example of which is
given by Jones and Milberger (4),
where it is shown that this results in a
reversal of the direction of concentra-
tion. The propionic-butyric acid mix-
ture was seleeted to test whether the for-
gotten effeet was influencing the sep-
aration of the acids. As shown in
Figure 1, equilibrium was zpproached
normally.
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Characteristics of Stationary Mercury Electrode

FAUL V. PEURIFOY and W. G. 5CHRENK

Kansas Agricultural Experiment Station, Manhattan, Kan.

p An investigation was made of the
usefulness, sensitivity, reproducibility,
and characteristics of a stationary
mercury electrode of small diameter
which is used in conjunction with a
glass tube stirrer. A modified cell
design simplifies the manipulations of
the electrode. The behavior of kenzil,
1,3-dinitrobenzene, maleic acid, oxalic
acid, bromide ion, thiosulfate ion,
vranyl ion, and ions of cadmium, co-
balt, copper, lead, antimony, stannous
tin, and thallium was determined.
Some success was achieved in elimi-
nating anomalous peaks. Hali-wave
potentials and diffusion currents were
reported. The lower limit of concen-
tration was about 0.5 X 107M, A
precision within about 0.49% was ob-
served in some cases. The half-wave
potentials determined with this elec-
trode were generally more regative
than the ccrresponding potentials ob-
tained with the dropping mercury
electrode. The diffusion currents were
two to four times greater than those
obtained with the dropping mercury
electrode.

ONE of the recent innovations in
polarcgraphy involves the use of a
stationary mercury electrode of small
diameter employing controlled stirring,
which was reported by Arthu» and a
ciates (7). The polarographic waves
obtained with such an eiectrode are
usually smooth and maxima are fre-
quently absent where they would be
observed with the droppirg mercury
electrode

Marple and Rogers (3) determined
trace amounts of lead using a mereury-
plated platinum electrod= which was
stirred with a glass tube. The waves
obtained were very uneveri. Rosie and
Cooke (6) used a 3-sq. cm. mereury
pool with stirred solutiors to inercase
greatly the sensitivity of the polaro-
graphic method. This irvestigation is
concerned with the general behavior of
the electrode arrangement reported by
Arthur and associates (1.

APPARATUS AND MATERIALS

The electrolysis cell used in this work
was similar to the onz described by
Arthur and associates (17, except for a
few modifications. An exploded pic-
ture of the cell is show: in Figure- 1.
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Figure 1. Exploded view of stationary
mercury electrode cell

Body of cell

Ball and socket clamp

Reference electrode cell

Special tapered joint clamp
Stationary mercury electrode tube

SRy =

A spherical joint was added below the
stopcock to facilitate the cleaning and

waxing of the electrode tube. The elec-
trode tube itself extended 4 ¢cm. up into
the cell body and was of glass tubing 2.8
mm, in inside dlameter coated with
ceresin wax. The two side tubes were
added to facilitate degassing. The bot-
tom end of the electrode tube was con-
nected to a mercury leveling bulb. which
was held by a leveling bulb support
equipped with a screw for fine adjust-
ment. This arrangement made the job
of positioning the mercury column much
easier.

A small custom-fitting water bath
constructed of plate glass and poly-
methylmethacrylate plastic contained
the body of the cell and the saturated
calomel electrode. Water at 25° =
0.2° C. was supplied to the small water
bath from a large bath by a circulating
pump. The support rods for the small
water bath and cell were fastened to a
heavy wooden base at the bottom and
secured to a laboratory bench at the top
to keep vibration at a minimum.

The #/s-inch brass stirrer shaft was
machined to fit closely by insertion into
a 6.3-cm. length of glass tubing with a

0.74-cm. inside diameter. A 4.5-cm.
length of 3-cm.-diameter brass rod
served as a bushing for the shaft. The
stirrer speed was controlled by reference
to a Stewart-Warner portable tachom-
eter connected to the top of the stirring
motor shaft by a flexible rubber tube.

The water used for all purposes was
either double-distilled or distilled water
passed through an ion exchange col-
umn. The tank nitrogen was passed
through a trap containing an alkaline
pyrogallol solution before entering the
cell.  All reagents were reagent grade.

All polarograms were recorded on a
Sargent Model XII polarograph and
voltages were determined with a Central
Scientific Co. Model 83411 potentiom-
eter. The resistance across the cell was
measured with a Wheatstone bridge,
audiogenerator, and oscilloscope ar-
x.muement suggested by Pesce, Knes-
bs uh and Ladisch (5).

PROCEDURE

Seventeen milliliters of the solution
were placed in the cell and nitrogen was
passed through the cell for 15 mmute\
The mercury “in the electrode tube was
lowered a few millimeters below the top
of the electrode tube for a few minutes
just at the end of the degassing period.
At the end of the degassing period the
mercury column was raised, so that it
was flush with the top of the electrode
tube. The stirrer tube was centered
over the electrode tube and lowered so
that it extended 5 mm. down over the
electrode. In most cases at least one
unrecorded run was made to “condi-
tion” the electrode. After each run sev-
eral drops of mercury were flushed out of
the glass tube. The stirrer speed was
maintained at 600 = 50 r.p.m. The
half-wave potentials were corrected for
the voltage drop across the cell.

RESULTS AND DISCUSSION

Cations. Polarograms of eight dif-
ferent cations were recorded. The
half-wave potentials, microamperes
per millimole per liter, and diffusion
currents are summarized in Table I.
The half-wave potentials for lead and
cadmium agree well with the values
reported by Arthur and associates (1).
The diffusion currents reported here
are about twice as great as those of
Arthur et al. because a larger electrode
tube was used.

Bismuth produces a smooth, well
formed wave over the entire concentra-
tion range. When calibration curves
were constructed for bismuth and cad-



mium, straight lines resulted when the
diffusion currents and concentrations
were plotted on logarithmic scales.
The concentration range investigated
in each case was from 0.0005 to 0.01lmM.
A dlight deviation from linearity oc-
curred at the lowest concentrations.
In ammoniacal solutions the cadmium
wave rose from the start with no ap-
parent residual current line. The half-
wave potential of cobalt in 1M potas-
sium thiocyanate was more positive
than the dropping electrode values
while the potentials in other media
were more negative. This seems to
support the report by Arthur et al. (1)
of erratic behavior for reduction prod-
ucts not soluble in mercury. The
waves obtained with cobalt were in
general poorly formed. Peaks were
observed which were not entirely elim-
inated by the addition of gelatin, gum
arabic, or glyeine. The waves obtained
with lead were well formed.

A number of waves obtained with
antimony in 1N hydrochloric acid
showed peaks which could be elimi-
nated by making the solution 0.1% in
gum arabic. Glycine also was fairly
effective. Gelatin, thymol, and meth-
ylene blue were ineffective. Waves
covering the same voltage range and
showing the different effect of 0.01
and 0.1%, gum arabic are illustrated
in Figure 2.

Stannous ion in 1N hydrochloric acid
produced a wave with a maximum
with a dropping mercury electrode,
but no maximum was observed with
the stationary mercury electrode. The
half-wave potential for ImM thallium
in 1M potassium nitrate was 0.037
volt more negative than the correspond-
ing dropping electrode value, which
is in contrast to the results of Rosie and
Cooke (6) for the stirred mercury pool
electrode, These authors reported a
shift of 0.01 volt in the positive direc-
tion. At the lower concentrations, the
residual current line of the thallium
wave was somewhat inclined. The
waves obtained with the uranyl ion
in 2M hydroxylamine hydrochloride
were rather drawn out at the polariza-
tion rate (65 mv. per minute) employed.

Amnions. Anodic polarograms of
potassium bromide and sodium thio-
sulfate were made (Table II). All
polarograms made of the bromide ion
in 0.1M potassium nitrate produced
peaks, probably due to the formation
of mercurous bromide on the surface
of the mercury. None of the maxi-
mum suppressors tried affected -the
peaka.

The thiosulfate ion in 0.1} potas-
sium nitrate gives two waves and the
half-wave potential is very much de-
pendent on the concentration, not only
for the stationary electrode, but also
for the dropping electrode. The second

Table I  Half-Wave Potentials and Diffusion Currents for Cations

Conen., 14, o Eip vs. 8.C.E.
Mmoles/L. SME DME 1a%/C SME DME
Bit+*in 1IN HCI
1.0 33.1 7.15 33.1 —0.114 —0.0966
0.1 3.23 32.3 —0.110
0.01 0.297 29.7 —0.110
0.008 0.238 29.7
0.004 0.135 33.7
(.002 0.0795 39.8
0.001 0.0318 31.8 —0.106
(.0005 0.0212 N.w? 42.4
Cd*+in 0.1M KCl, 0.019 Gelatin
2.0 38.7 ' 19.4 —0.630 —-0.607
1.0 19.9 4.85 19.9 —0.628
0.1 1.80 18.0 - —0.615
0.01 0.196 19.6 —0.609
0.005 0.102 20.4
0.002 0.0423 21.1 —0.606 —0.600
0.001 0.0212 21.2
0.0005 0.0106 N.W5 21.2
Co**in 1M KCNS
1.0 26.5 10.8 26.5 —1.011 —1.058
Co*+in 0.1 KC1
1.0 27.5 12.4 27.5 —1.443 —1.345
[Co(NH,)COs] ™ in 1M NH,OH + 1M NH,Cl
1.0 9.74 3.24 9.74 —0.378 —0.288
27.05 8.75 27.05 —1.319 —1.264
Pb*+in 0.LM KCY, 0.01% Gelatin
2.0 48.5 24.3 —0.420
1.0 23.3 5:80 23.3 —0.418 —0.396
0.5 12.0 24.0 —0.416
0.1 2.49 24.9 —0.410
0.01 0.244 24.4 —0.408
0.004 0.0955 23.9
0.002 0.0487 24.4
0.001 0.0318 N.we 31.8 —0.404
0.0005 0.0159 N.wer 31.8
Sn++in IN HCL
1.0 33.9 12.7 33.9 —0.183 —0.148
0.1 3.40 34.0 —0.158
0.01 ¢.339 0.136 33.9 —0.156 —0.147
0.001 0.0318 31.8 —0.154
Sn++in 1IN HCl
1.0 17.2 8.72 17.2 —0.476 —0.462
0.1 1.48 0.648 14.8 —0.472 —0.468
Ti* in 1M KNO,
1.0 18.0 6.37 18.0 ~0.511 —0.474
0.1 1.75 0.69 17.5 —0.500
0.01 0.185 18.5 —0.503
0.008 0.150 18.7 —0.500
0.004 0.0720 18.0 —0.499
0.002 0.0370 8.5 —0.501
0.001 0.0185 18.5 —0.502
U0, t+ in 2M Hydroxylamine Hydrochloride
1.0 9.27 4.13 9.27 —0.219 —0.214
0.1 0.932 9.32 —0.229
0.01 0.0901 9.01 -0.221
. 0.005 0.0398 7.95
¢ Microamperes per millimole per liter.
5 No visible wave.
wave obtained with the dropping mer- tional to concentration. The peak

cury electrode is small and rather
flattened, and disappeared below
0.001M., With the stationary mereury
electrode the second wave produced 2
peak which did not have the same
form on all waves and was not propor-

became more pronounced as the sen-
sitivity of the instrument was increased
with decreasing concentration of the
solution. The first wave was nicely
formed. Two typical waves are shown
in Figure 3.
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Figure 2. Waves of antimony in 1N hydrochloric acid

1. Gum arabic added, 0.01%
2. Gum arabic added, 0.1%
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Figure 3. Waves of thiosulfate in 0.1M potassivm nitrate
1. T mM
2. 0.01mM
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Figure 4. Waves of 1,3-dinitrobenzene and maleic acid
1. 1 mM 1,3-dinitrobenzene
2. 1 mM maleic acid in 1IN HNO; in
10% acetone, buffer pH 8.2

Organic Compounds. Polarograms
were made of benzil in 0.2N¥ hydro-
chloric acid, 1,3-dinitrobenzene in
buffer of pH 8.2, maleic acid in 0.1N
hydrochloric acid and LV nitric acid,
and oxalic acid in three different sup-
porting eclectrolytes. The half-wave
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potentials and diffusion current data
are given in Table III. The solvent
for benzil was 75% ethyl aleohol, which
softened the coating on the electrode,
and often caused it to be stripped
from the clectrode. Runs made with
a freshly waxed electrode were very

satisfactory. A very small peak was
observed on the residual current line
with the stationary electrode.

1,3-Dinitrobenzene produced two
waves with the dropping mercury
clectrode, but three waves were ob-
served with the stationary mercury
electrode in basic media. The third
wave became less distinet with de-
creasing concentration. Pearson (4)
indicated three half-wave potentials at
a pH of 2.5, but the first two waves
were rather coalesced. Marple and
Rogers (2) reported three waves with
the stationary mercury-plated platinum
electrode; in stirred solutions the
waves of 1,3-dinitrobenzene were very
flat and overlapped. A typical wave
obtained with the stationary mercury
electrode is shown in Figure 4,

The limiting current line of the maleic
acid waves were inclined at an angle of
about 30°, which increased the difficulty
of half-wave determination. A maleic
acid wave is shown in Figure 4. No
usable waves were obtained with oxalic
acid. A fairly sharp peak was observed
in 0.1/ ammonium -chloride containing
a buffer of pH 50. The oxalic acid
wave obtained with the dropping mcr-
cury electrode had a steep limiting
current plateau, closely followed by the
hydrogen wave. In the same support-
ing electrolytes, 0.2M potassium acid
phthalate and 0.05M tetramethyl am-
monium bromide, using the stationary
electrode, the large hydrogen wave
completely obscured the oxalic acid
wave.

Solution Containing Two Ions. The
results of the determination of lead
and cadmium in the same solution are
given in Table IV. When gelatin was
present, the lead wave had a very
flat limiting plateau and the cadmium
wave had a slightly inclined or rounded
limiting plateau. The effect was re-
versed when gelatin was not present
(Figure 5). Other than the effect
noted, the discharge of the lead ion
previous to the cadmium ion discharge
has no significant effect on the diffusion
current of the second wave. The dif-
fusion current values agree very well
with the values found for the solutions
of the individual ions. The ratio of
the cadmium diffusion current to the
lead diffusion current obtained with
the stationary electrode was very close
to the ratio obtained with the dropping
electrode.

Standard Addition. Some stand-
ard addition experiments were run
using solutions of copper, cadmium,
and lead, with the mercury meniscus
about 1 mm. above the top of the
glass tube. The waves obtained with
this arrangement were not so smooth
and nicely formed as the waves obtained
with the mercury flush with the top
of the tube. The smallest error found
was about 1% and the average error was
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Table 1.  Half-Wave Potentials and Diffusion Currents for Anions
Conen., id, Ma. . By vs. 8.C.E.
Mmoles/L. SME DME 1a/C SME DME
Br~in 0.1M KNO;
1.0 14 .82 4.34 14.82 +0.0081° +0.101
9,800 2.96 9.80 +0.170° +0.215
805~ in 0.1 XNO,
1.0 12.4 5.3 12.4 —0.163 —0.167
0.159 0.742 0.16 0.151¢ 0.125
0.1 1.23 (0.642 12.3 —0.140 —0.147
0.212 N.Wwd 2.12 0.058¢ N.W.¢
0.01 0.138 0.0754 13.8 —0.113 —0.0638
0,148 N.W.e 14.8 0.0752¢ N.WwW.e
0.001 0.0118 N.w.e 11.8 —-0.095 N.w.e
0.0795 N.W.¢ 79.5 0.0715¢ N.w.¢

e Microamperes per millimole per liter.

b Peak heights.
¢ Half-peak potentials.
4 No visible wave,

Table lll.  Half-Wave Potentials and Diffusion Currents of Organic Compounds
Conen., ta, pa. By vs. B.CE.
Mmoles/L. SME DME ta/Co SME DME
Benzil in 75% Ethyj) Aleohol, 0.2N HCL
1.0 15.2 6.35 15.2 —0.44]1 —0.280
0.1 1.51 15.1 —0.439
1,3-Dinitrobenzene in 10% Acetone, Buffer pH 8.2
1.0 37.3 19.3 37.3 —0.600 —0.497
20.1 16.8 20.1 —0.761 —0.667
21.4 21.4 —1.070
0.1 3.42 34.3 —0.590
2.11 21.1 —0.751
2.05 20.5 —-1.030
0.01 0.371 37.1 —0.588
0.225 22.5 —0.752
0.199 19.9 —1.024
0.001 0.0635 63.5 —0.587
0.0423 42.3 —0.745
0.0318 31.8 —1.011
Maleic Acid in 0.1V HC1 *
1.0 12.2 8.04 12.2 —0.878 —0.645
Maleic Acid in 1IN HNQ;
1.0 10.9 7.94 10.9 —0.754 -0.584

s Microamperes per millimole per liter.

Figure 5. Waves of lead and cadmium
in same solution, 0.1M potassium
chloride

1. 1mM, no gelatin present
2. 0.1 mM, 0.01% gelatin present

A

about 6%. The diffusion currents ob-
tained in these experiments were about
759, greater than those obtained with
the mercury flush with the top of the
tube.

Mercury Leveling Method. Anex-
periment was made to determine
whether the diffusion current was
affected by lowering the mercury be-
low the top of the tube. The average
current obtained by lowering the mer-
cury was 6.5% higher than that ob-
tained with the mercury flush with the
top of the glass electrode tube. There
was less deviation of the diffusion cur-
rent with the mercury at top level

Table IV. Data for Determination of
Lead and Cadmium in Same Solution

(Supporting electrolyte, 0.13/ KCl)

Conen.,

Mmoles/ Tdy pa,
L. Ph++ Cd++ Ratio
Stationary Mercury Electrode
1.0 21.5 18.9 0.878
0.5 11.1 9.43 0.850
0.25 6.60 5.77 0.875
g.1 2.18 1.81 0.830
0.02 0.376 0.328 0.872
Dropping Mercury Electrode
1.0 9.70 8.47 0.874
Table V. Effect of Leveling Mercury

by Raising or Lowering

(Solution used, 0.75 X 1073}, Na,S:0;
in 0.1M KNO,)

Run 2d, p. Deviation

Mercury at Tube Top

1 9.13 0.41
2 9.67 0.13
3 9.80 0.26
Av. 9.54 0.27
Mercury below Tube Top
1 10.02 0.14
2 10.87 0.71
3 10.02 0.14
4 9.82 0.34
Av. 10.16 0.33
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(Table V). The diffusion current de-
creased about 2.8% when four suc-
cessive runs were made without Aushing
mercury from the electrode.

Linearity and Precision. The re-
sults obtained with cadmium showed
that with renewal of the mercury sur-
face a precision of 0.36% may be ob-
tained. The diffusion currents ob-
tained for most ions show a good linear
relationship. The results for thallium
were within 1.9% of linear. Greater
deviations were observed at the lower
limit of concentration.

General. For substances that pro-
duce well formed waves, the lower
limit of concentration was in the vicin-
ity of 0.5 X 1078, Good waves were
obtained with the ions of bismuth,
cadmium, lead, thallium, stannous tin
and thiosulfate, and 1,3-dinitrobenzene.
Moderately good waves were obtained
with antimony ion, uranyl ion, benzil,

and maleic acid. Very poor waves
were obtained with cobaltous ion and
bromide ion. Oxalic acid did not pro-
duce a usable wave. Anomalous peaks
or humps sometimes occurred, which
were extremely difficult to suppress.
The eclectrode was two to four times
more sensitive than the dropping mer-
cury electrode. The half-wave po-
tentials determined for the stationary
mercury electrode were, in general, more
negative than the corresponding po-
tentials determined with the dropping
mercury electrode. Over a wide con-
centration- range, the half-wave poten-
tials shift to less negative values as the
solutions are made more dilute, in agree-
ment with the observations of Arthur
et al. (1). The cations studied gave
half-wave potentials averaging about
0.019 volt more negative, the anions
about 0.004 volt more negative, and
the organic compounds about 0.17

volt more negative than the dropping
mercury potentials.
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Determination of Trace Amounts of Copper

Application of the Bathocuproine Reagent
to Pulp, Paper, and Pulping Liquors

LeROY G. BORCHARDT ond JOHN P. BUTLER!
The Institute of Paper Chemistry, Appleton, Wis.

B The present work is concerned with
the determination of copper in pulp,
paper, and puiping liquors in the range
of 0.1 to 40 p.p.m. A critical survey
of the literature has been made and a
method based on the use of a sensitive
and specific colorimetric reagent, 2,9-
dimethyl - 4,7 - diphenyl - 1,10 - phen-
anthroline, is recommended. Using
this reagent, copper can be accurately
determined on a T-gram sample.
The wet combustion technique using
nitric and perchloric acids is recom-
mended, as results based on dry ash-
ing of organic matter were variable.
Measurement of the colored complex
is made at a wave length of 479 myu.

A spARCHE of the literature reveals
a profusion of methods for the
determination of trace amounts of
copper in materials of biological origin.
Interest in this determination is mani-
fested especially by dairy and agrieul-
tural chemists, pathologists, and others
concerned with the catalytic effects of
this metal. Small amounts of copper

! Present address, Marathon - Corp.,
Menasha, Wis.
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(less than 1 p.p.m.) are known to pro- ,

mote the formation of rancidity of
dairy products and vegetable fats, and
contamination must be guarded against
during processing, packaging, and stor-
age. With the present surplus of dairy
products, the problem of stability on
storage has assumed major economic
proportions,

One source of copper contamination
lies in the paper or board used as a
packaging medium. Wood itself has
a certain residual copper content, usu-

ally less than 1 p.p.m., depending upon *

the species and soil conditions during
tree growth. In the manufacture of
paper, however, copper is picked up
during cooking and beating, and es-
pecially as the sheet is formed on the
fourdrinier wire. As a result, paper
and paperboard may contain upwards
of 20 p.p.m. of copper. In the manu-
facture of specialty papers—i.e., butter
wrap and ice cream carfons—the copper
content must be carefully controlled,
and the tolerance for this metal is very
low in the case of papers used for photo-
graphic purposes. Furthermore, ' in
studying the corrosion of digesters it
is sometimes of interest to determine

the copper content of pulping liquors
containing a high concentration of
carbohydrates.

The present paper reports a critical
survey of analytical methods for de-
termining trace amounts of copper in
the presence of organic matter. Em-
phasis was placed on the determination
of copper in pulp, paper, and pulping
liquors in the range of 0.1 to 40 p.p.m.
A comparison has been made of the
wet-combustion and the dry-ashing
techniques for destruction of the or-
ganic matter. The recommended
method is presumably applicable to
milk, plants, fertilizer, and organs of
medical and pathological interest.

SURVEY OF LITERATURE

The potassium ethyl xanthate method
(49) and that worked out by Biazzo
(6) were among the first to meet the
needs of the dairy chemists. Close
control of pH is essential in the xanthate
method, and Conn ef al. (15) encoun-
tered difficulty due to turbidity follow-
ing color development. The Biazzo
method consists of ashing the sample,
adding pyridine and potassium thio-



cyanate to the solution, and extracting
the copper complex with chloroform.
Drabkin and Waggoner (17) recommend
the addition of pyrophosphate o obviate
the interference of iron(III)., Sub-
sequent workers (2, 19, 22, 43) have
modified this method for application
to various biological materials, but
there remain the principal drawbacks
of lack of sensitivity and specificity.
Titration with nitrosochromotropic
acid was suggested by Cherbuliez and
Ansbacher (10), following separation
of copper as the sulfide, but the color
change at the end point left something
to be desired (45). Several workers
(11, 30) have reported on the pink
color formed in the presence of copper
upon the addition of dimethylglyoxime,
pyridine, ammonjum persulfate, and
silver nitrate. This method is very
sensitive but does not lend itself to

quantitative work. In 1930, Richard-

son (41) proposed a method based on
the color formed with potassium ferro-
cyanide following separation of copper
as the sulfide, but the procedure has
not met widespread acceptance.

Callan and Henderson (9) pioneered
in the application of sodium diethyl-
dithiocarbamate to the determination
of copper, and Williams (52) compared
the carbamate and xanthate methods.
Sinee the carly 1930’s a great deal of
work has been done in an effort to ob-
viate interferences and increase the
sensitivity of carbamate methods.
Conn et al. (15) give an excellent review
of the literature up to 1935, and rec-
ommend the carbamate method follow-
ing separation of copper as the sulfide.
A number of refinements have been re-
ported in the intervening years; these
jnelude a preliminary separation with
diphenylthiocarbazone (50), use of thio-
sulfocarbamate (33), complexation of

iron using 2,2’-bipyridine (38) or citrate-

(18), separation of copper with dithizone
(4, 25, 39), and use of dihydroxyethyl-
dithiocarbamic acid (7). As late as
1950, however, Beeson and Gregory
(5) recommended further study of the
existing carbamate methods before
adoption of one of these as an official
method of the Association of Official
Agricultural Chemists. In 1953, Forster
(20) modified the method of Sedivec
and Vasak (44) by using the amamonium
salt of (ethylenedinitrilo)tetraacetic acid
(EDTA) to complex iron, manganese,
nickel, and zinc; the copper-carbamate
complex was extracted with carbon
tetrachloride. Even more recently,
Cluley (12) has suggested the use of
the diethylammonium salt of diethyl-
dithiocarbamic acid and EDTA in
the copper determination. Abbott and
Polhill (1) reported that very low blanks
were obtained when zine dibenzyldi-
thiocarbamate was used as a colori-
metric reagent for copper. Complexing

agents were not required when this
reagent was used.

Several authors (13, 29, 35, 40) have
determined trace amounts of copper
polarographically after destruction of
organie matter or extraction of soluble
copper salts with dilute acid. None of
these methods were applicable to the
determination of 1 « or less of copper
in the presence of iron and other re-
ducible cations.

Various other methods have been
proposed and the applicability of several
was studied in the present work. An
iodometric method (46) was not adapt-

‘able for amounts of copper in the micro-

gram range. Methods based on color
formation with dithizone (8, 26, 387)

'suffer from lack of specificity, and have

not met with widespread acceptance.
The use of o-dianisidine (34) and ru-
beanic acid (31) appeared deserving of
further study. Methods based on the
blue copper complex with tetraethylene-
pentaamine (16, 32) are not sufficiently
sensitive for the present purpose.
Procedures based on the use of 2,2-
biquinoline (23, 27, 25) were studied.
A promising method for determining
copper in pulp and paper by Wetlesen
and Gran (51) was evaluated; this
method employs Cuprizone, biscyclo-
hexanonedioxaldihydrazone, as the col-
orimetric réagent. Gran (24) has re-
cently described a sensitive method for
copper based on reaction with oxalyldi-
hydrazide in the presence of acetalde-
hyde. The specificity of this reaction
and the solubility of the copper com-
pound in organic solvents have not
been studied.

Much of the work reported above
has been adapted from a few basic
methods. Smith was the first to make
a fundamental study of the copper(I)
complexes with substituted 1,10-phen-
anthrolines, and as an outgrowth of this
study predicted the requirements for
chelation of the cuprous ion and postu-
lated the effect of substitution on sen-
sitivity and selectivity of the colorimetric
methods based thereon. In two recent

. papers (47, 48) Smith and his coworkers

have described the analytical applica-
tions of two new reagents, 2,9-dimethyl-
1,10-phenanthroline, known as neocu-
proine, and 2,9-dimethyl-4,7-diphenyl-
1,10-phenanthroline, known as batho-
cuproine. Gahler (27) has applied
neocuproine to the determination of
copper in steel. Bathocuproine has
only recently become available com-
mercially, and was evaluated in the
course of the present work.

Several authors have reported diffi-
culty in recovering added copper in
using a dry-ashing technique (3, 36).
Comrie (14) added magnesium nitrate
to the organic matter prior to ashing
in order to increase the bulk of the ash.
He maintained that silica absorbs
copper irreversibly and recoveries were

 low for this reason.

Bailey and Me-
Hargue (8) reported that use of platinum
crucibles led to interference with the
carbamate method. Most proponents
of the dry-ashing technique have used
temperatures below 500° C. (or 465° C.
in some cases), but recoveries of copper
were variable and the time required for
ashing was excessive under these con-
ditions. In view of the disagreement
in the literature, wet-combustion and
dry-ashing techniques have been com-
pared.

METHODS STUDIED

Besides sensitivity and specificity,
a widely applicable method should not
require techniques or equipment beyond
the means of the ordinary control lab-
oratory. Colorimetric measurements
are ideally suited for the determination
of trace metals, and this study has
been limited to such methods. In so
doing, it is not felt that any very promis-
ing method has been excluded from
consideration.

The following colorimetric methods
have been studied:

Dithizone (42)

Biazzo method (thiocyanate and pyri-
dine) (6)

p-Anisidine

1,5-Diphenylearbohydrazide

Di-2-naphthylthiocarbazone

Cuprizone,  biseyclohexanonedioxaldi-
hydrazone (51)

Rubeanic acid (81)

2,2'-Biquinoline (27)

Neocuproine, 2,9-dimethyl-1,10-phen-
anthroline (21) .

Bathocuproine, 2 9-dimethyl-4,7-di-

phenyl-1,10-phenanthroline (48) .
Diethylammonium salt of diethyldithio-
carbamic acid and EDTA (12)
Zine dibenzyldithiocarbamate (1)

Several methods were eliminated
from further consideration after pre-
liminary experiments. Dithizone forms
colored compounds with a number of
metals besides copper, and contamina-
tion by zine and mercury is especially
troublesome. The extraction step re-
quires a fairly long period of shaking
and metal dithizonates are unstable
in the presence of light. Extraction
of the copper dithizonate may afford
a convenient means of separation, but
the method based on use of dithizone
alone is unsuitable.

The Biazzo method was studied with
respect to molar absorptivity of the
colored complex, interference of other
cations, stability of the complex, and
effect of pH on extraction. The method
was fairly specific for copper and re-
producible results were obtained. How-
ever, at least 10 v of copper were re-
quired for accurate measurement, and
this meant the digestion of large
amounts of organic matter for samples
containing less than 1 p.p.m. of copper.
Tor safe and rapid removal of organic
matter using nitric and perchloric acids,
it is advisable to use a I-gram sample.
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Table I.  Comparison of Various Methods for Determining Copper
Wave
Length
of
Absorp-
tion =
Solvent Used pH Range - Peak, Effect of Stability
Method for Extraction for Extraction my  Sensitivity* Foreign Tons of Color Remarks
Neocuproine CHCL-EtOH 2.3-9.5 457 0.095* No interference from 4 days
56 metals (21)
Biquinoline Isoamyl alcohol 46 540 0.095°  Hg caused ppt. s .
Biazzo CHCl, 2-10 405 0.050¢  Fe(I1ll) up to 5 mg. 24 hr. Citrate used to com-
permissible plex Fe(I1I)
Diethylammo- CHClL Excess NH,O0H 435 0.230¢  No interference from 7 days
nium salt o Ni, Mn, Hg, or Fe
diethyldithio- below 7 mg.
carbamic acid
plus EDTA
Cuprizone None 6.9-9.9 606 0.095¢ None (51) 3 hr. Ammonium  citrate
used to  complex
Fe and Ni
Bathocuproine  1-Hexanol 4-10 479 0.330¢  No int-erfe(;ence en- 100 hr. Specific for Cu(X) (47)
countere
Zine dibenzyldi- CClL, Less than 2 435 0.515¢  No interference from 24 br. No complexing agent
thiocarbamate Fe, Ni, Hg, or Mn required (1)

o Measured absorbance for 10 v of copper following solvent extraction; 1-cm. path length.

b Final volume 10 ml.

¢ Final volume 5 mi.

2 Final volume of aqueous solution 25 ml.
¢ Final volume 6 ml.

In the case of pulping liquors a 10-ml.
aliquot.is suitable. Given these limi-
tations, the Biazzo method was insuffi-
ciently sensitive for the present purpose.

A cursory examination was made
of p-anisidine, 1,5-diphenylcarbohy-
drazide, and di-2-naphthylthiocarba-
zone as colorimetric reagents for copper.
The copper-anisidine complex was ex-
tractable from an alkaline solution with
carbon tetrachloride, but pH control for
complete extraction was so critical as to
render the method valueless for routine
control purposes. 1,5-Diphenylearbo-~
hydrazide reacts with a number of
metals to form colored compounds.
The rose-colored copper complex is
extractable into chloroform from an
ammoniacal solution, but turbidity in
the chloroform layer often prevents
spectrophotometric measurement. Ex-
traction from acid solution gave the
same results. In view of the number of
metals known to react with this re-
agent, further work was abandoned.
Di-2-naphthylthiocarbazone is some-
what more selective than dithizcne in
its reaction with mercury, but copper is
known to react, under similar conditions.
Measurement of the absorption curve
of the copper-naphthylthiocarbazonate
failed to show a peak in the visible
region, and the method was not inves-
tigated further.

Cuprizone (biscyclohexanonecioxal-
dihydrazone) has been recommended
by Wetlesen and Gran (§1) for the de-
termination of copper in pulp and paper.
These authors reported that the cop-
per(IT) complex with cuprizone has a
molecular extinction coefficient of 17,120
at a wave length of 606 mgy, but the
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chelate is insoluble in all common
organic solvents. Because the complex
cannot be extracted from the aqueous
phase, the method is relatively insen-
sitive and a 10-gram sample of pulp is
required. In Table I are shown com-
parative data for a number of colori-
metric reagents for copper.

Use of rubeanic acid was ruled out
because of the insolubility of the
green copper compounds in common
organic solvents.

2,2’-Biquinoline and neocuproine (2,9-
dimethyl-1,10-phenanthroline) have
about the same sensitivity and selec-
tivity in the copper determination.
The copper chelates of these two re-
agents were extractable in the pH range
of 4 to 6, but below 5 v of copper, blank
corrections become significant and these
methods are inapplicable below 1 v of
copper. Hence, they were abandoned
for want of sensitivity.

Of the many reagents tested, three
were found suitable for the present
determination: the diethylammonium
salt of diethyldithiocarbamic acid using
EDTA as a complexing agent, zinc
dibenzyldithiocarbamate, and batho-
cuproine (2,9-dimethyl-4,7-diphenyl-1,
10-phenanthroline). The carbamate
method using EDTA is less sensitive
than either of the other two, because
a large volume of chloroform is neces-
sary for complete removal of the copper
complex from the aqueous phase. The
carbamate complex has limited solu-
bility in chloroform, and upon cooling
a cloudiness often developed in the
chloroform layer. This cloudiness also
occurred when impure EDTA was used
to sequester other metals. There is

little difference between the three
methods as regards speed, necessity
for pH control, and stability of the
colored complex.

The zinc salt of dibenzyldithiocar-
barie acid offers several advantages as a
reagent for copper. First, the copper
complex is formed in acid solution and
accordingly the blank is lower than
when ammonia is used to neutralize the
acid digestion mixture. The reagent
is fairly specific for copper, although
macro amounts of nickel and mercury
interfere. The precision of results using
this method left something to be de-
sired, however, and the bathocuproine
method is recommended for general use.
For the sake of completeness, all three
procedures are given in detail.

APPARATUS AND REAGENTS

Ammonium hydroxide solution, ¢.p.

Nitric acid, redistilled reagent (G. F.
Smith Chemieal Co.).

Perchloric acid, 72%, double-vacuum-
distilled (G. F. Smith Chemical Co.).

Bathocuproine, 2,9-dimethyl-4,7-di-
phenyl-1,10-phenanthroline (G. F. Smith
Chemical Co.), 0.0LM solution in 1-
hexanol.

1-Hexanol, redistilled.

Hydroxylamine hydrochloride solution,
10% aqueous.

Distilled water.
apparatus.

ongo Red indicator paper.

Standard copper solution. Dissolve
a weighed amount of clean copper wire in
nitric acid and dilute to the required
volume with distilled water.

Beckman Model DU spectrophotometer
with matched 1-em. Corex cells.

Redistill from all-glass

If the alternative procedures are used,
the following additional chemicals are
required:
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Figure 1.

Absorption curve for copper(l)-2,9-dimethyl-4,7-

diphenyl-1,10-phenanthroline complex

Conen, 12 7y Cuin & ml. 1-hexanol.

(Ethylenedinitrilo)tetraacetic acid di-
sodium_salt (TitraVer powder, No. 204,
Hach Chemical Co., Ames, Iowa), Dis-
solve 50 grams of the salt in 1 liter of dis-
tilled water.

Diethyldithiocarbamic acid diethylam-
monium salt (Eastman No. 2635). Dis-
solve 10 grams in 1 liter of chloroform.

Chloroform, c.».

Zine dibenzyldithiocarbamate, 0.05%,
in carbon tetrachloride.

Sodium sulfite, 5%, in water.

Carbon tetrachloride, c.p.

RECOMMENDED PROCEDURE

Wet Digestion. Weigh accurately
a sample of the appropriate size (1
gram in the case of pulp and paper,
10 ml. for pulping liquors) and trans-
fer the sample to a 100-ml. Kjeldahl
flask. Add 20 ml. of nitric acid, 5 ml.
of 72% perchloric acid, and an Alun-
dum boiling. chip. Warm the solution
with a Bunsen burner until most of the
carbonaceous matter has been oxidized,
and continue heating until all nitric
acid has been removed and strong
fumes of perchloric acid are evolved.
Cool the solution and dilute to 25 ml.
with redistilled water. Boil the solution
for several minutes to destroy oxides of
chlorine.

Bathocuproine Method. Add a
small piece of Congo Red paper to
the flask and neutralize the solution
with concentrated ammonium hy-
droxide solution, adding 10 drops in
excess, Cool the solution and trans-
fer to a 100-ml. separatory funnel.
Pipet the following reagents into the
solution in the order given: 2 ml. of hy-
droxylamine hydrochloride solution, 1.0
ml. of 1-hexanol solution of bathocu-
proine and 5.0 ml. of 1-hexanol. Shake
the solution for 2 minutes and then
allow the layers to separate for 5 min-
utes. Discard the aqueous layer and
transfer the hexanol solution with a pipet
to the absorption cell. Measure the
absorbance of the solution at a wave
length of 479 mg vs. a reference solution

1.0-¢m. path length

carried through the digestion and color
development steps. The absorption
curve 1s given in Figure 1.

ALTERNATIVE PROCEDURES

Carbamate Method Using EDTA.
Digest the sample as directed above,
and transfer the resultant solution,
previously cooled, to a 100-ml. scpa-
ratory funnel. Add 20 ml. of (ethyl-
enedinitrilo)tetraacetic acid solution
and dilute to about 60 ml. with distilled
water. Neutralize the solution to Congo
Red paper with ammonium hydroxide
solution and add 5 ml. in excess. Cool
the solution if necessary and add 10.0
ml, of carbamate solution from a pipet.
Shake the solution for 2 minutes and
then allow the layers to separate. Draw
off the chloroform layer through a glass
wool plug in the stem of the separatory
funnel, and transfer directly to the ab-
sorption cell. Measure the absorbance
of the chloroform solution at a wave
length of 435 my vs. a blank solution
carried through the entire procedure.

Zinc Dibenzyldithiocarbamate
Method. Digest the sample as above,
and add'5 ml. of sodium sulfite solu-
tion to the cool, dilute acid solution.
Transfer the solution to a 100-ml
separatory funnel and add 5.0 ml. of
zine dibenzyldithiocarbamate reagent
solution. Shake well for 1 minute, and
then draw off sufficient carboh tetra-
chloride solution to fill an absorption
cell. Measure the absorbance of this
solution at a wave length of 435 mpu
against a blank solution carried through
the same 'procedure.

DISCUSSION

1,10-Phenanthroline and its substi-
tuted analogs form stable chelates
with iron(I), copper(I), zine(II), and
cadmium(IT), among the more common
metals. These chelates are readily ex-
tractable "with organic solvents, and

in the case of iron and copper, they form
the basis of &ensitive colorimetric
methods of determination. The ferrous-
1,10-phenanthroline complexes are the
most widely used, and a rather large
number of ferroin-type oxidation-reduc-
tion indicators are known. Copper(l)
reacts with 1,10-phenanthroline to form
a colorless complex in acid but not in
neutral or basic media. Introduction
of methyl groups into the phenanthro-
line nucleus in the 2,9- positions serves
to inhibit chelation with iron(II) and
metals other than copper(I), because’
of sterie requirements. Furthermore,
the copper(I)-2,9-dimethyl-1,10-phen-
anthroline complex absorbs in the visible
region, thus making possible a sensitive
colorimetric determination.

As a result of fundamental studies
by Smith and his coworkers, the sensi-
tivity of neocuproine as a reagent for
copper has been enhanced by the addi-
tion of phenyl groups in the 4,7- posi-
tions of the phenanthroline nucleus.
The resultant compound, bathocu-
proine, retains the specificity of neo-
cuproine for copper(I) and as a-reagent
for copper leaves little to be desired.
The properties of the copper(l)-2,9-
dimethyl-4,7-diphenyl-1,10-phenanthro-
line system may be summarized as
follows: The chelate is readily extract-
able into hexanol with a single extrac-
tion, pH control is not critical, other
metals do not form colored complexes
under the reaction conditions specified,
stability of the chelate is not a problem,
and measurement of light absorption
can be made in the visible region. The
only drawback to this reagent is its
cost, but in the present work one gram
of bathocuproine sufficed for over 200
determinations.

A comparison of the results obtained
by the wet-combustion and dry-ashing
techniques is shown in Table II. Dry-
ashing temperatures were held below
500° C. and porcelain crucibles ' were
used. The resultant ash was then
leached with nitric and hydrochloric
acids. Erratic results were obtained
using the dry-ashing technique, and
use of platinum ware failed to improve
the precision. The poor results are
explained either on the basis of volatiliza-
tion of copper at 500° C. or irreversible
absorption of copper on the porcelain
surface, but in any case concordant
results were not obtainable by this
technique. Accordingly, the wet-com-
bustion method using nitric and per-
chloric acids was studied and found
applicable to the present problem.
Excellent precision was obtained, blanks
were low and reproducible, and re-
covery of added copper was quantita-
tive. Using 'a l-gram sample of pulp
or paper, the digestion proceeded
smoothly and without violent reaction.
Some frothing was observed in the case
of liquor samples, but only a slightly
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Table .  Dry-Ashing and Wet-
Combustion Methods Applied to Paper
Samples
Copper Content,
P.P.M.
Dry Wet
Sample ashing combustion
Unwaxed glassine 23.2 20.6
25.4 20.5
23.3 20.7
Av. 24.0 20.6
Waxed glassine 14.5 14.5
14.4 14.0
15.4 14.5
Av. 14.8 14.3
Bleached greaseproof 21.4 17.1
37.2 17.7
24.1 17.7
Av. 27.8 17.5
Margarine carton 6.29 8 84
7.05 8.22
8.55 8.43
Av. 7.30 8.50
Ice cream carton 1 20.5 20.4
17.8 21.0
17.8 21.1
Avy. 18.7 20.8
Ice cream carton 2 4.78 8.91
6.49 8.75
5.85 9.14
Av. 5.53 8.93

Table lll. Determination of Copper in
Pulp, Paper, and Pulping Liquors by
Yarious Methods
{Wet combustion used)

Copper Content, P.P.M.

Car-
bamate dithio-

plus  carbam- Batho-
Sample EDT ate  cuproine
Butter wrap 4.21 4.46 4.05
4.03 4.33 4.16
4.26 4.31 4.09
Av. 4.17 4.37 4.10
Lard Pak 19.1 20.3 19.2
18.5 19.9 19.4
18.7 20.2 19.1
Av. 18.8 20 1 19.2
Bleached sul-
fite pulp 3.59 3.56  3.31
3.67 3.59 3.29
3.54 3.56 3.34
Av. 3.60 3.57 3.31
Bleached kraft
pulp 1.64 1.10 0.96
1.06 1.06 0.97
1.2%1 1.08 0.95
Av. 1.30 1.08 0.96
Spent  semi-
chemical
liquor 0.29 0.21 0.20
0.29 0.19 0.21
0.26 .19 0.20
Av. 0.28 0.20 0.20
Spent  sulfite
liquor 0.21 0.24
0.24 0.25
0.26 0.25
Av. 0.23 0.25
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Table IV. Recovery of Copper Added to Pulp, Paper, and Pulping Liquor Samples
(Wet combustion used)

(’jTotal G
Residual per opper opper
Copper, Adp Present, Found, Recovery,
Sample v v ¥ %
Diethylammonium Salt of Dlethyldlthwcarbamic Acid Plus EDTA
Lard Pak A 21.6 10.1 31.7 31.0 97.8
. 21.5 10.1 31.6 315 99.7
Butter wrap 8.17 10.1 18.27 18.0 98.5
8.04 10.1 18.14 17.8 98.1
Zine Dibenzyldithiocarbamate
Butter wrap 4.68 4.2 8.88 8.8 99.2
4.70 10.5 15.2 15.4 101.3
Lark Pak 6.8 4.2 11.0 10.7 97.3
8.6 4.2 12.8 12.7 99.2
Bleached sulfite pulp 7.18 4.2 11.38 11.4 100.2
7.10 4.2 11.30 12.2 108.0
Semichemical liquor 2.1 4.2 6.3 6.2 98.0
2.1 4.2 6.3 6.3 100.0
Bathocuproine
Bleached sulfite pulp 3.67 11.4 15.07 14.95 99.2
4.94 11.4 16.34 16.35 100.1
6.53 11.4 17.93 17.95 100.1
Spent semichemical liquor 2.09 11.4 13.49 13.45 99.7
2.09 11.4 13.49 13.65 101.2
2.09 11.4 13.49 13.65 101.2
Lark Pak 6.1 11.4 17.5 17.2 98.3
6.0 11.4 17.4 17.0 97.7
5.8 11.4 17.2 17.1 99.4
Butter wrap 4.2 11.2 15.4 15.1 98.0
5.0 11.2 16.2 16.1 99 4
5.9 11.2 17.1 16.9 98.8
longer period of digestion was re-  law at a wave length of 479 myu within
quired in these eases. the concentration range of 0 to 30
of copper in 16 ml. of hexanol.
NOTES AND PRECAUTIONS Tables III and IV show comparative
Because of the sensitivity of the rec-  data for the determination of copper
ommended methods, contamination by the three methods.

from copper must be guarded against
at every stage. All glassware should
be rinsed with 1 to 1 nitric acid im-
mediately prior to use, with a final
rinse with redistilled water. Ordinary
water from a Barnstead or similar still
contains a small but measurable amount
of copper, and for this reason redistil-
lation from an all-glass apparatus is
necessary for accurate work. All rea-
gent solutions should be extracted with
bathocuproine in hexanol (or carbamate
in chloroform or carbon tetrachloride if
the alternative procedures are used)
to remove residual copper.

Turbidity in the absorption cells
may be removed by gentle warming
from the finger tips.

During the wet-digestion step the
usual precautions governing the use of
perchloric acid should be observed. In
the present work no difficulty was en-
countered in the digestion of over 500
samples by this method.

All three methods can be modified
to enable colorimetric measurements
with filter photometers or grating
spectrophofometers,

The colored complex obeys Beer's
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Reactions of Arsenic(lll) and Arsenic(V) with
Thioacetamide in Acid Solutions

ELIOT A. BUTLER and ERNEST H. SWIFT

Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena, Calif.

b The raies of precipitation of ar-
senic(lll) sulfide by thioacetamide have
been measured in solutions having pH
values from 3.78 to 1 and found to
follow quontitatively the calculated
rates of hydrolysis of the thioacet-
amide to hydrogen sulfide. Qualita-
tive experiments with solutions of pH 4
to 6 have produced no evidence of a
change of mechanism to a direct re-
action, such as was observed in the
case of lead. Studies of the reaction
of arsenic{V) with thioacetamide have
shown that initially arsenic(V) is re-
duced to arsenic(lll) with formation of
sulfur. The rate of reduction is first
order with respect to the concenira-
tion of arsenic(V), thioacetamide, and
hydrogen ion. The hydrogen sulfide
resulting from hydrolysis of the thio-
acetamide reacts initially with arsenic-
(V) to form thioarsenic acids, and then
with arsenic(lll) to produce arsenious
sulfide.

THE results of studies of the acid-
eatalyzed hydrolysis of thicacet-
amide and of the precipitation of lead
sulfide by thicacetamide in acid solu-
tions were reported in a previous

paper (6). The precipitation of lead sul-
fide by thioacetamide proceeded through
hydrolysis of the latter in solutions
with hydrogen ion concentrations
greater than about 10-3)/. However,
in solutions having pH wvalues from 5.1
to 3.4, the precipitation proceeded at a
rate appreciably greater than and in-
dependent of the rate of hydrolysis.
This paper reports studies of the reac-
tions of arsenic(ITI) and (V) with
thioacetamide in acid solutions.

REACTIONS OF ARSENIC(it))
ACETAMIDE

WITH THIO-

Reagents. Solutions of thioacet-
amide, sodium thiosulfate, potassium
iodate, and hydrochloric acid were
prepared ag described by Swift and
Butler (6},

Considerable variation in the quality
of commercial thioacetamide has been
noted, even in separate samples from a
single source, and anomalous results in
reaction rates and precipitation effects
have been obtained from some speci-
mens. Material used consisted of white
crystals, which could be dissolved com-

pletely in water to give a 1VF (volume
formal) solution (or left only a resuiue
amounting to not more than 1 mg.

from 100 ml. of such solution), and had
a melting point range of 111.0° to
113.2°C.

A stock solution of arsenious acid,
0.10VF, was prepared by dissolving a
welghed portion of arsenious oxide in
hot water; the concentration was
checked iodometncally

Sodium formate—formic acid buffer
solutions were prepared from sodium
hydroxide and 90, formic acid and the
pH values were checked with a Beck-
man Model G pH meter.

Apparatus. The reaction appara-
tus was that used in the study of the
hydrolysis of thicacetamide (6).

Rate Measurements. The reac-
tion solutions were prepared by mix-
ing accurately measured volumes of
the stock solutions of thicacetamide,
arsenic(III), and hydrochloric acid or
sodium formate—formic acid buffer
and diluting to 100 ml.

The reaction solution was heated to
90° =+ 1° C. and maintained at that
temperature by a constant temperature
bath. Samples of the reaction solution
were forced by air pressure at timed inter~
vals through the sintered-glass tube.
Any excess of reaction solution which
remained in the sintered-glass tube after
the removalof a sample was forced back
into the main body of the solution by a
low pressure flow of nitrogen. Nitro-
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Table I

As(I1T)
aH+ Concn.
Measd.
Caled.

Measd.
Caled.

1.6 X 107
9.8 X 10—+

As(III)

aH+ Conen,

thioacetamide; 7° = 90° C.)

0.21 liter mole™! minute—2

Comparison of Measured and Calculated Concentrations of Arsenic(lll) at Timed Intervals

(Calculations are based upon the second-order hydrolysis constant, &

All solutions were 0.10VF in

Time, Hours

0. 1

0.0099 0.0097
0.0098

0.0089
0.0091

0.0099

Time, Minutes

1.5 2
0.0095
0.0096

0.0084
0.0083

0.0086
0.0087

0

Measd. 0.0099

Caled.

Measd.
Caled.

9 X 103

8 X 102 0.0099

3 5 6 9

0.0089
0.0093

0.0045 0
0.0032 0

0.0062
0.0065

e Calculated to be completely precipitated in 8.8 minutes,

10 15 20

0.0083 0.0081 0.0076
0.0086 0.0080 0.0074

gen was not bubbled through the rzac-
tion solution during the period of the
run.

The samples were cooled immediately
in an ice bath to quench the reaction;
then about 0.01 gram of finely divided
dry paper pulp was added and the mix-
ture was centrifuged. This procedure
was necessary because some arsenic(I1)
sulfide from the reaction tube passed
through the sintered glass and could be
removed by centrifugation only if paper
pulp was present. A 10.00-ml. portion
of the centrifugate was withdrawn by
pipet and to this was added 1 ml. of
6V F hydrochloric acid. This acidified
solution was heated in boiling water for
5 minutes.

The resulting precipitate of arsenic-
(II7) sulfide was removed by centrifu-
gation and the arsenic was estimated by
the following procedure (7). The pre-
cipitate was dissolved in 1 ml. of 6VF
sodium hydroxide and bromine water
was added until an excess was indicated
by a slight yellow color. The solution
was heated in boiling water for 2 min-
utes, after which 3 ml of water were
added, followed by 6VF hydrochloric
acid until a permanent bromine color
appeared. Sodium hydroxide solution
was added dropwise until the bromine
color was discharged. Two milliliters
of 8VF formic acid were added and the
solution was heated in a water bath for
4 minutes. The solution was cooled,
swept with carbon dicxide for 3 minutes,
and washed into a 125-ml. flask which
contained about 0.5 gram of povassium
iodide in 0.5 ml. of water. Hydrochloric
acid, 12VF, was swept with carbon di-
oxide and a volume equal to that of the
arsenic—potassium iedide solution was
added. The resulting solution was
cooled and titrated with standard so-
dium thiosulfate solution to the disap-
pearance of the iodine color. Confirma-
tory determinations demonstrated that
this procedure gave results accurate to
within 19, with the quantities involved.

In the precipitation experiments made
with solutions 6VF in hydrochloric
acid, 10-ml. portions of the reaction
solution were prepared from 12VF hy-
drochloric acid, the arsenious acid, and
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the thioacetamide solutions. Thesesolu-
tions were placed in tightly stoppered
tubes which were suspended in a con-
stant temperature bath of the desired
temperature. The tubes were removed
from the bath after timed periods,
cooled in an ice bath, and centrifuged.
A large excess of thioacetamide was
added to the centrifugate, which was
then heated to 90° C. in order to test
for completeness of precipitation of the
arsenic,

Data and Discussion. Precipita-
tion of Arsenic(lll} from Dilute Acid
Solutions. The results of a series of
precipitation experiments made in solu-
tions with pH values ranging from ap-
proximately 1 to 4 are shown in Table
L There the analytically found ar-
senic(III) concentrations at various
times are compared with arsenic(III)

concentrations calculated upon the
assumption that the hydrolysis of thio-
acetamide is unaffected by the arsenic-
(I11) in solution, and that the hydrogen
sulfide from the hydrolysis is removed
quantitatively by precipitation of ar-
senic(III) as sulfide. The agreement
between the analytical and calculated
concentrations is within the limits of
experimental error. In Figure 1 are
plotted the data of Table I; there is
no significant trend in measured con-
centrations. It appears that precipita-
tion of arsenic(III) sulfide by thicacet-
amide at pH 1 to 4 proceeds through
the hydrolysis of thicacetamide and
there is no evidence of a direet reac-
tion such as was found with lead(II).

In preliminary experiments a stream
of one to two bubbles of nitrogen a



second was passed through the reaction
solution during the reaction period.
When this was done, the arsenic was
precipitated more slowly than was cal-
culated from the rate of hydrolysis.
In precipitation of lead sulfide by
hydrolysis of thicacetamide, such slow
sweeping had a negligible effect
upcn the rate of formation of lead
sulfide. This gives qualitative indi-
cation that the more acidic arsenie(II)
is less rapidly precipitated by the hy-
drogen sulfide than is lead(II).

Ia solutions with pH values greater
than about 4, the solubility of arsenic-
(III) sulfide increases rapidly with pH
(4). The acid concentration at which
the solubility commences to increase is a
function of the total sulfide (HoS -+
HS~ + 8—) concentration, and varies
from about 10~ for solutions saturated
with hydrogen sulfide to 5 X 107 for
solutions containing no added sulfide.

Quantitative rate measurements were
not made in solutions having pH values
above 4 because of the uncertainties
resulting from the increasing solubility
of the arsenic(III) sulfide and the very
low rate of hydrolysis of thioacetamide.
However, qualitative comparisons of
the rates of precipitation of arsenic by
thicacetamide in buffered solutions
showed that rate of formation of
precipitate continued to decrease as
the pH was increased from 4 to 6.

Thug, unlike lead(II), arsenic(IIT)
does not show a change of mechanism
in this pH range in its reactions with
thicacetamide to form the sulfide.
Qualitative experiments have shown that
other basic cations such as silver(T), cad-
mium(II), and copper(Il), display evi-
dence of a direct reaction with thioace-
tamide in the same pH range as does
lead. However, antimony(III) is simi-
lar in its behavior to arsenic(III).
Further work is being done in an effort
to establish a general basis for this
difference in behavior.

Precipitation of Arsenic(lll) Sulfide
from 6VF Hydrochloric Acid. Fre-
quently arsenic is separated from other
elements by precipitation with hydro-
gen sulfide from approximately 6VF
hydrochloric acid solutions. Qualitative
experiments were made to determine if
the precipitation by thioacetamide is
hydrolysis-controlled under such con-
ditions.

The activity coefficient of 6VF hy-
drochloric acid is calculated from the
data of Randall and Young (3) to be
4,3, With this' information and the
previously determined effect of tem-
perature it is possible to obtain by ex-
trapolation the rate of hydrolysis of
thicacetamide at this acid concentra-
tion and at various temperatures.

Thus, if a solution is initially 0.03VF
in thioacetamide, 6VF in hydrochloric
acid, and 0.01VF in arsenic(III), and
if the hydrogen sulfide reacts quanti-

i
tatively with the arsenic as fast as it is
formed, one can calculate by assuming
an average thioacetamide concentration
that at 40° C. approximately 10
minutes would be required for the
production by hydrolysis of a quantity
of hydrogen sulfide equivalent to the
arsenie. ’

i Experimentally, when several iden-
tical solutions of the above concentra-
tions were maintained at 40° C. for
various periods of time, the precipita-
tion was incomplete after 8 minutes but
complete after 10 minutes. Similar
experiments were conducted at 20° C.
with solutions 0.1VF in thioacetamide,
6VF in hydrochloric acid, and 0.01VF
in arsenic(III). The calculated time
was 16 to 17 minutes, and only a trace
of arsenic remained in solution after 25
minutes. Thus, even with the approxi-
mations involved, the calculated time
for complete precipitation was within
509%, of the measured time.

These experiments, besides indicating
that the precipitation of arsenic(III)
sulfide by thioacetamide is hydrolysis-
controlled even in 6VF hydrochloric
acid, show that the hydrolysis of thio-
acetamide can be caused to proceed ab
room temperature at a significant rate
by the uvse of suitable acid concentra-
tions, Statements in the literature
have implied that elevated tempera-
tures are essential for the hydrolysis,
and the effect of pH upon the bydrolysis
rate has been overlooked.

Effect of Chloride fon. Arcand (I)
has shown that in 0.1VF hydrochloric
acid the ratio of arsenious dihydroxy-
chloride to arsenious acid is 9 X 104
This ratio increases to about 33 in
6VF hydrochloric acid. Thus, in the
quantitative rate measurements re-
ported above, chloride-containing spe-
cies of arsenic(III) were not significant,
but in the qualitative experiments in
ﬁIf"F hydrochloric acid there was a
change of predominant species to the
dihydroxychloride. There was no ap-
parent change in the rate of precipita-
tion of the sulfide at the higher acid
concentration; this indicates that both
of the above mentioned arsenic(III)
species react with hydrogen sulfide
rapidly as compared with the rate
with which hydrogen sulfide is pro-
duced by hydrolysis.

Analytical Applications. These re-
sults make possible the calculation of the
time required for quantitative precipita-
tion of arsenic(III) as the sulfide by
thioacetamide under various conditions.
For example, with 100 ml, of a soiution
0.10VF in thioacetamide, and con-
taining 300 mg. of arsenic(III}, the
approximate times required for com-
plete precipitation at various hydrogen
jon activities and temperatures are
given in Table II.

These calculated values show the im-
portance of control of the temperature

I

Table H. Calcvlated Time Required
for Quantitative Precipitation of 300
Mg. of Arsenic(lll as Sulfide by
Thicacetamide
(Volume, 100 ml.; thioacctamide, 0.10VF)
Time, Minutes

aH* 90° C. 70°C. 60°C.
1 3 15 30
0.3 10 50 100
0.1 30 150 300

and acid concentration if arsenic(III)
is to be quantitatively precipitated.
Such caleulations are invalid if the
solution is boiled or an inert gas passed
through it; under such conditions the
hydrogen sulfide ean be expelled from
the solution so rapidly that no or only
partial precipitation is obtained.

Thioacetamide has been extensively
used as a substitute for hydrogen
sulfide gas for the precipitation of the
conventional hydrogen sulfide group
elements from hot solutions approxi-
mately 0.3F in hydrochloric acid.
The time and the thioacetamide re-
quired to obtain quantitative precipita-
tion can be minimized by beginning
precipitation in a small volume of solu-
tion and then diluting to the desired
final volume and acid concentration.
During the pretreatment the concentra-
tions of thicacetamide and acid are cor-
respondingly greater and advantage is
taken of the fact that the rate of hy-
drolysis of the thioacetamide to give
hydrogen sulfide is first order with re-
spect to the concentrations of both the
thioacetamide and the acid. When the
solution is diluted to the final volume,
thus decreasing the acid concentration,
the dissolved hydrogen sulfide precipi-
tates the more soluble sulfides, such as
cadmium and lead. The solution
should not be boiled during this pre-
treatment or hydrogen sulfide will be
lost. The solution should be warmed,
the container stoppered, and then
heated in a bath of boiling water for
the necessary time.

REACTIONS OF ARSENIC(V}] WITH THIO-

ACETAMIDE

Reagents. Solutions of arseniec(V)}
were prepared from reagent grade
arsenic pentoxide and standardized by
the following procedure:

A mesasured portion of the solution
was swept for 3 minutes with a stream of
carbon dioxide and then washed into a
125-ml. flask which contained 0.5 gram
of potassium iodide dissolved in 1 to 2
ml. of water. The solution was cooled as
an equal volume of 12VF hydrochloric
acid previgusly swept with carbon diox-
ide was added. The resulting solution
was titrated with standard sodium thio-
sulfate to the disappearance of the io-
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dine color. The average deviation of
four determinations by this procedure
was 0.7 part per hundred. Experiments
showed that the arsenic(V) sclutions
contained less than .19, of arsenic-
(an).

Magnesxum ammonium nitrate rea-
gent, 0.5VF in magnesium nitrate, 3VF
in ammonium nitrate, and 0.2V F in am-
monium hydroxide, was prepared from
reagent grade chemicals.

Apparatus. The same apparatus
was used as in the experiments with
arsenic(11T).

Procedure. The rate of reduction

of arsenic(V) by thicacetamide was
measured in the following way:

The reaction solution was prepared
from the standard solutions of arsenic-
(V), hydrochloric acid, thioacetamide,
sodium chloride, and water. The so-
dium chloride was added to maintain
the chloride concentration constant at
0.1VF, except in certain qualitative ex-
periments made in more concentrated
hydrochloric acid. The reaction solu-
tion was placed in a heating bath and,
when the desired temperature was
reached, samples of the solution were
taken at timed intervals. The samples
were cooled rapidly in an ice bath and
centrifuged to remove the suspended
sulfur which passed through the sin-
tered-glass plug in the sampling tube.

Two 5-ml. portions of the sample
were taken by pipet and analyzed sep-
arately for arsenic(V). To each portion
were added 2 ml. of 3VF ammonium
chloride, 1 ml. of 6 VF ammonium hy-
droxide, and 2 ml. of the magnesium
ammonium bifrate reagent. The solu-
tion was stirred vigorously and then
allowed to stand for at least 2 hours.
The tendency for magnesium ammo-
nium arsenafe to form supersaturated
solutions made this latter treatment
necessary. The precipitate was re-
moved by centrifugation and washed
twice with 2-rol. portions of the magne-
sium ammoniom nitrate reagent. The
centrifugate was removed in each case
by a drawn glass capillary attached to
an aspirator. The precipitate was
dissolved in 5 ml. of 0.6VF hydrochloric
acid, the resulting solution was swept
for 3 minutes with carbon dioxide, and
the arsenic(V) was determined iodo-
metrically as described above.

Confirmatory experiments demon-
strated that at least 999, of the ar-
senic(V) present was precipitated as
magnesium ammonium arsenate by
this procedure in the absence of thio-
acetamide; the possible effect of thio-
acetamide is discussed below.

Data and Discussion. Qualitative
experiments showed that in solutions
0.3 to 1VF in hydrochleric acid, ar-
seni¢ was precipitated appreciably
faster by thioacetamide than by
saturation with hydrogen sulfide under
the same conditions. A white pre-
cipitate of sulfur was observed first;
the quantity of white sulfur formed be-
fore appearance of any yellow precipi-
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Table lll. Effect of Hydrochloric Acid

Concentration vpon Rate of Reduction of

Arsenic(V) by Thioacetamide (TAA)

(Caleulated constants for the expression —

AV 41 TAAJ[AS(V)IEL*).) Initial con-

centrations. 0.100VF CH,CSNHy, 0.010VF As(V). 0.10VF totalchloride, T = 90° C.
Time,
[HCl], [As(V)],, [A8(V)]e, Interval, k, .
Mole/Liter Mole/Liter Mole/Liter Min. Liter?/Mole® Min.
0.0100 0.010 0.0037 20 50
0.020 0.010 0.0047 10 38
0.040 0.010 0.0040 6 38
0.080 0.010 0.0031 4.5 33
0.100 0.010 0.0036 3 34

]

(4]

H

As{v);(moles/liter)x103

5 10
TIME

Figure 2.
arsenic{V)

Effect of acid concentration on rate of reduction

15 20 25 30
{min)

of

Thioacetamide, 0.100VF; total chloride 0.10VF; 90° C.

Hydrochlaric acid concentrations

Ll abad Mo

tate indicated that the reduction of
arsenic(V) was proceeding to a con-
siderable extent before precipitation of
a sulfide.

On the basis of these observations,
quantitative measurcments were made
to determine the rate and.order of the
reaction involved in the reduction of
arsenic(V) by thioacetamide,

Effect of Hydrogen lon Concentration,
Rate measurements were made on so-
lutions initially 0.0100VF in arsenic-
(V), 0.100VF in thioacetamide, 0.10VF
in chloride ion, and 6.0100 to 0.100VF
in hydrochloric acid. In Figure 2

0.010VF
0.020VF
0.040VF
0.080VF
0.100VF

the arsenic(V) concentration is plotted
logarithmically against the time for
runs at various hydrochloric acid con-
centrations. The linearity of the plots
indicates that the reduction reaction is
first order with respect to the concen-
tration of arsenic(V), and the rate
constants shown in Table IIT indicate
a first-order hydrogen ion dependence.
The range of acid concentrations con-
sidered was extended by qualitative
experiments with solutions from 0.1
to 4VF in hydrochloric acid. 'The time
required for the first appearance of a
yellow sulfide in 0.1¥F hydrochloric



(3]

As (V) , (moles/liter)x 03
H

| |

15 20

TIME({min.)

(Figure 3.
iof reduction of arsenic(V)

Effect of thioacetamide concentration on rafe

¢ Hydrochloric acid, 0.02VF; sodium chloride, 0.08VF; 90° C.

Thioacetamide concentrations

1. 0.025VF
2. 0.050VF
3. 0.100VF
4. 0.200VF

-

Table IV, Effect of Acid Concentration
vpon Time Required for Initial Sulfide
Precipitation at 90° C.

[Initial concentrations. 0.1VF thioacet~
amide, 0.01VF arsenic(V)]

Caled. Observed
HCI Time, Time,
Moles,/Liter Sec.
0.5 36 45
1.0 18 20-30
2.0 9 10-12
4.0 3 5

Table V. Calculated Rate Constants
dfAs(V

[ sg 1 _ Ea[HY]
d[As(V)]

For expressions —

[TAA] [AS(Y)] and

dt
ky{H*] 3 [TAA][As(V)] in solutions hav-
ing pH values from 3.4 to 4.5

pH ka ks
3.4 146 2.9
4.0 358 3.6
4.5 932 5.0

acid at 90° C. was approximately 180

seconds when the initial concentra--

tions of thicacetamide and arsenic(V)
were 0.1VF and 0.01VF, respectively.
If it is assumed that dependence
upon acid concentration is first order,
and that quantitative reduction pre-
cedes sulfide precipitation, estimated
times for the first formation of the
sulfide can be obtained by extrapola-

tion; the extrapolated and observed
values for several acid concentrations
are shown in Table IV, The agreement
indicates a first-order dependence upon
the hydrogen ion activity through this’
range.

Qualitative experiments in the range
pH 3.4 to 4.5 indicated that the de-
pendence of the rate upon the hydrogen
ion concentration was less than first
order. Subsequent quantitative meas-
urements yielded the rate constants
shown in Table V when first-order and
half-order hydrogen ion dependence were
assumed.

A distinet trend is apparent even
with the half-order assumption. A
change in rate is to be expected as the
hydrogen ion concentration is decreased
below about 1072M, since there is a
change in the predominant arsenic(V)
species. The first acid constant of
arsenic acid is given as 5.6 X 10-3 (§);
therefore the calculated ratio of arsenic
acid to dihydrogen arsenate decreases
from about 2 at pH 2 to 0.07 at pH
3.4. No further experiments were made
in this low range of hydrogen ion con-
centrations, as analytically such preci-
pitations are of little importance. At
pH 2 the third-order rate constant is
already above its value at higher acid
concentrations (Table II). This is in
agreement with the above discussion of
the species involved, as at pH 2 about
339, of the arsenic(V) exists as dihydro-
gen arsenate.

Effect of Thi tamide C
In another series of experiments the
1itial concentrations of arsenie(V),
acid, and chloride ion were kept con-
stant while various thioacetamide con-
centrations were used. The results of
these experiments, plotted in Figure
3, again demonstrate the first-order
dependence . of the reaction upon ar-
senic{V) concentration. Calculations
made from the plots, presented in
Table VI, indicate a first-order depend-
ence of the reduction reaction upon
the concentration of thioacetamide.

Mech of Reducti The ap-
parent first-order dependence of the
rate of reduction upon the arsenic(V)

Table VI, Effect of Thicacetamide Concentration upon Rate of Reduction of
Arsenic(V)
Caloulated constants for expression — AAXY 4 (TAA)(As(VIB ). Initial con-
centrations. 0.02VF HCI, 0.010VF As(V), 0.08VF NaCl, T' = 90° C.
k,
[CH;CSNH,], [As(V)14, [A8(V)]y, Time Interval, Liter?/Mole?

Mole/Liter Mole/Liter Mole/Liter Min. Min,
0.025 0.010 0.0062 30 34
0.050 0.010 0.0053 20 32
0.100 0.010 0.0047 10 38
0.200 0.0074 0.0056 2 35
Av. 35
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concentration indicates that the re-
duction of arsenic(V) by thioacetamide
is independent of the rate of hydrolysis
of thicacetamide. Moreover, no yellow
sulfide formed until the measured ar-
senic(V) concentration had dropped to
less than 109, of its original value.
These observations led to experiments
designed to give information regarding
the mechanism of the reduction of
arsenic(V) and its subsequent precipita-
tion,

Rate of arsenic(III) sulfide precipita-
tion corresponds to the rate of hy-
drolysis of the thioacetamide. More-
over, even very slow sweeping of the
solution with an inert gas caused a
decrease in the rate of precipitation of
the sulfide. Thus, it should be pos-
sible to prepare an acid solution which
contains arsenic(IIT}) and thicacet~
amide, heat this to a specified reaction
temperature, sweep it vigorously with
an inert gas to remove hydrogen sul-
fide, and thus prevent precipitation of
the sulfide. Such an experiment was
performed with a solution 0.01VF in
hydrochloric acid, 0.10VF in thio-
acetamide, and 0.01VF in arsenic(III)
at 90° C. No precipitate was ob-
tained in 10 minutes when the solution
was swept with a rapid stream of nifro-
gen, but immediate precipitation oc-
curred when the flow of gas was stopped.

On the other hand, vigorous sweeping
of the reaction solution with nitrogen
should have no effect upon the rate
of reduction of arsenic(V) by thio-
acetamide, if the reduction reaction
depends not upon hydrolysis of the
latter, but upon a direct reaction.
Experiments showed that in solutions
0.02VF in hydrochloric acid, 0.10VF
in thioacetamide, and 0.01VF in ar-
senic(V) the reduction of arsenic(V)
proceeds during the first half of the
reaction at a rate which is independent
of whether or not the solution is swept
with nitrogen. Thus a direct reaction
is indicated.

Effect of Thioarsenic Acids. In the
rate determinations after about half
of the arsenic(V) initially present had
been reduced, the arsenic(V) concen-
tration decreased somewhat more rap-
idly than would be estimated by extrapo-
lation of the straight-line portion of
the semilogarithmic plot. It is recog-
nized that arsenic(V) is reduced to some
extent by hydrogen sulfide in acid
solution (2) and that thioarsenic acids
such as H;AsO;S are formed prior to the
reduction; therefore the possibility
that hydrogen sulfide from hydrolysis
of the thicacetamide reacts with ar-
senie(V) was considered. If thio-
arsenic acids are formed, a significant
difference should be observed in the
rate at which hydrogen sulfide can be
swept from an aeid solution of thio-
acetemide containing arsenic(V) and
that from a solution free of arsenic.
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Table VIl Effect of Hydrogen Sulfide upon Arsenic Acid Solution
Solution A B C
Composition, VF 0.10 TAA= 0.010 As(V) 0.4 CdCl,
0.010 HC] 0.010 HCL 6 NH,OH
Volume, ml. 20.0 20.0 15
Temperature, ° C. 90 &= 2 25 25
Time, Min.
Experiment I 5
2S5 formed (caled), 0.02 mmole
~ Found by analysis, mmole As(V) 0.19 Sulfide 0.01
Experiment 1T 30
H,S formed (caled.), 0.12 mmole
Found by analysis, mmole As(V)0.19 Sulfide 0.08

¢ Thioacetamide.

In experiments with solutions 0.02VF in
hydrochloric acid and 0.10VF in thio-
acetamide, the rate at which hydrogen
sulfide could be removed from the
solution was found to be decreased by
approximately 90% if the solution was
also 0.01VF in arsenic(V). This ob-
servation, coupled with the apparent
increase in the rate of reduction of
arsenic(V) after the rcaction was
about half complete, indicates that
hydrogen sulfide from the hydrolysis
of thioacetamide reacts with the ar-
genic(V) in solution to form complex
thioarsenic acids. This reaction is slow
relative to the direct reaction between
arsenic(V) and thioacetamide during the
first half of the reduction, but becomes
significant as the rate of the direct
reaction decreases because of decreased
arsenic(V) concentration and increased
total hydrogen sulfide concentration.

It appeared of interest to determine
whether the thioarsenic acids, once
formed, would remain as such and
whether during precipitation of mag-
nesium ammonium arscnate the thio-
acid was reconverted to oxygen acid
and sulfide.

Experiments were conducted in which
a slow stream of air was drawn consecu~
tively through three solutions (Table
VII). In each experiment the total
quantity of hydrogen sulfide formed
by hydrolysis was calculated, and the
quantity collected in solution C was
determined iodometrically (6). Thus

the quantity of hydrogen sulfide re-

tained by solution B was obtained by
difference. Immediately after the re-
action was stopped, portions of solution
B were analyzed by the magnesium
ammonium arsenate procedure deseribed
above. In neither experiment was
there a perceptible precipitate in solu-
tion B at the conclusion of the reaction
period, but, in both cages therc. were
precipitates of sulfur in remaining
portions of solution B after approxi-
mately 1 hour. Subsequent boiling
of the solutions did not cause the for-
mation of additional precipitate.

In Experiment I all of the sulfide
produced is accounted for, 0.01 mmole

having passed into solution C and 0.01
mmole retained in B. In Experiment
I1 0.03 mmole of the sulfide produced is
not accounted for in the analyses. A
possible cause of this diserepancy is
the formation of thioarsenic acids
containing more than one atom of
sulfur.

These and previous experiments show
that the rate of formation of the thio-
arsenic acid from hydrogen sulfide is
relatively fast compared to the sub-
sequent decomposition of these acids.
Pentapositive arsenic, present as a
thio compound at the start of a mag-
nesium ammonium arscnafe precipita-
tion, may not be gquantitatively pre-
cipitated.

Effect of Chloride Concentration.
In all the quantitative rate experiments
discussed, the chloride concentration
was maintained at 0.1VF, in order that
variations due to chloride complexes
of arsenic(V) would not cause uncer-
taintics in the results. As a check on
the magnitude of the chloride effect,
a rate determination was made in
chloride-free perchloric acid solution,
initially 0.10VF in thioacetamide,
0.010VF in arsenic(V), and 0.020VF in
perchloric acid. The rate constant
obtained from this experiment was
35 liter? mole ~% min. %, which is in good
agrecment with the values obtained
from experiments made in chloride so-
lutions. This indicates that at the
acid concentration involved, chloride
does not have a significant effect upon
the rate of reduction of arsenic(V) by
thicacetamide.

Effect of Temperature. A single rate
measurement was made at 70° C. to
determine whether the reduction of
arsenic(V) by thicacetamide shows a
normal temperature dependence. The
third-order rate constant obtained at
70° C. is 6.3 which indicates an energy
of activation of about 20 keal. per mole.
This is near the values obtained earlier
in this study for other thicacetamide
reactions.

Analytical Applications. In com-
paring the precipitation of arsenic(V) as
sulfide by hydrogen sulfide and by thio-



acetamide, studies of the former method
(5) have shown that if 50 ml. of solu-
tion, 0.6V F in hydrochloric acid, which
contains 500 mg. of arsenic(V) is heated
almost to boiling, saturated with hydro-
gen sulfide, diluted to 100 ml. and
cooled, resaturated with hydrogen sul-
fide, and heated to 100° C. in a pressure
bottle, quantitative precipitation of
the arsenic will require at least 30
minutes in the pressure bottle.

By contrast it is calculated from the
present study that in 100 ml. of solu-
tion, 0.3VF in hydrochloric acid and
0.5VF in thicacetamide, 500 mg. of
arsenic(V) should be 99.9%, reduced at
90° C. in approximately 1 minute and
that sufficient hydrogen suifide should
be produced to precipitate the arsenic
completely in-about 6 minutes. (This
allows for the loss by volatilization of
10 to 209 of the hydrogen sulfide
from the relatively concentrated thio-
acetamide solution.) In experiments
with a similar solution the arsenic was
completely precipitated after 6 minutes
under the above conditions. The time
would be reduced to about 3 minutes

if a pretreatment in 0.6VF hydrochloric
acid were used.

Thioacetamide has been used at the
California Institute of Technology in a
recently developed system of elemental
analysis as the precipitant for a sulfide
group which included pentapositive
arsenic. Much time is saved by the
change from hydrogen sulfide, and the
method has been consistently satis-
factory in student use.

This investigation has emphasized
again that reactions of thioacetamide
and inorganic ions do not consist only
of hydrolysis to give hydrogen sulfide,
which then reacts with the inorganie
ions. Studies of the reactions of thio-
acetamide with other inorganic ions
are being continued.
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Potentiometric Determination of
Mercaptans in Presence of Elemental Sulfur

'

"1, H. KARCHMER

Humble Oil and Refining Co., Baytown, Tex.

pin the potentiometric titration of
mercaptans in gasoline using alkoholic
silver nitrate, low results and poorly de-
fined titration curves moy be obtained
with samples having a mercaptan—
elemental sulfur ratio greater than
1 to 1, and when the sample remains
in the alkaline alcoholic titration sol-
vent for an appreciable time before
the titration. Experimental results in-
dicate that the poor results can be
attributed to the presence of inorganic
polysulfides whose! formation is related
to the amount of elemental sulfur and
the mercaptan types. Because the
postulated reaction for the formation
of the inorganic polysulfide is pro-
moted by the alkalinity. of the solvent,
a less alkaline solvent was employed
and more accurate results were ob-
tained. The reaction of elemental
sulfur with n-butyl, fert-butyl, and
phenyl mercaptans has been studied
and o probable mechanism for the
steps in this reaction has been postu-
lated. Some evidence is presented
for the existence of the (RSS})— ion,
which is produced as an intermediate
in the reaction.

HE POTENTIOMETRIC METHOD of

Tamele and Ryland (11) for de-
termining mercaptans (thiols) in gaso-
line is accurate, reliable, and uncom-
plicated in absence of elemental sulfur
and hydrogen sulfide. Even in the
presence of these maferials, the de-
termination can still be accurate for
most samples, if the analyst is aware
that certain precautions must be taken.
This paper describes some of the com-
plications encountered when elemesital
sulfur is present and recommends a
slight modification, to minimize these
difficulties.

The original method consists of po-
tentiometrically titrating the sample
dissolved in aleohol, containing 0.1V
sodium acetate to buffer the solution,
with an alcoholic solution of silver ni-

- trate using a silver sulfide indicator elee-

trode vs. a mercury-sodium acetate half
cell. More recently a glass electrode
has been employed as the reference
electrode (8) in place of the mercury—
sodium acetate half cell. BExternal
calomel cells have also been success-
fully used. These cells are electrically
connected to the solution by an agar-

the reduction ofbarsenic(V) and the
precipitation of arsenic(II) by thio-
acetamide.
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saturated potassium nitrate bridge to
avoid contaminating the solution with
chloride ions from the calomel cell.
In the presence of hydrogen sulfide
and/or elemental sulfur erroneous re-
sults may be obtained unless the titra-
tion curve is correctly interpreted.
When hydrogen sulfide is present,
the initial potential between the silver
electrode and the solution is approxi-
mately —0.7 volt (see Figure 1). As
the silver ion is added to the solution,
silver sulfide is precipitated and after
all of the sulfide ion has reacted, the
potential breaks sharply to the voltage
characteristic of the particular mercap-
tan present. This voltage is influenced
largely by the solubility product of the
silver mercaptide in the solvent. For
n-butyl mercaptan it is about —0.35
volt. Upon continued addition of silver
ion to the solution, silver mercaptide
begins to precipitate and finally another
sharp “break” in voltage is observed,
which corresponds to the end point of
the mercaptan fitration.

The presence of hydrogen sulfide
presents no difficulty, as the volume of
silver nitrate used to reach the first
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break in voltage is taken as that re-
quired for the sulfide ion, and the vol-
ume of silver nitrate from that point
to the last break in voltage is taken as
that required for the mercaptan sulfur.
In calculating the sulfide sulfur content,
0.016 is’ taken as the milliequivalent
weight; 0.032 is taken to ealculate the
mereaptan sulfur content. When ele-
mental sulfur is present in the sample
with a mercaptan, a reaction occurs
which is accelerated when the sample
is placed in an alkaline titrating solvent.
One of the products of the reaction is
the sulfide ion, or some material which
reacts with silver ion to yield a sharp
break in potential in the region of the
sulfide break. Thus, when sulfur is
present with the mercaptan, the titra-
tion characteristics of the sample are
the same as though hydrogen sulfide
were present. As the analyst does not
know whether hydrogen sulfide or
elemental sulfur is present, he must
treat the sample to remove one or the
other of these materials before a correct
interpretation of the titration curve
can be made.

Contact with mercury to remove
elemental sulfur is not satisfactory, as
this treatment partially removes the
mercaptans, as shown by Schindler,
Ayers, and Henderson (10). This find-
ing was confirmed in this laboratory.
The other alternative, removal of hydro-
gen sulfide by washing with acidified
cadmium salts (2, 5), has been recom-
mended by Davies and Armstrong (3).

This leaves elemental sulfur in the
sample, which will react with the
mercaptan in the alkaline solvent to
yield two titration breaks. In calculat-
ing the mercaptan content, however,
the first break is ignored and the total
volume of silver nitrate used in titrating
to the second break is employed with
0.032 a8 the milliequivalent weight.

Davies and Armstrong (8), in present-
ing the stoichiometric relationship be-
tween the elemental sulfur and the mer-
captan, postulate the formation of an
intermediate, sodium alkyl disulfide,
which reacts with silver ion to produce
silver sulfide and an organic trisulfide.

28 + 2RSNa— 2RSSNa (1)
2RSSNa + 2Ag* — Az + R (2)

At the first break, the titration corre-
‘sponds to the reaction shown in Equa-
tion 2, while the second break corre-
sponds to the reaction of silver jon
with the remainder of the mercaptan
sulfur.

Ag* + RSH — RSAg + H+*  (3)

This interpretation indicates two facts
of analytical importance: (1) that the
mercaptan content of a sample can be
determined even though elemental sulfur
is present, and (2) that elemental sulfur
itself can be determined by measure-
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Figure 1. Typical titration curve of hydrogen sulfide

and mercaptan with silver nitrate

ment of the first break. In both cases
0.032 is used as the milliequivalent
weight.

In using this method with synthetic
samples of many types it was found
that the mereaptan content in many
cases wag low, and often the first break
did not correlate with the amount of
elemental sulfur present.

Consequently, an investigation was
undertaken to explain some of the
difficulties and to determine the con-
ditions which would yield complete re-
coveries of mercaptans in various types
of refinery samples. The practice of
taking the sum of both breaks to obtain
the mercaptan content is satisfactory
for certain types of samples, but in other
types when the ratio of mercaptan
sulfur to elemental sulfur is less than
1 to 1, the titration must commence
immediately after the sample is placed
in the titration solvent; even after 5
minutes noticeably lower results are
obtained (first part of Table I).

This effect may be largely eliminated
by the use of a more acidic type of
solvent. In the course of this work
there was some experimental evidence
to ‘indicate the existence of the mono-
alkyd disulfide ion, (RSS)~, a8 postu-
lated by Davies and Armstrong (3).
This jon is difficult to detect because
its silver salt decomposes readily, the
ion degrades to yield a sulfide ion
on standing even in air-free systems,
and the potential produced by this jon
vs. the silver sulfide electrode is very
neatly the same as that produced by
the sulfide ion. Consequently, a break
between these is not readily apparent.
The stoichiometry of the reaction of
mercaptide and elemental sulfur is not
always that shown in Equation 2, as
there is a difference in the degree to
which various organic radicals retain
sulfur atoms in forming organic poly-

sulfides. Consequently, the practice
of determining the sulfur content from
the first break should be discouraged,
except under highly controlled condi-
tions, when the type of mercaptan
is known and the mercaptan—elemental
sulfur ratio is high.

METHOD, APPARATUS, AND MATERIALS USED

The procedure followed in carrying
out these determinations was essen-
tially that described by Tamele and
Ryland (71), with the following ex-
ceptions.

A Recordomatic titrator (Precision
Scientific Co.) was used. The silver
sulfide—glass electrode system described
by Lykken and Tuemmler (§) was em-
ployed for most of the experimental
work; in certain cases an external
calomel cell was substituted for the glass
electrode. The exceptions are indicated.
Calomel and glass cells are equal in per-
formance in their application, although
the initial voltages and the magnitude
of the voltage breaks may differ slightly.

The mercaptans used were obtained
from Eastman Kodak Co. (Distillation
Products Industries), White Label
grade. The synthetic blends were pre-
pared by dissolving the mercaptan in
isopropyl alcohol and using the actual
mercaptan sulfur content as obtained
from a potentiometric determination.

In preparing the titration solvents, a
mixture of methanol, isopropyl aleohol,
and benzene was substituted for ethyl
aleohol, originally recommended by
Tamele and Ryland, because this mix-
ture could dissolve larger quantities of
hydrocarbon samples. These materials
were purified by silica gel percolation.
Two titration solvents were used. The
“regular” solvent was prepared by dis-
solving 13.7 grams of sodium acetate
trihydrate in 20 ml, of distilled water
and adding to it & mixture of 400 ml. of
methanol and 400 ml. of isopropyl alco-
hol. Sufficient benzene was added to



Table I.  Effect of Time and Sulfur Content upon Accuracy of Potentiometric Mercaptan Determingtion

Sample .
Merecaptan S Present in Approx.

plus Rhombic Sample, Mg. Ratio,
Sulfur Solvent Mercaptan Elemental SH: g
n-Amyl Regular 2.47 0 Blank

2.47 5.04 1:2

2.47 2.52 1:1

2.47 0.81 3:1
Acidice 2.47 0 Blank

2.47 4.520 1:2

2.47 2.58 1:1

2.47 0.774 3:1
Phenyl  Acidic 3.11 0 Blank

3.11 6.05 1:2

3.1 3.03 1:1

3.11 1.01 3:1
tert-Butyl Acidic 3.25 0 Blank

3.25 6.05 1:2

3.25 3.03 1:1

3.25 1.01 3:1

3.19 12.6 1:4

= Alcoholic 0.01N AgNO,.
& Poor breaks.

" Time,
Min.

Volume of Titrants

Apparent

sulfide

MRONW ONNa DN OO0

BRBC QOO0 00000

POOE HO0O WwRO SHNO

Total Mercaptan
Apparent Found
mercaptan Total Mg, %

7.70 7.70 2.47 100.0
7.41 7.41 2.37 96.0
0 6.32 2.02 82.0
0 4.21 1.35 54.7
0 3.00 0.96 38.9
0 1.69 0.54 21.9
[} 7.7 2.30 93.0
0 6.55 2.10 85.0
0 6.12 1.96 79.4
0 4.59 1.47 59.6
3.18 7.85 2.45 99.3
4.33 7.49 2.40 97.3
2.40 7.46 2.39 96.8
4.44 7.01 2.28 91.0
7.70 - 7.70 2.47 100.0
7.70 7.70 2.47 100.0
0.0 7.72 2.48 100.4
0.0 7.50 2.40 97.2
0.0 7.25 2.33 94.3
0.0 6.50 2.09 84.6
0.0 7.70 2.47 100.0
0.0 7.65 2.45 99.2
0.0 7.35 2.36 95.5
0.0 6.95 2.23 90.3
4.18 7.73 2.48 100.4
5.21 7.72 2.48 100.4
5.04 7.72 2.48 100.4
4.87 7.45 2.40 97.2
9.70 9.70 3.11 100.0
8.92 8.92 2.86 92.0
0.0 9.82 3.15 101.3
0.0 9.63 3.09 99.4
0.0 9.04 2.90 93.2
0.0 8.48 2.72 87.5
0.0 9.88 3.7 101.9
0.0 9.54 3.06 98.4
0.0 9.20 2.95 94.9
0.0 8.48 2.72 87.5
4.70 9.80 3.14 101.0
4.90 9.40 3.01 96.8
4.32 9.20 2.95 94.9
4.58 8.58 2.75 88.4
10.12 10.13 3.25 100.0
10.06 10.09 3.24 99.7
10.19 10.19 3.27 100.6
3.01 10,19 3.27 100.6
3.11 10.05 3.22 99.1
2.95 9.45 3.03 93.2
10.40 10.40 3.33 102.5
6.15 10.20 3.27 100.6
6.25 16.10 3.24 99.7
6.26 9.94 3.19 95.7
10.32 10.32 3.31 101.8
10.18 10.18 3.26 100.3
9.60 10.10 3.24 99.7
8.91 9.93 3.18 97.8
0 9.77 3.13 98.2
0 9.71 3.11 97.5
0 9.65 3.09 96.9
0 8.44 2.71 84.8
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bring volume to 1 liter. The “acidic”
solvent was prepared by dissolving 13.7
grams of sodium acetate trihydrate and
6 ml. of glacial acetic acid in 500 ml. of
methanol and diluting to 1 liter with
benzene. Although isopropyl alcohol
and 5 small amount of water were used
in the regular solvent employed in this
particular study, these are not essential
and a simple regular solvent of meth-
anol, benzene, and sodium acetate
would be equivalent.

TITRATION OF MERCAPTANS IN PRESENCE OF
ELEMENTAL SULFUR

The first series of experiments was
designed to establish a base case and
to demonstrate the difficulties that may
arise under extreme conditions with
the alkaline (regular) solvent. In this
experiment, a series of synthetic samples
was prepared containing n-amyl mer-
captan and elemental sulfur in different
mole ratios. A portion of each of these
blends was dissolved in the alkaline
titration solvent and titrated 5, 30,
60, and 120 minutes after being put
into solution (first portion of Table I).
The volume of silver nitrate required to
reach the first and last breaks are
shown together with the total mercap-
tan recovery as caleulated by taking
the total silver nitrate titer and using
0.032 as the milliequivalent weight.
As the ratio of elemental sulfur to
mercaptan sulfur and the length of time
of standing in the alkaline titration
solvent increase, the poorer are the
recoveries. As long as elemental sulfur
was equal to or greater than the mer-
captan sulfur content, all of the titratable
material was found at the sulfide break.
When mercaptan sulfur was in excess,

_two breaks were obtained. In the solu-
tions exposed to air the correlation of
the first break with the amount of ele-
mental sulfur appears to be erratic.

After a series of preliminary experi-
ments it was observed that the poor
results were related in some way to the
alkalinity of the solution. It was then
decided to employ a less basic solvent
to carry out the titration. It could
not be too acidic because of the possibil-
ity of losing the mercaptans of low
molecular weight or increasing the solu-
bility of the silver mercaptides. The
solvent selected was the same as used
in the polarographic determination of
elemental sulfur and other sulfur com-
pounds (?) whose preparation has been
deseribed.

Varicus blends of the three different
types of mercaptans with clemental
sulfur were prepared, which wvaried
from a mercaptan sulfur-elemental sul-
fur ratio of 1:4 to 3:1. Portions of
each of these blends were placed in the
acidic titrating solvent and the titra-
tion was started 5, 30, 60, and 120
minutes after the addition of the sample
to the solvent. The volumes of 0.01N
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Table Il. Reaction of Sedium Sulfide and Elemental Sulfur in Alkaline Solvent
Solvent, Regular
Sample. Sodium sulfide and rhombie sulfur added to 100 ml. of titration solvent
Sample Composition, Mg. Reaction
Sulfide Elemental Time, _ Sulfide Sulfur Found
sulfur sulfur Min. Mg. %
2.24 0] 5 2.24 100
120 2.17 96.9
2.24 2.52 5 1.28 57.1
30 0.70 31.2
60 0.59 26.3
120 0.32 14.3

silver nitrate solution required to reach
both the first and last break were re-
corded. The mercaptans employed in
this series were n-amyl mercaptan,
phenyl mercaptan, and tert-butyl mer-
captan.

From these data shown in Table I
it may be seen that the acidic solvent
minimizes the errors obtained even
under the drastic conditions of high ele-
mental sulfur content and exposure to
air oxidation. Although the acidic
solvent gives better results for the mer-
captan content, it is not recommended
in determining elemental sulfur.

The foregoing experiments were car-
ried out in open fitration vessels, be-
cause open vessel titrations are com-
monly employed in many service lab-
oratories. Initially, it was thought
that the poor recoveries were entirely
due to the oxidation of sodium sulfide to
sodium polysulfide and sodium thio-
sulfate. These latter two materials
also titrate with silver nitrate in the
regular solvent but yicld poorly defined
curves which may confuse the interpre-
tation. Furthermore, sodium poly-
sulfide does not react with silver nitrate
in the same stoichiometric ratio as does
sodium sulfide. This was illustrated
by titrating a freshly prepared solution
of sodium sulfide with silver nitrate in
the regular solvent and comparing the
results with those obtained when the
same solution with added sulfur (1 to 1
mole ratio) was titrated 5, 30, 60, and
120 minutes after standing. Table II
shows that in presence of elcmental
sulfur the sulfide recovery is low and
becomes lower as time of standing
increases.

TITRATION IN ABSENCE OF AIR

In order to determine whether oxida-
tion was the only cause of the poor
recoveries, a series of experiments was
conducted under air-free conditions.
As may be seen in Table ITI, even in
the absence of air, the mercaptan re-
coveries are low when an excess of sul-
fur is present and losses become greater
as the length of time increases. The
losses in air however, were greater.

‘While the elimination of air from the
titration did not produce complete re-
coveries, it minimized the formation of

Table lll. Effect of Exclusion of Air upon
Potentiometric Determination of
Mercaptan

Titration solvent. Regular, 50-50 volume
9%, isopropyl alcohol-benzene made 0.1V
with sodium acetate

Sample. 3.975 mg. of n-amyl mercaptan
sulfur - 8.028 mg. of rhombic sulfur
(approximate ratio SH:8 = 1:2)

Solutions blown with nitrogen before mix-
ing and blanketed after mixing and dur-
ing storage period

Time of  Mercaptan Recovered, %
Standing, In In
Min. aire nitrogen
5 82.0 90.0
30 54.7 83.1
60 38.9 75.7
120 21.9 69.7

@ Data taken from Table I.

sodium polysulfide and sodium ‘thio-
sulfate and hence allowed more infor-
mation to be obtained from the titra-
tion ecurves. Sodium polysulfide and
sodium thiosulfate produce a series of
breaks in both titration solvents which
obscure other end points and make
interpretations of the intermediate por-
tions (as reported in Table I) of the
titration curve extremely doubtful.

Synthetic solutions of a mercaptan
and elemental sulfur (3 to 1 mole ratio)
were prepared in a nitrogen atmosphere
and allowed to stand in the regular sol-
vent for &, 80, 60, and 120 minutes
before titration under a nifrogen blan-
ket. The compounds used were phenyl,
n-butyl, and tert-butyl mercaptans
(TableIV). InFigure 2 titration curves
for only the fert-butyl mercaptan mix-
tures arc shown. The titration breaks
of the remaining two mercaptans, while
showing similar characteristics, were
not as well defined as ferf-butyl mer-
captan. The lack of resolution of
these curves is probably due to the
presence of the polysulfide ion, which
can form in this solution even in ab-
sence of air.

From Figure 2 it-may be secn that the
S-minute titration curve possessed only
two breaks; one with an end point in
the vicinity of —0.43 volt and the other
at —0.05 volt. On standing 30 min-
utes an additional break is visible at



Table IV, Effect of Mercaptan Type and Storage Time upon Accuracy of Potentiometric Mercaptan Determination
Alr-free system
Regular titration solvent
AgsS-ext. calomel electrodes
Approximate mercaptan—elemental sulfur ratio, 3:1
: Length of Volume of 0.01N AgNQ, M. to Titrate Total Sulfur Found
, Standing, 1 2 3 4 5
Sample Ain. (8)—- (RSS)—= 142 (RS)- 3+4 Mg. %
tCSH < 8¢ 3 0.00 3.23 3.23 10.46 13.69 4.39 99.3
4.42 mg. mercaptan sulfur 30 0.36 2.58 2.94 10.76 13.70 4.39 99.3
1.535 mg. elemental sulfur 60 0.80 1.60 2.40 10.90 13.30 4.26 96.5
120 1.02 0.90 1.92 11.03 12.95 4.15 93.9
nCSH + 8° 5 0.00 5.78 5.78 9.76 15.54 4.98 99.6
(5.00 mg. mercaptan sulfur 30 2.15% 3.67 5.82 9.99 15.81 5.06 101.2
1.616 mg. elemental sulfur 60 3 300 2.38 5.68 9.27 14.95 4.79 95.9
) 120 4.308 1.72 6.02 8.98 15.00 4.81 96.1
¢SH + 8° 5 ¢ ¢ 11.556 7.30 18.85 6.04 97.8
(6.18 mg. mercaptan sulfur 30 ¢ . 12.03 5.27 17.30 5.54 89.7
2.048 mg. elemental sulfur 60 7.52 2.48 10.00 6.24 16.24 5.20 84.2
120 7.02 2.29 9.31 6.92 16.23 5.20 84.2

= Material titrated by intermediate break, postulated to be (RSS)—.
b Poor break, making values for (8)~~ and (RSS)~ somewhat doubtful.
¢ Very poor break, making values for (8)~~ and (R88)~ unreliable.
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Figure 2. Titration curve of tert-butyl mercaptan in presence of sulfur

Regular titration solvent

Sitver sulfide—calomel elecirodes

Titrant, 0.001N silver nitrate
Mercaptan—elemental sulfur ratio, 3 to 1

In absence of air

—0.57 volt; at 60 minutes the material,
causing the break which oceurs at about
—0.57 volt, has increased, and at 120
minutes its concentration has increased
still further, Concurrent to this change
the concentration 'of the material
causing the second break (approximately
—0.43 volt) is decreasing, This same
trend may be observed in the data
(Table IV) for the other two mercap-~
tans. '

In order to determine if the sulfide
ion were involved -in this change,
a portion of the fert-butyl mercaptan
and sulfur mixture that had been al-
lowed to stand 120 minutes was purged
‘with nitrogen for 10 minutes and
hydrogen sulfide was. identified in the

effluent. The titration curve of this
purged sample reflected a substantial
lowering of the titer required to reach
the first break. Purging of a portion
of the sample that had only stood 5
minutes revealed no significant loss of
hydrogen sulfide and no essential change
in the amount of titer to reach the break
at —0.43 volt. It thus appears that
the first break is caused by the presence
of sulfide ion and the intermediate break
is caused by some compound which
cannot be removed from the solution
by 10-minute nitrogen blowing. The
sulfide was not present immediately,
but required some time to form.
These facts tend to support the Davies
and Armstrong (3) postulation that

sulfur plus a mercaptide yields (RSS)—,
and to indicate that this (BSS)~ ion
will decompose to a sulfide on standing
even in absence of air.

INTERPRETATION OF EXPERIMENTAL RESULTS

Chemistry Involved. Not too much
is definitely known about the reaction
of elemental sulfur and mercaptans in
an alkaline solution. In a comprehen-
sive review of the chemistry of mer-
captans, all that Malisoff, Marks, and
Hess (9) have to say about it is that
the reaction is “surmised’ to be

2 RSH 4 28 — RS - H,S (4

Faragher, Morrell, and Monroe (5)
note that elemental sulfur, mercaptans,
and sodium hydroxide react to form
sodium sulfide and an organic disul-
fide. Holmberg (6) states that ethyl
mercaptan dissolved in an alkaline solu-
tion produces ethyl disulfide when sulfur
is added.

The reaction presented by Davies
and Armistrong (Equations 1 and 2) is
of interest, as it can serve as a starting
point to interpret certain experimental
observations herein reported.

Equation 1 may be written in the

ionic form
(RS)~ + 8° — (RSS)- (1

This ion may react with silver ion to
form the unstable silver compound

(RSS)- + Agt — AgSSR (3)
which decomposes
2 AgSSR — Ag:S + RSSSR (6)

The sum of Equations 1/, 5, and 6 is
2(RS)~ 4 28° + 2Ag+ —
AgS 4+ RSSSR  (7)
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which is identical with the sum of Equa-
tions 1 and 2.

However, if a solution is allowed to
stand (without the silver ion and in
absence of air) sulfide ions are produced,
as was shown experimentally. This
reaction could be represented

2(R88)~ — (8)~~ + RSSSR (8)

As shown experimentally (Table II),
this sulfide ion could combine with ele-
mental sulfur

(8)~— + 8%~ (88)~~ [€))]

to form a polysulfide ion (disulfide jon
in this case) and if there is a sufficient
excess of elemental sulfur the trisulfide
or tetrasulfide ion probably forms. It
is not known which of the polysulfide
ions, (88)—, (888)~—, or (S888)~,
yields poorer recoveries. Presumably
the poorer recoveries are associated with
the higher polysulfides, and each ionic
specie could yield a slightly different
titration break with silver ion.

Another mechanism by which the ex-
istence of polysulfide ions in the mix-
tures can be postulated is as follows.
The monoalkyl disulfide ion, (RSS)-,
may be able to add elemental sulfur
to form a monoalkyl trisulfide ion

(BRSS)~ + 8° — (RSSS)~  (10)

This material on standing could de-
compose

(RES8)~ — (88)=~ + (RS)*  (11)

The (RS)* could combine with some
of the negative ions

(RS)* + (RSS)- — RSSSR (12)

These mechanisms are largely specu-
lative, as there is no physical evidence
proving the existence of the (RS)*+
and (RSS)~ ions. However, some ex-
perimental data support the validity
of Equations 7 and 8, as polarograms
of mercaptan sulfur and elemental sul-
fur obtained with the acidie solvent
indicated the presence of organic pely-
sulfides. A trisulfide was actually iden-
tified as the product in Equation 7,
using the polarographic techniques de-
seribed by Karchmer and Walker (7),
when n-butyl mercaptan and elemental
sulfur were used.

These equations indicate possible
routes by which polysulfide ions could
form in the solutions, as it was shown
that the presence of polysulfide ions
is related to the poor recoveries. In
the presence of air the polysulfide would
further oxidize to thiosulfate and eom-
plicate the titration still more.

Equation 9 is accelerated in presence
of a bade; hence in the more acidic
golvent, one may expect a decrease in
the amotint of polysulfide ion produced,
which is consigtent with the fact that
in the acidic solvent better recoveries
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are obtained. By analogy the reac-
tion shown in Equation 10 could be
minimized in the acidic solvent,

In order to determine whether the
existence of polysulfide ions was de-
pendent upon the presence of mercap-
tans, elemental sulfur without any
mercaptan was allowed to stand in the
regular solvent 5, 30, 60, and 120
minutes before titration with silver
nitrate. Although a discoloration of
the solution wasg observed after the
addition of a small amount of silver
nitrate, the potential observed in all
cases was lower than +0.2 volt, which
is more positive than the final potential

obtained for the mercaptan titration. .

Thus in 2 hours the reaction of the
elemental sulfur with the regular solvent
would not be a significant factor. The
results of this experiment were essen-
tially the same when it was repeated in
presence of ammonium hydroxide which
was added to minimize the formation of
silver oxide.

Effect of Organic Substituent of
Mercaptans. In this work there was
some experimental evidence of differ-
ences in the behavior of the various
mercaptans. It was suspected that
the stoichiometry of the reaction
shown in Equation 7 may not be the
same for all mercaptan types. For
example, Eby (4) showed that tertiary
mercaptans could form stable tetra-
sulfides in presence of an alkaline sul-
fide solution, whereas n-butyl tetrasul-
fide was less stable. Work by Karch-
mer and Walker (7) and Birch, Cullum,
and Dean (7) has indicated & difference
in the degree to which various organic
radicals in polysulfides retain sulfur
atoms. Thus the end product in Equa-
tion 7 would not necessarily be a tri-
sulfide and the amount of sulfur con-
sumed could be more or less than in-
dicated. When R is a normal alkyl,
Equation 7 is essentially correct and the
organie trisulfide is formed; however,
when R is a tertiary alkyl group, such
as fert-amyl or fert-butyl, the reaction
could be

2(1C8)~ + 38° + 2Ag* —
ICSSSRC, + AzS  (13)

when R is a phenyl group the over-all
reaction may be

2(58)~ + 8° + 2Ag* —
#88s + AgS (14)
This i8 supported by data in Table IV,

which show that when a 3 to 1 ratio of
tert-butyl mertaptan sulfur to elemen-

tal sulfur is used, the amount of un-.

reacted mercaptan present (after 5
minutes) equals 76.5% (10.46 ml. out
of a total of 13.69 ml. of silver nitrate
used). According to Equation 13, when
9 moles of mereaptan are used with 3

moles of elemental sulfur, only 2 moles
of the mercaptan should be converted
to a sulfide, leaving 7/y or 77.8%, of
mercaptan unreacted, which is in close
agreement with the experimental data.
With n-amyl mercaptan, which reacts
as shown in Equation 7, 1 mole of mer-
captan should react with 1 mole of
elemental sulfur; thus at a 3 to 1
mercaptan—elemental sulfur ratio, 2
of the 3 moles of mercaptan should be
unreacted for a theoretical 66.7%.
From Table IV it may be computed
that at the end of 5 minutes, 9.76/15.54
or 62.8%, of mercaptans remained. By
this same line of reasoning the amount
of excess phenyl mercaptan sulfur
remaining when 3 fo 1 mixtures are
used should be 1 mole out of 3 or 33.4%,
according to Equation 14. The data in
Table IV for phenyl mercaptan indi-
cate that 7.30/18.85 or 38.89, of un-
reacted mercaptan sulfur was present
at the end of 5 minutes. While the
agreements in the latter two cases
were not as good as that obtained with
the tert-butyl mercaptan, the trend is
nevertheless apparent.

From the differences in the observed
reactions of elemental sulfur with vari-
ous mercaptans certain deductions may
be made. As di-fert-butyl tetrasulfide
is a reasonably stable compound, its
formation uses the excess elemental
sulfur which would otherwise promote
the formation of inorganic polysulfides
deleterious to the titration. As the
di-n-butyl tetrasulfide is less stable
than the di-n-butyl trisulfide and the
diphenyl trisulfide is less stable than the
diphenyl disulfide, increasing amounts
of inorganic polysulfides may form with
the same mercaptan to elemental sulfur
ratio as one progresses from ferf-butyl
to n-butyl to phenyl. It would also
follow that the so-called unstable organic
polysulfides could react with other mer-
captans.

CONCLUSION

In the potentiometric titration of
mercaptan sulfur with silver nitrate
using the regular solvent (alcohol-
benzene containing sodium acetate) the
presence of elemental sulfur in the
sample in a mole ratio greater than 1
to 1 causes low results if the sample
remains for significant periods of time
in the titration solvent before the titra-
tion is begun. It is believed that the
alkalinity promotes the formation of
inorganic polysulfides which cause the
low results and poorly defined titration
curves. In presence of air the deleteri-
ous effects produced by excessive
amounts of sulfur are accentuated.
The behavior of several mercaptans in
the presence of elemental sulfur has been
studied in a more acidic solvent and it
was shown that reasonable recoveries
could be obtained even in presence.of



air under rather extreme conditions of
sulfur content and times of standing.

The routine use of this acidic-type
solvent is recommended only for mer-
captan samples known to contain a
relatively large amount of elemental
sulfur, For samples containing little
or no elemental sulfur the regular titra-
tion solvent may be satisfactorily
used. In fact, the use of the more basic
golvent is ma,nda,tory when it is desired
to determine both hydrogen sulfide
and’' mercaptans on a sample which
does not contain elemental sulfur. It
is recommended that a nitrogen blanket
be used with both solvents as a pre-
cautionary measure.

In the experimental studies there were
indications that the initial product of
the :reaction of eclemental sulfur and
mercaptan sulfur was the moncalkyl
disulfide ion, (RSS)—, which decom-
posed to the sulfide ion on standing.

Additional standing time in presence of
excess elemental sulfur promoted the
formation of inorganic polysulfides.

~In studies showing the effect of the

organic substituent groups of the mer-
captan it was indicated that phenyl,
n-butyl, and fert-butyl groups tended
to form decreasing amounts of inorganic
polysulfides in that order.
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Quantitative Infrared Analysis of Apatite Mixtures

ROBERT B. FISCHER and CHARLES E. RING!

Department of Chemistry, Indiana University, Bloomington, Ind.

P The quantitative determination of
fluorapatite in hydroxyapatite is dif-
ficult, if not impossible, by conven-
tional chemical and even crystallo-
graphic methods. Two infrared meth-
ods' for accomplishing this determina-
tion_ involve spectrul differences in the
16- to 18-micron region. One em-
ploys a base-line technique, and the
other is an area-measurement method.
The, two methods yield results’ with
average errors of 1.5 and 1.2% flu-
orapatite in the sample, respectively.

me the innovation of the pressed
disk - technique simultaneously
by Stimson and O’Donnell (8) and
Schiedt and Reinwein (7), a new ap-
proach to the infrared study of solids
was opened. Nujol had formerly been
used as the common mulling agent,
but it is seldom satisfactory for quan-
titative work. However, quantitative
work may be more feasible with the
newer pressed disk technique.

Infrared spectrophotometry has been
applied to the study of apatites in a few
instances. Posner and Duyckaerts (6),
Pobeguin (5), and Underwood, Tori-
bara, and Newman (/0) have studied
bone and tooth enamels, which con-

1 Present address, Minnesota Mining

and Manufacturing Co., Minneapolis,
Mian.,

sist in large part of apatites, but with
particular emphasis upon the carbon-
ate content. The spectra of a variety
of compounds containing combined
phosphorus and calcium or magnesium
have been studied in the 2- to 15-micron
range by several investigators (/-4).
These studies have led to the identi-
fication of certain absorption bands as
due to P-O, P-OH, P-F, and P-Cl link-
ages. However, the 15- to 24-micron
range has not been investigated for
bands due to these compounds and
linkages.

In conjunction with some studies of
the effects of fluoride treatment upon
the structure of dental enamel, it be-
came desirable to devise a quantita-
tive procedure for the analysis of apa-
tite mixtures. Of particular interest is
the determination of fluorapatite in the
presence of dental enamel, which is
essentially hydroxyapatite. This de-
termination is difficult, if not impossible,
by conventional chemical methods;
it is not expected that any crystallo-
graphic method could possibly detect

less than 17% fluorapatite in dental °

enamel (9). This paper presents a
quantitative infrared method for the
determination of fluorapatite in the
presence of hydroxyapatite.

EXPERIMENTAL METHODS
A Perkin-Elmer Model 21 infrared

spectrophotometer was used with
sodium chloride and potassium bromide
prism interchange units to provide eom-
plete coverage of the 2- to 24-micron
region, All but preliminary work was
done in the “KBr region” Il to 24
microns. Pressed disk specimens, about
1 X /4 inch, were formed in a home-
made evacuatable die under a pressure
corresponding to 40,000 pounds per
square inch. Potassium iodide was used
as the matrix material rather than the
more conventional potassium bromide,
because the former has an index of re-
fraction closer to that of the apatites
and it absorbs water less readily.

Standard samples were prepared with
known amounts of the two apatites.
The fluorapatite was a naturally occur-
ring one. The hydroxyapatite was actu-
ally powdered dental enamel, which may
have contained a slight trace of fluor-
apatite, but this material may be con-
sidered to be hydroxyapatite in studying
the portions of the infrared spectra in-
cluded in all figures in this paper. Each
synthetic mixture was ground in an
agate mortar for 1 or 2 hours and then
mixed with previously ground and dried
potassium iodide for a few minutes’ fur-
ther grinding. Each sample contained
0.8 mg. of the apatite mixture and 40
mg,. of potassium iodide,

The apparent transmittance of each
sample was normally low, but it was in-
creased adequately without noticeably
enhancing random noise by placing a
gletal screen in the path of the reference

eam.
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EXPERIMENTAL RESULTS

Spectra. Preliminary study of the
complete infrared absorption spectra
from 2 to 24 mierons revealed that the
best possibility for basing an analytical
determination lay in the longer wave
length region. Absorption spectra of
the fluorapatite and the hydroxyapa-
tite in the “KBr region” are shown in
Figure 1. In Figure 2 are shown,
expanded and superimposed, the 16- to
18-micron portions of both spectra.
It appears that the substances may be
distinguished from each other by the
shift of the 17.5-micron fluorapatite
band to 17.8 microns for hydroxyapatite,
with an accompanying difference in the
relative shapes of the 16.6- and 17.5
to 17.8-micron bands.

Base-Line Method. On a double-
beam instrument, the effect of random
scattering by the specimen is not
cancelled out, so the transmittance
apart from specific absorbances of the
sample does not equal 100%. In the
base-line technique, which is intended
to correct for this scattering effect,
absorbances are measured from a line
connecting the transmittances on both
sides of the absorption band to be
measured, Figure 3. The absorbance,
A, at any particular wave length is
related to the indicated quantities,
I and Iy, by the equation,

A =10g§°

Twenty-one synthetic mixtures con-
taining from 0 to 1009, fluorapatite were
prepared, and their spectra were ob-
tained in this region. The absorbances
were measured at 17.8 and 16.6 microns,
and the ratio of absorbances was plotted
against composition of the sample
(Figure 4). Considering the error of
each sample as the difference between
its known per cent fluorapatite and its
per cent fluorapatite as read from this
calibration curve, the average error
is about 1.5%, fluorapatite in the sample.
Other ratios were calculated of absorb-
ances measured at other wave lengths
in this region. Some provided results
as good as the ratio used in Figure 4,
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14 others were worse, but none were better.
This base-line method is empirical, but
| it makes possible the determination of
2 fluorapatite in the presence of hydroxy-
apatite (dental enamel) with an average
10 9 error of about 1.5% fluorapatite in the
© \ sample. Pure fluorapatite is only about
2oel 3.8 weight 7 fluoride, and the data of
J- Figure 4 and clsewhere in this paper are
; expressed as per cent fluorapatite, not
< 08F as per cent fluoride.
Area-Measurement Method. When
ot an attempt was made to use the base-
° 20 40 60 8 100 line method for samples containing
% FLUORAPATITE calcium fluoride along with the apa-
Figure 4. Calibration curve for tites, considerable difficulty was en-
base-line method countered. Calcium fluoride exhibits
100
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Figure 5. Spectrum showing areas for

area-measurement method
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Figure 6. Calibration curve for area-measurement method

a very broad absorption band which
overlaps this portion of the spectrum
sufficiently to make it impossible to
locate the base line. Therefore, it
became necessary to devise another
quantitative method not requiring lo-
cation of the base line. A method
based upon area measurement was de-
vised.

In Figure 5 are shown superimposed
spectra from 16 to 19 microns of
fluorapatite and hydroxyapatite (dental
enamel). A horizontal line iz drawn
tangent to the intersection of the 16.6-
and 17.5- to 17.8-micron bands, and the
two enclosed areas are marked 4 and
B. It is evident that the ratio of B to
A decreases as the ratio of fluorapa-
tite to hydroxyapatite increases.

Spectra were obtained of synthetic
apatite mixtures, from which areas
A and B were measured with a compen-
sating polarimeter. The observed
ratios of B to A are plotted against per-
centage fluorapatite in the mixture in
Figure 6. The average deviation of
repeated measurements on a given disk
was found to correspond to 0.8% fluor-
apatite in the sample. From the data
on the known samples and the composi-
tions as read on the calibration -curve,
the average error for a fluorapatite
determination is found to be about 1.29,
fluorapatite in the sample. '

In the course of this work, many data
were collected to check the reproduci-
bility at each step in the procedure,
including (I) preparation of replicate
powdered mixtures; (2) preparation of
replicate disks from a given powdered
mixture; and (3) preparation of repli-
cate spectra from a given disk. Under
the conditions used, both steps 2 and
3 seemed to limit the accuracy of the
over-all method. With improved ap-
paratus for pressing the disks, perhaps
only step 3 would remain as the limiting
factor.

CONCLUSIONS

Two infrared procedures for the de-
termination of fluorapatite in hydroxy-
apatite are based upon spectral dif-
ferences in the 16- to 18-micron region.
In the base-line method, the average
error is about 1.56% fluorapatite in the
sample. Individual wave lengths must
be located accurately, and the method
fails if any additional component is
present which makes location of the
base line difficult. In the area-meas-
urement method, the average error is
about 1.2%, fluorapatite in the sample.
More time is required than in the other
method, but this one does not require '
accurately locating either wave lengths
or base line. Empirical calibration is
required, with fixed instrumental opera~
ting conditions, in both methods. The
accuracy of each method is far better
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than that of any other method which
has been reported for this determination.
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Thiosulfate by a Clock Reaction

J. B. RISK and J. D. H. STRICKLAND!

British Columbia Research Council, Yancouver 8, B. C., Can.

P The oxidation of p-phenylenedi-
amine by ferric chloride (with the for-
mation of Lauth's viclet in the presence
of ;sulfide) is inhibited by the presence
of thiosulfate. A well-marked induc-
tion period results which is propor-
tional to the amount of thiosulfate
present, This clock reaction is almost
specific for thiosulfate and can be
used as a rapid and precise analytical
method for small quantities of thio-
sulfate in the presence of other sulfur
acids. An example is given of its
application to the analysis of black
liquor from kraft sulfate pulp.

HE FORMATION of Lauth’s violet or

methylene blue by treating sulfide
solutions in acid with ferric chloride and
p-phenylenediamine, or the N ,N’-di-
methyl derivative thercof, is the basis of
an cstablished method for the absorptio-
metric determination of traces of sulfide
(1-3). When a ferric salt is added to a
mixture of p-phenylenediamine and sul-
fide, a blue color appears at once or, if
sulfide is absent, the solution rapidly be-
comes orange-yellow, Experiments in
these laboratories showed that the pres-
ence of even traces of thiosulfate in the
solution delayed the formation of color,
either orange or blue, and that the color
finally appeared with great rapidity
after an induction period of as much as
0.5 hour or more, thus giving a beautiful
clock reaction with a well-defined end
point. As the induction period was a
function of the thiosulfate concentra-
tion, the use of the reaction as an analy-

1 Present address, Pacific Oceanographic
Group, Fisheries Research Board of
Canada, P.O. Drawer 6, Nanaimo, B. C.,

an.
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tical procedure became apparent. Nor-
mally such a technique would have little
to recommend it, but in view of the
formidable analytical difficulties en-
countered in the precise and rapid deter-
mination of small quantities of thiosul-
fate in the presence of most other sub-
stances, the method was further inves-
tigated.

In the course of a study, which is not
to be reported here in detail, it became
clear that the oxidation of p-phenylene-
diamine by ferric iron proceeds by a
chain reaction mechanism for which the
thiosulfate acts as a chain breaker. The
comparatively slow direct reaction of
p-phenylenediamine with ferric ions
takes place in the presence of thiosul-
furie acid until the free radical first
formed has used up the thiosulfate, after
which the chain reaction sets in and all

(9) Trautz, O. R., Norélco Repir. 2, 19
19556

(10) Underwo.od, A L, Toribara, T. Y.,
Newman, W. F., J. Am. Chem. Soc.
77, 317 (1955).
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Accepted November 23, 1956. Study sup-
ported by the Medical Research and De-
velopment Board, Office of the Surgeon
General, Department of the Army, under
contract DA-49-007-MD-238,
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the remaining amine is oxidized in a
comparatively few seconds. Hydrogen
sulfide is without effect on the course of
this reaction, but, if present, the deep
blue Lauth’s violet dye appears as an
end product and greatly improves the
detection of the onset of the chain reac-
tion. This can then be observed with a
precision of better than 1 second after
an induction period of many minutes.
The induction period is a complex
function of reagent concentrations and
is sensitive to temperature. A wide
variety of conditions can be used as the
basis of an analytical method; the
general illustration of the effect of vari-
ables given here enables the analyst to
choose conditions suitable for any par-
ticular problem. A full description is
given of one possible procedure which
is considered about the optimum for a
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Figure 1. Calibration curve for sodium thiosulfate determination
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general analytical method and which
has been applied to the analysis of black
liquor from kraft sulfate pulp.

SUGGESTED METHOD

Reagents. Base ELECTROLYTE.
Dissolve 40 grams of sodium chloride
in water, add 30.0 ml. of concentrated
hydrochloric acid, (specific gravity,
1.18), and dilute to 1 liter.

p-PHENYLENEDIAMINE SoLuTION.
This chemical should be recrystallized
once from ethyl aleohol if dark colored.
Dilute 2.5 grams of amine and 6.0 ml.
of concentrated hydrochloric acid to 100
ml. with water.

Frrrie CHLORIDE SovnurioN. Pre-
pare as:a 4.09 solution in water, using
a good quality of anhydrous ferrie
chloride,

HYDROGEN SULFIDE SOLUTION. Pre-
pare a saturated aqueous solution fresh
daily.

Procedure. The bottles containing
the reagents were allowed to come to
temperature in a water bath thermo-
stated at 25° =0.5° C. The clock
reaction was carried out in a 100-ml.
beaker which was placed on a white
tile in the water bath. Base electro-
lyte, 25.0 ml., was added to the beaker
followed by the sample dissolved in z
ml. of water. The pH of the sample
solution, unless initially neutral and
unbuffered, was first adjusted to about
pH 3.3 to 3.6 using xylene cyanol
sereened methyl orange (gray tint).
Next 1.00 ml. of p-phenylenediamine
solution was added from a pipet, fol-
lowed by (23—z) ml. of water and 1 to 2
drops of hydrogen sulfide solution. The
solution;y was stirred and allowed to
reach a:constant temperature between
24° and 26° C., which was noted to
0.1° C. by a thermometer graduated
in 0.1° C., with the bulb immersed in

the solution in the beaker. By blow-
ing from a calibrated pipet, 1.00 ml. of
ferric chloride solution was rapidly
added to the beaker. The solutions
were mixed and a stop watch was
started. The induction period, I,
seconds, was then recorded as the time
from adding the ferric solution to the
moment when the blue color rapidly
appeared. This time was corrected to
25.0° C.by the formula

Iy = I[1 — 0.14 (25—1¢)]

which applied accurately for temper-
atures, ¢° C., not more than 0.5° to
1° C. removed from 25.0° C.

The amount of thiosulfate was then
read from a calibration curve (such
as Figure 1) prepared by using standard
sodium thiosulfate solutions. To elimi-
nate the necessity for exact reproduci-
bility of reagent and base electrolyte
solution concentrations, it is best to
recalibrate each time new solutions
are prepared. This need not be done
at all thiosulfate levels, however, as the
percentage change in induction time
found at one level of thiosulfate con-
centration applies at all others. Once
this is determined at a suitable level
the whole curve may be reconstructed
by calculation.

EFFECT OF VARIABLES

Amine and Ferric Ion Concentra-
tions. Figure 2 is a plot of the ap-
parent rate of thiosulfate destruction
vs. the molarity of p-phenylenediamine,
with all other variables held constant at
the values shown. If the thiosulfate
were used up at a uniforma speed, the
rate would be given by the concentra-
tion of thiosulfate ion divided by the
induction time. There is reason to be-
lieve, however, that the reaction does
not necessarily proceed at a uniform
velocity throughout the induction pe-
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riod, so the term apparent rate is used.
The data in Figure 2, plotted on a log-
log scale, show that the rate varies with
the first power of the p-phenylenedia-
mine concentration.

Figure 2 also shows the effect of ferric
ion concentration when the amine con-
centration is held constant. Here the
rate is proportional to the oxidant con-
centration raised to a power signifi-
cantly greater than unity. An increase
in either amine or ferric ion concentra-
tion decreases the induction period ob-
served with a given amount of thiosul-
fate.

Acid Concentration. Figure 3 shows
that the rate is inversely proportional
to a power of the hydrogen ion concen-
tation—i.e., the induction period in-
creases with an increase of acidity. The
exponent, —1.8, is significantly greater
than —2, illustrating the complexity
of the reaction, but at least part of the
acid effeet is thought to be the result of a
suppression of the concentration of
free, unionized amine, which is probably
the reacting species.

Temperature, This effect is very
marked. The Arrhenius plot of log
(apparent rate) against 1/K is shown in
Figure 4. The energy of activation of
about 28 keal. probably varies very lit-
tle with reagent concentration and other
variables. Temperature control to bet-
ter than 0.1° C, is necessary for a 1%
precision in the induction period. It is
more convenient to note the tempera-
ture during measurement and correct
the induction period than to attempt
exact thermostatic control.

Chloride Concentration. The rate
of reaction is very slow in the complete
absence of chloride, indicating that a-
ferrichloride complex is probably the
oxidant. The effect of chloride is shown
by the family of curves in Figure 5. -For
the experiments illustrated by curves 1,
2, and 3 the reagents were added as per-
chlorates and only chloride was varied.
Not only does the apparcnt rate vary
with the amount of chloride present, but
it also depends on the quantity of thio-
sulfate. Thus, a linear relationship be-
tween induction period and thiosulfate
concentration cannot be expected. How-
ever, when the chloride concentration
exceeds a few tenths molar, the devia-
tion from linearity is not great over a
wide range of thiosulfate eoncentration,
as shown by a calibration eurve such as
Figure 1 where the chloride is about
0.5M. The closest approach to linearity
is obtained with about 0.2M chloride.
However, this is dangerously near the
region where the chloride concentration
becomes critical, and a somewhat higher
concentration is recommended. With a
concentration of 1M or greater, the
rate increases very rapidly with small
amounts of thiosulfate and restricts the
use of the method. The eurves shown
in Figure 5 are only intended to be in-
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dicative of the general effect of chloride.
The reproducibility with very low chlo-
ride concentrations was poor, but the
anomalous position of curve 2 has heen
confirmed.

Interferences. The induction time
will vary somewhat if any electrolyte
is added in sufficient amounts, but in
many cases the effect is undoubtedly one
of ionic strength and is not very great.
For the best results a calibration should
be made in the presence of whatever
electrolyte is present in the sample being

analyzed, the sample weight being
chosen so that between about 0.25 and 5

mg. of sodium thiosulfate is added per

50 ml. of solution.

In general, little or no interference is
found with ions of the alkali metals or
alkaline earth metals present to the ex-
tent of 1 to 2 grams in 50 ml. Similarly,
nitrate and perchlorate anions do not
interfere and chloride only inasmuch as
the velocity is increased somewhat (Fig-
ure 5).

Oxidizing or reducing agents which

react rapidly with p-phenylenediamine
or ferric chloride must be absent or
present only in amounts of 10%, or less
of the equivalent weight of the reagent
which they attack. Similarly, sub-
stances reacting with thiosulfate cannot
be tolerated—e.g., iodine—although the
very low concentration of thiosulfate
present ‘“‘protects” it to some extent.
Tor example, decomposition with acid is
only noticed after 30 minutes or more in
0.15M hydrochlorie acid, although it is
almost immediate when concentrated
thiosulfate solutions are allowed to
stand in an acid of this strength.
Although the search for interfering

ad
«

MOLARITY 5,077 x 10

Table I.  Interference of Foreign lons ions has not been exhaustive, Table I
Limit of indicates the tolerable limit of some com-
. Detection of Sodium  mon substances with this method. Tn
. fon Mex. Wt. in 50 M. Thiosulfate, % some cases larger amounts could possibly
%[:‘ - '*'KI\ZLQTKTH . Littleinterference up to L ta 2 grams 0.01 be removed chemieally without destroy-
al-,No,, T ing the thiosulfate—for example, sulfite
clo~ can be eliminated by bubbling air
-- : : A i lution. * It
80 0.2 thout 1 calibrati through a weakly acid so
o 1 gr%i?x?vi'f]l; c:ILilbr?t?glz? calibration 81(1),%5 should be possible to precipitate sulfide
Br 0.5 gram 0.05 by silver, although this was not tested.
80,7~ 8'305 gran:xfdsireclt o is acidified to oI 2 125 The limits given do not imply that no
GBI O Sample 1s acidiliec £ p ' interf but that the effect
3.5 and radei interference oceurs, but
10 tgnls i?ﬁxffé: oved by bubbling air for on the induction period is not too great
8- 0.02 gram 1.25 and can be overcome by a suitable cali-
Thionic acids g%’zcgsé&;gmm (1)-05 (about) bration in the prescnce of the ion con-
Agt 015 gram. Sulfide and chloride precipi- 0.015 Cernec}. Where very serious interfer-
tate; end of induction period shown by ence is noted with mgtal ions such as
s orange color copper(I1), the behavior can be attri-
Z{:L  NitT, Mo*e g'f’lgm;f‘n -35 uted to complexing of the thiosulfate;
Fet++ 0:02grgram (1)22 however, the action is of no value as an
Hg++ Interferes at all levels ’ indireet method for analysis of the metal
Cu++ Interferes at all levels concerned.
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Figure 5. Effect of chloride ion and thiosulfate concentration on

15M H*, ferric iron and p-phenylenediamine each 4.55 X 10~73M

No chloride
0.05M chloride

0.2M CI7, 0.2M Ht, 4 3 107°M thiosulfate, 4.8 X 1073M
ferric iron, 3.1 X 1073 p-phenylenediamine

0.5M chloride

0.
1
2,
3. 0.2M chloride
4
5. 1.0M chloride
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Determination of Thiosul-
fate in Black Liquor

Sodium _Thiosulfate, Grams per Liter

Table 1.

Added to
0.5 ml. of
black liquor Found Recovered
None 1.6,1.9,1.75
Av.1.75
2.0 3.7,3.9 2.05
3.0 4.7 2.95
4.0 5.65 3.9
6.0 7.3 5.85
8.0 9.5 7.75

ers that might be expected to behave
like thiosulfate and give a clock reaction
indicates that the well-defined behavior
found with thiosulfate ion (or perhaps
‘the undissociated acid) is not common.
Thiocarbamates, aminophenols, and the
thionie acids had no effect when present
in 50- to 100-fold excess over the thio-

sulfate concentration. Ascorbic acid -

could be present to the extent of 0.05

Routine Determindtion of Nitrogen in

gram in 50 ml. before any delay in color
formation was noted. Fven then, an ill-
defined end point was observed. Hy-
droguinone gave an induction period,
but again with a poor end point, and
the time was not simply related to the
hydroquinone concentration. No delay
at all was found with less than about 0.5
mg. and 2.5 mg. gave only the same in-
duction period as 0.3 mg. of thiosulfate.

DISCUSSION

The method can detect between
about 0.25 and 5 mg. of sodium thiosul-
fate with a precision around 1%, in favor-
able instances. A considerable latitude
is possible, however, by changing the
conditions suitably, although any new
procedure should be given a thorough
testing. An application of the tech-
nique to 0.5-ml. samples of black liquor
from sulfate pulp is shown in Table II.
The calibration curve, Figure 1, was
used directly and the sample was given
no preliminary treatment. Black liquor

Microgram Range with Sealed Tube

Digestion and Direct Nesslerization

FREDERICK L. SCHAFFER and JOAN C, SPRECHER
The Virus Laboratory, University of California, Berkeley, Calif.

P A procedure for 1- to 16-y quanti-
ties of nitrogen was developed for
rovtine analyses of small amounts of
protein in studies of poliomyelitis virus
purification.  This was achieved by
digesting each sample in o sealed
tube, mixing the digest with Nessler's
reagent with the aid of magnetic
stirring, and reading the resulting
colored complex photometrically.

FOR the routine determination of the
quantity of protein or nucleo-
protein present in various fractions
obtained in the purification of po-
liomyelitis viruses (5) a simple proce-
dure for nitrogen determination was
developed. Because of the limited
amount of material available for anal-
ysis, it was necessary to determine
1- to 16-y quantities of nitrogen. The
procedure developed incorporated the
advantages of sealed tube digestion with
sulfuric acid—namely, complete de-
composition of organic material with

total recovery of protein and nucleic
acid nitrogen without catalyst-and
protection from contamination by at-
mospheric ammonia (1, 2). The critical
step in color development, the mixing
of the rcagent with the diluted digest,
was accomplished with the aid of a
magnetic gtirrer.

REAGENTS

Digesting Acid. Reagent grade sul-
furic acid was mixed with an equal vol-
ume of ammonia-free distilled water.

Negsler’s reagent was prepared ac-
cording to Koch and McMeekin (3), ex-~
cept that the final normality of sodium
hydroxide was increased to 2.3 to com-
pensate for the quantity of digesting
acid used.

PROCEDURE

Each liquid sample was pipetted into
a 10 X 75 mm. borosilicate glass test
tube and 20 ul. of digesting acid was
added. Excess water was driven off in

contains, in addition to some 2 to 10
grams per liter of sodium sulfide, large
amounts of alkali lignins and other or-
ganic substances such as mercaptan,
and several grams per liter of sodium
sulfite, sulfate, carbonate, and hydrox-
ide. A rapid determination of thiosul-
fate in such & mixture by any existing
techniques is very difficulé.
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an oven at 100° to 110° C. The tubes
were then sealed in a gas-oxygen flame,
encased in individual brass tubes, and
placed upright in a muffle furnace pre-
heated to 450° C. Ten minutes were
allowed for the samples to attain diges-
tion temperature. and the furnace was
held at 450° == 10° C. for 30 minutes,
After cooling, the tubes were removed
from the brass containers and centri-
fuged to collect the digest at the bottom.
The tubes wére scored near the top and
opened with the aid of a molten end of
a glass rod. To each tube were added
a 3 X 10 mm. glass-covered stirring bar
and 1.00 ml. of water. The tube was
held vertically by a clamp directly over
the magnetic stirrer. The contents were
mixed, and with continued stirring 0.20
ml. of Nessler's reagent was added rap-
idly. Each tube was allowed to stand
20 minutes or more for full color de-
velopment. The absorbance was meas-
ured in a 10 X 75 mm. cuvette in the
Coleman Junior spectrophotometer at
480 mu. The corresponding quantity
of nitrogen was estimated from a stand-
ard curve which-had been prepared by
applying the same procedure to aliquots
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Table . Results of Duplicate Analyses
of Aliquots of a Standard Tryptophan
Solution
(466 mg./1.)

Aliquot, N, »
ul. Theoretical Found
15 0.96 1.0, 1.0
- 50 3.2 3.1, 8.1
75 4.8 4.8, 4.7
100 6.4 6.3, 6.2
200 12.8 12.9,12.9
250 16.0° 16.2,16.4

Mean recovery 100 == 3%,.

of an ammonium chloride solution of
known concentration.

RESULTS AND DISCUSSION

In routine use, samples were run
in duplicate, with appropriate blanks
included in each set of analyses. In addi-
tion, ammonium chloride standards
were included at frequent intervals.
To check the reliability of the method
the nitrogen content of aliquots of a
standard tryptophan solution was de-
termined (Table X). For duplicate

samples the precision was considered
wholly adequate for the purpose. When
greater accuracy was required, the
more precise diffusion-titration tech-
nique (£) was employed. The method
of Levy (4) for the determination of
microgram quantities of nitrogen with
Nessler’s reagent, although more pre-
cise than the present procedure, re-
quires special vessels and considerable
attention and technical skill.

Digestion in sealed tubes at elevated
temperatures obviated the use of a
catalyst for complete recovery of nitro-
gen of refractory substances such
as tryptophan. Sealed tubes also of-
fered protection from contamination,
but while the tubes were open protec-
tion from atmospheric afnmonia. was
necessary. Additional sulfuric acid was
added to ensure complete digestion
of samples containing excessive quan-
tities of organic matter or of anions of
volatile acids—e.g., chloride. On the
other hand, a large excess of acid was to
be avoided, because of formation of a
red precipitate and incomplete color
development upon mixing with the
reagent.

At the wave length selected, 480 my,

Microdesalter for Qualitative Paper

Chromatography of Amino Acids

GUNTER ZWEIG and S. L. HOOD

Charles F. Ketfering Foundation, Yellow Springs, Ohio

b A microdesalter has been developed
to remove interfering inorganic ions
from biological samples spotted on
filter paper for chromatography of
amino acids. The instrument is an
adaptation of an electrolytic macro-
desalter. The advantages of this
technique are the speed of the opera-

fion and the small size of the sample.

required for desalting.

IGH concentrations of inorganic

salts eause severe interference in
obtaining good. paper chromatograms
of amino acids and sugars, “Tailing,”
“erescent spotfs,” and retardation of
R, values are some of the observed
effects caused by inorganic ions. In
order to remove the salts prior to chro-
matography, several methods have
been described (2): ion exchange for
amino acids and sugars, electrodialysis,
and pyridine extraction for sugars.
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Ion exchange methods for the removal
of inorganic ions eause some loss of
the amino acids because of their ampho-
teric character., This method also re-
sults in the formation of artifacts during
the desalting of sugars (5).

The electrodialysis desalter, first de-
scribed by Consden and coworkers
(8) and modified by others (7, 4, 7),
has seemed to be the most satisfactory
technique for desalting. This method
is based on the electrolysis of inorganic
ions, using a flowing mercury cathode
and a platinum anode; the anode is
separated from the solutions by a
dialysis membrane. The disadvantages
of this technique are the relatively
large volume of solution (1 to 10 ml),
the length of time for one desalting
procedure (1 to 3 hours), and the
partial conversion of arginine to orni-
thine.

This electrolytic desalter has now
been modified in order to handle a

a linear relation between ammonia con-
centration and absorbance was found
over the range from 0 to 10 v of nitro-
gen, and a slight departure from line-
arity above 10 y. Greater sensitivity
could be obtained at shorter wave
lengths, but at the expense of greater
uncertainty in the blanks. It is sug-
gested that microcuvettes and smaller
volumes of all materials be used as a
means of extending the method to the
submicrogram range.
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large number of samples containing
micro amounts of amino acids.

The principle of the microdesalter
is that the desalting is carried out di-
rectly on the filter paper, which is then
developed by suitable paper chromato-
graphic techniques. This procedure
permits the rapid desalting (1 to 5
minutes) of small volumes of solutions
5 to 25 pl). The original sample,
therefore, does not have to be diluted
and reconcentrated as in other methods
(2). The actual desalting proceeds
by electrolysis as in the original tech-
nique (8). However, the water lift
pump for the mercury at the cathode
has been replaced by a gravity pump.

APPARATUS

Figure 1 is a simplified drawing of the
microdesalter, and Figure 2 is a photo-
graph. The anode cell, 4, from a com-
mercial desalter (Research Equipment
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Figure 1. Drawing of microdesalter

A.  Anode cell
B. Cathode

C. Leveling bulb

D. Plastic dish

E. Three-way stopcock

F. Platform

G. Llocation of filter paper

Corp., Oakland, Calif., Model X-100) is
fastened to a buret clamp which is held
to the vertical support by a swivel Cast-
aloy clamp holder (Fisher Scientific Co.).
The bottom of the anode is covered with
a piece of dialyzing cellophane tubing,
held in position with a rubber band.
The setscrew is loosened in order to per-
mit free pivoting movement.

The cathode, B, consists of a thistle
tube, 1 inch in diameter, with a small lip
on the upper rim. This lip is made by
heating the glass rim and making a slight
indentation with a carbon shaper. The
bottom of the thistle tube is cut to a
length of 1.5 inches and is fitted through
the middle of a 3-inch round plastic dish,
D, where it is glued in position. The
thistle tube outlet is connected by means
of a three-way stopcock, E, to a leveling
bulb, C, and an outlet (0.25-inch diam-
eter) in the bottom of D. The leveling
bulb is supported on a ring clamp which
is placed about 3 inches above the rim

of the thistle tube, B. The leveling bulb,
C, is now filled with mercury. Stopcock
E is turned to position 1 during the
operation of the desalter, allowing the
mercury to flow into the thistle tube
and slowly spilling from the lip into dish
D. Position 2 of the stopcock serves
as a means of replenishing mercury in
the leveling bulb by holding it for a few
moments below E, closing the stopcock,
and replacing C in the clamp. A plat-
form, F, made of clear plastic, is flush
with the top of B and aids to support
the filter paper during desalting.

The instrument is connected to a suit-
able, constant-voltage power supply
fitted with a voltmeter and a milli-
ammeter—e.g., Heathkit, Variable
Power Supply, 0 to 500 volts, direct
current, 0 to 200 ma. The anode cell is
filled with 1%, sulfuric acid, and during
the operation of the desalter a constant
trickle of the acid through the anode
cell is maintained.

EXPERIMENTAL PROCEDURE

The sample to be desalted is spotted
by means of a micropipet on the filter
paper. The spot size may vary from 2.5
to 25 ul., depending on the sensitivity
of the detection and the concentration
of the compounds in the original sample.
While the spot is still moist, the paper is
quickly placed in position between the
anode and cathode (@, Figure 1). If it
is not possible to desalt the sample im-
mediately after spotting, the spot may
be allowed to dry, but must be mois-
tened with about 5 ul. of water just prior
to desalting, taking care that the mois-
tened area encompasses the area of the
originally applied spot.

The voltage is now turned on at its
minimum position (less than 10 volts),
and the stocpcock is turned slowly to
position 1 until the needle on the am-
meter indicates the flow of current. The
amperage should not go above 40 ma.
Because of the heat evolved at higher
current readings, rupturing of the anode
cellophane membrane has been ob-
served. A black deposit, probably

Figure 2. Microdesalter

mercury (II) oxide, is also formed on the
paper at above 50 ma.; this deposit
seems to interfere in subsequent chro-
matographic development. The voltage
is slowly increased using a manual con-
trol, until 30 volts direct current has
been reached. When the current has
dropped to less than 15 ma. at 30 volts
direct current the desalting is completed.
Five microliters of 1%, sodium chloride
are desalted in 2 minutes; 25 pl. of urine
are desalted in about 5 minutes. The
same length of time is required for spin-
ach sap which is deproteinized with tri-
chloroacetic acid.

After desalting, the filter paper is re-
moved, and the spot, which has retained
its original shape and size, is dried at
40° C. The paper is now ready for
solvent development.

RESULTS AND DISCUSSION

Removal of Inorganic Ions. To test
the efficiency of the microdesalter, the
disappearance of sulfur-35-labeled so-
dium sulfate after desalting was used
as a criterion. Five microliters of
0.5% sodium sulfate containing about
1.50 pc. were spotted on several disks
of Whatman No. 1 filter paper. Each
disk was desalted for a different time
period at 30 volts direct current. The
radioactivity was measured by counting
the paper directly with a thin end win-
dow Geiger-Miiller probe (Technical
Associates, Burbank, Calif.) connected
to a Berkeley decimal G.-M. scaler.
The results in Table I indicate that less
than 19, of the initial sodium sulfate
remained on the paper after 2 minutes’
desalting.

Table . Loss of Sulfur-35-Labeled
Sodium Sulfate after Desalting®
Time of Counts
Desalting, per
Seconds Minute
0 43,694
30 15,926
60 3,410
120 359

@ 30 volts d. c.

Recovery of Amino Acids after De-
salting. Initial attempts were made to
measure the recovery of amino acids
after desalting by the elution method
and subsequent ninhydrin color develop-
ment (9). The observed results were
not consistent; they sometimes indi-
cated a ‘“gain” in concentration after
desalting and other times were not re-
producible. One possible explanation
for this lack of precision is the inter-
ference of sulfate ions in the develop-
ment of the ninhydrin color. The sul-
fate ions would diffuse onto the paper
from the anode compartment. As the
amino acids were not chromatographed
for this study, the sulfate ions would be
eluted together with the amino acids.
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A more dircet method for the anal-
vsis of the concentration change of the
amino acids due to desalting was de-
veloped.

The alga Chloreila pyrenoidosa was
grown for 1 week in an atmosphere of
carbon-14-labeled carbon dioxide. The
cells were harvested by centrifugation,
and the water-soluble compounds were
extracted with 709, cthyl alcohol. The
residue, consisting mainly of protein,
was hydrolyzed for 24 hours with 6N
hydrochloric acid. The hydrolyzate was
evaporated repeatedly on a steam bath
and the dry residue was dissolved in
1.0 mL of 109, 2-propanol. The pro-
tein hydrolyzate was spotted on two
sheets of Whatman No. 1 filter paper by
depositing 50 ul. 20 times on each sheet
of filter paper. One sheet was devel-
oped by descending paper chromatog-
raphy using liquid phenol-water (100:
20) in an atmosphere of ammonium
hydroxide; the other sheet was devel-
oped in a like manner with 1-butanol-
acetic acid-water (4 to 1.5, v./v.) [(4),
Chap. V].

After solvent development, the
chromatograms were exposed to x-ray
film (Du Pont 507, single cmulsion) for
1 week. Radioactive regions were cut
out parallel to the line of application and
were identified by markers of known
amino acids. These markers (2.5 ul. of
10 m3 solutions) were chromatographed
with the same solvents on parallel sheets
of filter paper. The markers were
visualized by dipping the papers into
0.29% ninhydrin in acetone and heating
them at 75° C. for 15 minutes (2). The
radioactive regions were eluted with
water by the descending technique. No
attempt was made to determine the spe-
cific activity of the carbon-14-labeled
amino acids.

Twenty five microliters of each car-
bon-14 amino acid were spotted on a
Whatman No. 1 filter paper disk. The
radioactivity was determined on the
paper as described previously. The
original spot was then wetted with 25
ul. of distilled water, and the amino acid
was desalted for 1 to 2 minutes until the
current reading had dropped below 20
ma. The paper was dried in an oven
at 60° C. and was counted again.

The results of these experiments are

Table Il.  Recovery of Carbon-14—
Labeled Amino Acids after Desalting

Coupts per Re-
Amino _ Minute _ covery,
Acid Initial ~ Final %

Alanine 1,158 1,075 92.83
Aspartic acid 2,450 2,351 95.96
Cystine 773 569  73.60
Glutamic acid 2,989 2,463 82.40
Glycine 524 471  89.88
Isoleucine 916 597 65.17
Leucine 1,347 780 57.91
Lysine 1,364 1,119 82.04
Serine 484 374 77.27
Threonine 1,102 783 71.05
Tyrosine 1,266 1,003 79.23
Valine 1,103 655  50.32
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Figure 3.
matograms of deproteinized spinach sap

-~

SOLVENT FRONT

Descending, one-dimensional chro-

Solvent. 1-butanol—acetic acid—water (4 to 1.5, v./v.)
1, 2. 5 mM standard solution, amino acids

Desalted sample
Untreated sample
“Salt effect”

Cystine, glutathione
Lysine

Histidine

Arginine

Valine and methionine

me a0 T | hw

isol

Phenylal , leucine,

sumimarized in Table II. Losses of
amino acids, probably due to diffusion
and electrolysis, as indicated by the loss
of radioactivity, were as high as 50%
(valine). Aspartic acid, alanine, and
glycine were recovered from 90 to 969.
These findings could be compared
with losses of 5 to 309% in the macro-
desalter (8). For quantitative estima-
tion of the amino acids by paper
chromatography, desalting the unknown
as well as standard solutions may be
recommended.

Paper Chromatography of Desalted
samples. For qualitative analysis, a
chromatogram for each standard amino
acid which was desalted was prepared
with 1-butanol-acetic acid—water (4:
1:5:v./v.) by the descending tech-
nique. The colors were developed by
dipping the chromatograms into 0.2%,
ninhydrin in acetone and heating them
at 75° C. for 20 minutes. Methionine
was partially converted to methionine
sulfoxide, as evidenced by one-dimen-
sional paper chromatography. This
oxidation may be due to a reaction with
hydrogen peroxide formed by the re-

duction of oxygen at the mercury elec-
trode (6). Arginine was not converted
to ornithine, as in the macrodesalter (8).

To study the effect of desalting by
the micromethod, paper chromatograms
of several biological samples were run
with and without desalting. Figure 3
illustrates one-dimensional chromato-
grams of deproteinized spinach sap.
The untreated sample (Strip 4) has
streaked badly, and no single spots are
discernible in the lower R, region. A
cresent spot has formed in the phenyl-
alanine region. The desalted sample
(Strip 3) compares favorably with a
synthetic mixture of the amino acids
(Strips 1 and 2).

Two-dimensional chromatograms of
human urine that was not desalted
showed several ninhydrin-positive arti-
facts. A large yellow region was also
formed which would mask aspartic
acid, if present, and caused the spots
due to serine and taurine to be mis-
shapen. The solvents used were liquid
phenol-water (100:20) and collidine-
lutidine-water-diethylamine (100:100:
100:3) (2).



No appreciable loss of amino acids was
observed by visual inspection, but the
chromatograms were greatly improved
after the desalting procedure.
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Determination of Ozone and Other Oxidants in Air

COE W. WADELIN

Research Division, Goodyear Tire and Rubber Co.,

p» Ehmert modified the method of Crab-
tree and Kemp for the determination
of ozone in air to eliminate the need for
o correction factor, for the volatiliza-
tion of iodine. The ozone was ab-
sorbed in a potassium iodide solution
containing a measured excess of
sodium thiosulfate, which was back-
titrated with iodine. A further modi-
fication is now made by titrating with
0.00IN potassivm iodate to an
amperometric end point. The appa-
ratus for detection: of the end point
consists of a calomel electrode, o
platinum electrode, and a sensitive
galvanometer. No'batteries or resis-
tors are required. On triplicate anal-
yses of eight samples ranging from
15 to 25 parts of ozone per hundred
million parts of air, by volume, a
standard deviation of 1.45 was found.
By varying the concentrations of the
solutions, samples containing from 2 to
10,000 p.phm. of ozone can be
analyzed.

THE TERM “‘OXIDANT’’ is used here to
mean anything that will oxidize po-
tagsium jodide in aqueous solution
buffered at pH 7. This definition was
used by Littman and Benoliel, who
pointed out that the oxidation of potas-
sium iodide under these conditions is not
specific for ozone but also responds to
oxides of nitrogen and some organic hy-
droperoxides (6). Ozonides and free
halogens also liberate'iodine in the solu-
tion. The amount of iodine formed by
oxides of nitrogen has been stated to
range from 29, (4) to 80%, (?) of the
amount expected from Reaction 1.

NO, +2H* + 21~ — I, + H,0 4 NO (1)

Akron 16, Ohio

Effenberger stated that 80% of the
oxidant in air is ozone (2). Crabtree
and Kemp stated that three to four
times as much nitrogen dioxide as is
normally found in air will not interfere
in the determination of ozone (7). In
studying the aging of rubber, many of
the ozone determinations are made on
the contents of test chambers containing
artificially produced ozone concentra-
tions of 25 to 50 p.p.h.m., where the in-
terference of other oxidants is probably
small.

Crabtree and Kemp absorbed ozone
in 209 potassium iodide solution, where
it forms iodine.

Os + 2KI + H:0 —~ I, + O; + 2K(()H)
2

A

TO
VACUUM
PUMP

ﬂ

e

h
Q
Nt

) )

SAMPLE n
IN
Figure 1. Assembly of glass-

ware for sampling, originally
used by Crabtree and Kemp

M

The solution must be buffered at pH 7
or higher to prevent the formation of
more than ! mole of iodine per mole of
ozone (8).

40; 4+ 10KI + 10H* — 51; 4 H;0,
+ 4,0 + 30, + 10K+ (3)

They found that bubbling a large
sample of air through the solution re-
sulted in the loss of some iodine by vola-
tilization, and applied a 109 correc-
tion factor. As this correction factor is
dependent on the rate of flow and the
volume of the solution, it is desirable to
use a method that does not require cor-
rection. Ehmert used a potassium io-
dide solution containing a measured ex-
cess of sodium thiosulfate and then back-
titrated the excess (3).

I, + 2NagS0; — Nay8,04 + 2Nal (4)

The iodine reacts as soon as it is formed
and no volatility correction is needed.

As potassium ijodate is sufficiently
pure to be used as a primary standard
and its solutions are stable, it was pro-
posed to use the techuique of Ehmert,
then to acidify the solution and back-
titrate with 0.001N potassium iodate
solution.

KIO; + 5KI + 6H* —
31, + 3H,0 + 6K+ (5)

Knowles and Lowden described a cir-
cuit for amperometric end point detec-
tion, which requires simpler apparatus
and is more sensitive than the dead-stop
end point (6). The amperometric cir-
cuit was therefore adopted. The starch
end point is not sensitive enough for ti-
trations with 0.001V solutions.
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EXPERIMENTAL WORK

Apparatus. The sampling flask was
the same as that used by Crabtree and
Kemp, except that the Woulff bottle
was replaced by a 1-liter round-bot-
tomed flask (Figure1). Thedesign of the
spray jet is critical and is deseribed in
detail by Crabtree and Kemp (1).

! 0——1
PLATINUM CALOMEL
ELECTRODE ELECTRODE

Figure 2. Circuit for amperometric
end point detection

Rotameter-type flowmeter such as
Fischer and Porter No. 2-F-1/4-16-5,
having a range of 3 to 7 liters of air per
minute.

Source of vacumm capable of main-
taining a sampling flow rate of § liters
per minute. A water aspirator will
serve.

Ten-milliliter buret, graduated to
0.05 ml.

Calomel reference electrode, Beckman
No. 1170.

Platinum thimble indicator electrode,
Beckman No. 1271. It is important
that the platinum electrode have a
surface area of at least 1.5sg. em. Ifa
small area such as a short platinum wire
is used, the circuit will lack sensitivity.

Galvanometer with sensitivity of at
least 0.05 ua. per mm.

Magnetic stirrer.

Reagents. Toprepare the buffer solu-
tion, dissolve 1.8 grams of disodium
hydrogen phosphate and 1.7 grams of
potassium dihydrogen phosphate in 1
liter of water.

Potassium iodate standard solution,
0.00100N. Dissolve 0.0357 gram of
potassium iodate in 1 liter of water.

Sodium thiosulfate solution, 0.001N.
Dissolve 0.25 gram of sodium thiosulfate
decahydrate and 0.1 gram of sodium
carbonate in 1 liter of water.

Sulfuricacid, 2N

Potassium iodide.

The sampling flask and all tubing for
conducting the sample to the flask were
made of glass. Ground joints without
lubrication were used wherever possible,
Where this was impractical, joints were
made by butting glass tubing together
and covering the joint with a sleeve of
plastic tubing. Contact of the sample
with rubber or other organic material
should be avoided, to prevent consump-
tion of ozone.
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To test the stability of sodium thiosul-
fate during sampling, 70 ml. of buffer
solution and 5 ml. of sodium thiosulfate
solution were placed in the sampling
flask and 125 liters of air were drawn
through the solution. Titration showed
that no decomposition had occurred.

The galvanometer and electrodes
were connected in series through a dou-
ble-pole double-throw switch as shown
in Figure 2.

RECOMMENDED PROCEDURE

Place 70 ml. of buffer solution, 1 gram
of potassium iodide, 5 mi. of sodium
thiosulfate solution measured with a
pipet, and 10 ml. of 2N sulfuric acid in
a beaker. The galvanometer will settle
down to a steady reading within a few
seconds after the reagents are mixed.
The speed of stirring should be con-
stant during a titration but need not
be duplicated from one titration to
another. Titrate with potassium io-
date solution until a permanent galva-
nometer deflection of 5 mm, is obtained.
This is taken as the end point. Repeat
the titration and average the values.

the sodium thiosulfate solution
changes strength, a new blank value
must be established each day.

Place in the sampling flask 70 ml. of
buffer solution, 1 gram of potassium
jodide, and 5 ml.. of sodium thiosulfate
solution. Draw about 125 liters .of
sample through the flask at a rate of
about 5 liters per minute, adjusting the
rate with the pinch clamp, and note
the exact flow rate and time. Empty
the solution into a beaker, add 10 ml. of
2N sulfurie acid, and titrate.

The flow rate must be great enough to
keep the flagk filled with a fine mist.
The sample should be large enough so
that the blank and sample titrations
differ by at least 1 ml. If the sampling

is continued so long or the ozone con--

tent of the sample is so high that the
thiosulfate is exhausted, the determina-
tion must be repeated. In sampling a
chamber with an ozone concentration
of 10,000 p.p.h.m., this difficulty was
overcome by using 0.1V sodium thiosul-
fate and potassium iodate solutions.
The other reagents were used without
modification.

CALCULATIONS

From Reaction 2 it can be seen that 1
mole of ozone forms 2 equivalents of
jodine.

Z =

(A—B)XN)(1121)(760X’1"><105
F Xt XP X273

where A = ml. of potassium iodate solu-
tion required to titrate the
blank

>}
[

= ml. of potassium iodate solu-
tion reqmred to titrate the
solution after sampling

normality of potassium iodate
solution

temperature, degrees Kelvin

sample flow rate, liters per
minute

sampling time, minutes

atmospheric pressure, mm,

oxidant concentration, parts
of ozone per hundred
million parts of air by
volume.

L I
[

Ny~
[l

Table I

Sample Ozone Found,
No. P.P.HM. Average

‘Analysis of Ozone Samples

b ot st

, 15.3, 14.7
1 20.5,21.5
1175, 138
) 23.6, 23.2
18,7, 16.5
201, 19.4
21.3, 22.4
23.0, 23.2

B9 00 50 W0 RO O
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G SR Dm0

B =i b bt N

RESULTS

Triplicate analyses of air in an ozone
test chamber on eight different days are
shown in Table I. The standard devia-
tion is 1.45 p.p.h.m.
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Rapid Routine Method for Determination of

Uranium in Ores

H. J. SEIM, R. J. MORRIS, and D. W. FREW!
Department of Chemistry, University of Nevada, Reno, Nev.

P A rapid method for the determin-
ation of uranium in ores permits de-
tection of as little as 0.01% uranium
oxide with a precision of +0.005%.
The vuranium is separated from all
commonly occurring interfering ions
by adsorption on an anion exchange
resin. After elution with perchloric
acid, the uranium is determined colori-
metrically by the sodium hydroxide—~
hydrogen peroxide method. Refine-
ments in operating techniques and
apparatus have made the method
well suited for routine application at
minimum cost.

BECAUSE of the increased intcrest in
uranium, a rapid, routine method
of analysis was needed that could be
used successfully on a large variety of
ore types having a wide concentration
range of uranium. In an associated
laboratory in which a research project
on beneficiation of low-grade ores is be-
ing conducted, a large number of test
samples of all grades must be analyzed
each day. A standard volumetric pro-
cedure (7) using a lead reductor and
ceric sulfate after a cupferron separation
of impurities was tised until recently.
Although satisfactory in most cases, the
volumetric method was rather time con-
suming and required a moderate number
of reruns. In addition it gave erratic
results for some ores, particularly a
Canadian pitchblende ore.

The most prorm'sing new approach to
uranium analysis involves an ion ex-
change separation (1-4) which utilizes
the adsorption of uramum as o sulfate
complex on an anion 'exchange resin,
followed by elution with'1 M perchloric or
hydrochloric acid. This effects a sepa-
ration from nearly all interfering ions,
especially if the iron and vanadiumare re-
duced with sulfurousacid. After clution
the uranium is determined colorimetri-
cally by the sodium hydroxide-hydrogen
peroxide method (6). Fisher (2-4) ob-
tained excellent results in the analysis of
solutions and good results in the analysis
of a limited number of ores. The methods
recommended for the solution of the ores
were treatment with nitric and hydro-

1 Present address, Shell Oil Co., Mar-
tinez, Calif.

fluoric acids followed by fusion with
sodium carbonate or treatment with
manganese dioxide and sulfuric acid.

This investigation was planned to ex-
tend the work of Fisher (3) to routine
ore analyses. The principal objective
was to adapt the method to a larger
scale and to extend the range to very
low-grade material. Preliminary colori-
metric determinations with a filter pho-
tometer proved unsatisfactory because
of the band width of the filters available.
However, experiments with the Bausch
& Lomb Spectronic 20 colorimeter
proved most successful. By proper
choice of wave lengths and cell size, the
range was extended to include the limits
from 0.5 to 40 mg. of uranium oxide.
This permits determination of uranium
in low-grade materials containing from
0.01%, (5-gram sample) down to 0.005%
(10-gram sample).

APPARATUS AND REAGENTS

Spectrophotometers. A Beckman
Model DU quartz spectrophotometer
with 1-cm. silica cells was used for the
developmental work. A Bausch &
Lomb Spectronic 20 colorimeter with
0.5- and 1-inch cells was uscd for the
colorimetric measurements.

pH Meters, A Beckman Model G
and a Beckman Model N were used for
pH control.

Columns. To facilitate the han-
dling of a larger number of samples,
a special column was made (Figure 1).
This design was advantageous in keep-
ing the liquid level above the resin bed,
in prov1d1ng for easier control of drop
rate, and in facilitating the loading and
washing of the columns.

Resin, The resin is a quaternary
ammonium, anion exchange type and
is a modification of Amberlite IRA-
400, consisting of 40- to 60-mesh beads
and purchased under the name Amber-
lite XE-117, Type 2. Other similar
resins such as Dowex 2 (I) can be used.
Before use the resin is converted batch-
wise to the sulfate form by treating it
for 20 minutes with three times its
volume of 109% sulfuric acid. The
treated resin is then washed several
times by decantation with distilled
water. A final 50-ml. wash is given
the resin in the column. No difficulties
have been encountered in storing the
sulfate form of the resin under distilled
water for several weeks. Because the

resin is inexpensive, it may be dis-
carded after use,

Standard Uranium Solutions. Two
uranyl sulfate standard solutions were
prepared by fuming 1.790 and 3.580
grams of uranyl nitrate with 10 ml. of
6N sulfuric acid and diluting to 1 liter.
These solutions contain approximstely
1 and 2 mg. of uranium oxide per ml.,
respectively, and were standardized in
two ways: by passing through a lead
reductor and titrating with standard
ceric sulfate; and gravimetrically by
precipitation "with arumonia and igni-
tion to uranium oxide.

Qab.

’-32an

40mm.

Glass
,_J Woaol Plug

Figure 1.
apparatus

lon exchange

All other chemicals were of reagent
grade except manganese dioxide, in
which case both the technical and re-
agent grades were used.

PROCEDURE

An appropriate weight of sample
containing 0.5 to 40 mg. of uranium
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oxide is treated on a hot plate for about
10 minutes with 15 to 30 ml of 12}/
hydrochloric acid, Then 5 to 10 ml,
of 16M nitric acid is added and heating
continued until acid-soluble minerals
are dissolved. The samples are then
fumed strongly with 5 to 10 ml. of
9M sulfuric acid. The larger volume of
acid in each case represents the amount
used for 5-gram samples. After the
samples are fumed, the residues are
taken up in 50 ml. of water and boiled
gently for 5 to 10 minutes. The solu-
tions are then filtered and washed with
hot water. For samples containing ap-
preciable phosphate the washing is
done with hot 0.1N sulfuric acid instead
of hot water. The solutions are then
adjusted to a pH of 1.0 to 1.5 with 63/
sodium hydroxide. An estimation of
the amount of iron present can be made
in this step and an appropriate amount
of 6% sulfurous acid (10 to 30 ml)
added to effect complete reduction of
the iron. After allowing the solutions
to stand about 10 minutes, they are
passed through the ion exchange col-
umns at a rate of about 1 drop per
second to adsorb the uranium. The
beakers and dropping funnels are then
rinsed three times with hot water, after
which the resin is washed with 50 ml.
of hot water.

The uranium is then eluted into 100-
ml. volumetric flasks with 50 ml. of
1M perchloric acid which has been
heated to boiling. The elution rate is
again maintained at 1 drop per second.
Under these conditions the temperature
of the resin bed varies from 60° to 70° C.
After elution the resin is allowed to
stand 10 minutes in contact with the last
of the eluent. The columns are then
blown out with air to remove all possible
eluent. A 23-ml. portion of 6} sodium
hydroxide is added to each flask and
the solutions are diluted to within a
few milliliters of final volume. After
they cool to 20° C., 1 ml. of 309 hy-
drogen peroxide is added to the samples
and they are diluted to volume. After
color development absorbances are
determined at either 380 or 420 my in
0.5- or 1-inch cells, the choice depending
on the uranium content. If the sample
is known to contain appreciable quan-
tities of phosphate and iron, the solu-
tions should be allowed to stand 30
minutes and filtered on a dry, retentive
paper prior to reading the absorbances.
The blank used for the determinations
contains 50 ml. of 1M perchloric acid,
25 ml. of 6M sodium hydroxide, and 1
ml. of 30% hydrogen peroxide diluted
t0 100 ml.

DEVELOPMENT OF METHOD

Stability of Color and Selection of
Wave Length. To determine the
most suitable wave length, the absorb-
ance curve for the peroxide complex of
uranium was determined with the Beck-
man Model DU spectrophotometer for a

solution containing 10 mg. of uranium

oxide in 100 ml. of solution. The blank
contained the same concentration of so-
diurn hydroxide and hydrogen peroxide
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Figure 2. Absorption spectra
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a8 the uranium solution. The ahsorb-
ance curve of the peroxide blank was also
determined against distilled water.
These solutions were then stored for a
period of 72 hours and the absorbance
curves redetermined. Results of these
investigations are illustrated in Figure 2.
Maximum stability oceurs at 420 mog,
which was selected for determining
higher concentrations of uranium. The
curves show the possibility of peroxide
interference at wave lengths below 370
my. Because a colorimeter with a 20-
mu band pass was to be used for the de-
terminations, 880 mu was selected as the
wave length to be used for lower con-
centrations of uranium,

‘Effect of Hot and Cold Elution and
Blowing Out of Columns, As this
procedure was designed to be a rapid,
routine method, the need for determin-
ing the maximum efficiency of elution
with a minimum amount of eluting
agent is evident. Because it was desir-
able to keep the volume of eluting agent
at 50 ml., a study was made of the effect
of using a hot clution technique, as well
as the effect of blowing out the columns.
Results of this investigation are illus-
trated in Figure 3. Although 1009, ef-
ficiency in elution is never obtained
with 50 ml. of eluting agent, the hot
elution technique, including blowing out
the columns, comes the closest to reach-
ing this goal.

Standard Curves. The elution effi-
ciency with 50 ml. of eluting agent is
not quite 100%; therefore, maximum
aceuracy in the actual analysis of sam-
ples can be obtained only if standard
curves are prepared using the same tech~
nigues as in the analysis. The curves
were prepared from standard uranium

Uranium peroxide complex vs. peroxide blank
Same as A after 72 hours

Peroxide blank vs. distilled water

Same as C after 72 hours

solutions that had been adsorbed on the
resin from a solution containing 0.1M
sodium sulfate (2) and 10 ml. of 6%
sulfurous acid in 100 ml. The pH was
controlled between 1.0 and 1.5 with 3M
sulfuric acid. The standards were then
eluted and the color was developed as
for samples. Absorbances were deter-
mined in 0.5- and 1-inch cells at 380 and
420 my.

Flow Rates during Adsorption and
Elution. The flow rate during the
adsorption step does not appear to be
critical up to 2 drops per second. How-
ever, an appreciable decrease in effi-
ciency of elution is noted at 2 drops per
second, particularly with cold elution.
The decrease in efficiency is much less
with hot elution. Maximum reproduci-
bility is obtained with hot elution and a
flow rate of 1 drop per second for both
adsorption and elution.

Solution of Ores. The methods
recommended by Fisher (3) for dissolv-
ing the ore samples include an oxidizing
leach with sulfurie acid und manganese
dioxide, & nitrie-hydrofluoric acid leach,
and a sodium carbonate fusion. The
fusion was ruled out as unsuitable for
routine analysis. The use of hydro-
chloric acid followed by nitrie acid and
final fuming with sulfuric acid (aqua
regia method) was investigated thor-
oughly. Comparative results on stand-
ard samples using the manganese diox-
ide—sulfuric acid and aqua regia dissolv-
ing techniques (Table I) show that the
manganese dioxide method gives slightly
higher values, particularly when the
technical grade reagent is used. The
samples also filtered slowly. A com-
parison of results cbtained by the aqua
regia method with two cell sizes and at



two wave lengths for a series of analyzed
samples is reported in Table I1.

The Atomic Energy Commission
samples referred to in Tables I and IT
are a series of ores from the Colorado

Plateau. The reported uranium con-
tent. of these samples is a statistical av-
erage obtained from the results of sev-
eral independent laboratories. These
samples contain several minerals, includ-
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Figure 3. Absorbance studies of elution efficiency of 50

ml of“‘lM perchloric acid

A. Reference curve prepared from standard vranium solutions not

adsorbed or eluted
B. Recoveries using hot elution
C. Recoveries using cold elution

D. Recoveries using hot elution but not blowing out column

Table L

Comparison of Solution Methads

(1-gram samples used)
Method of Sample Solution to Obtain %, U;04

. Manganese Dioxide
Technical C.P. Aqua Regia Re‘yi,r[g;g}w
Sample No. 380 mp 420mp 380 mu 420 mp 380 mpu 420 mp mple
AECNo. 9 0.158 © 0.170 0.105 0.111 0.109
AEC No. 10 0.465 0.468 0.434 0.440 0.395 0.390 0.399
AEC No. 11  0.830 0.825 0.770 0.760 0.755 0.750 0.754
AEC No. 12 e 0.600 0.610 0.525 0.513 0.528
AECNe. 13 0.40 - 0.41 0.34 0.33 0.346

s Urarium percentages are averages of duplicates,

ing carnotite, tyuyamunite, autunite,
torbernite, and schoepite.

The aqua regia method was success-
ful in dissolving all of the ores encoun-
tered in this research. However, some
uranium-containing minerals, such as
monazite, columbite, and tantalite, are
not completely dissolved by aqua regia.
In such cases the analyst must resort
to other methods including the classic
nitric-hydrofluoric acid leach followed
by a sodium carbonate fusion.

INTERFERENCES

Previous workers (/-8) showed that
iron, vanadium, chromium, and molyb-
denum did not interfere after reduetion
with sulfurous acid. Nitrates, chlo-
rides, and perchlorates, however, were
shown to interfere unless present in Jow
concentrations. Because the procedure
utilizes an anion exchange resin, all
metal ions that do not form anionic
complexes can be excluded from the
list of interfering ions. Other metal ions
that were investigated during this work
and produced no interference were ce-
rium and thorium,

One type of interference that was not
expected involved samples containing
organic carbon. Examples were ores
from Temple Mountain, Utah, and
Lonesome Pete Claim No. 2, South Da-
kota, as well as flotation concentrates
in which sulfonated petroleum oils had
been used as flotation reagents. The
organic material is not completely re-
moved by the aqua regia method and
imparts to the solutions a brown color
that is partially adsorbed by the resin
and eluted by the perchloric acid. Igni-
tion of the samples prior to solution is
the most satisfactory method of elimi-
nating this interference. Organic carbon
can also be removed by the use of per-
chloric acid in the solution step followed
by strong fuming with sulfuric acid.
However, because of the danger of in-
complete removal of all perchlorates be-
fore adsorption, this procedure is not
recommended. Removal of the carbon

Toble Il.  Standard Samples Run by Routine Procedure
% UsOs Over-all
Reported  Grams Av. % UaOs Found Av. Dev. of Av.
for of 1-Inch Cells 0.5-Inch Cells %, from Reported
Sample Sample Sample 380 mp 420 my 380 mu 420 mp U;0s %J

New Brunswick No. 3

Pitchblende 3.36 0.25 3.32 3.36 3.28 3.30 3.82 —0.040
AECNo.9 0.109 2.5 0.105 0.111 0.108 —0.001
AECNo. 10 0.399 1.0 0.39 0.385 0.380 0.385 0.386 —0.013
AEC No. 11 0.754 1.0 0.755 0.750 0.746 0.740 0.748 —0.006
AECNo. 12 0.528 1.0 0.525 0.510 0.513 0.515 0.516 —0.012
AEC No. 13 0.346 1.0 0.340 0.330 0.315 0.350 0.334 —0.012
AEC No. 8 0.064 5.0 0.060 0.065 0.063 —0.001
New Brunswick No. §

(carnotite) 0.110 5.0 0.118 0.118 0.114 0.116 0.117 +0.007
Lonesome Petes

Claim No. 2 0.330 5.0 0.340 0.330 0.330 0.333 +0.003

e Filtered prior to reading absorbance.
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by evaporation of the perchloric acid
eluate to fumes is also possible, but this
procedure gives slightly low results, in-
dicating some type of uranium loss due
to the organic material.

Sill and Peterson (?) reported that
samples containing appreciable amounts
of calcium tend to give low results when
they are fumed with sulfuric acid be-
cause of coprecipitation of uranium
with the calcium sulfate. This was
verified in this laboratory on samples
containing 209, caleium carbonate and
0.2% urenium oxide. The loss due to
coprecipitation, however, was less than
0.01%, uranium oxide.

Because nitrates and chlorides cause
leakage of uranium in the adsorption
step, several tests were conducted to
determine whether double fuming with
sulfuric acid might be necessary when
10-gram samples were used. In all cases
single fuming was found sufficient.

The presence of appreciable amounts
of phosphate and iron presented a prob-
lem. Because of the decrease in the
oxidation potential of the iron system in
the presence of phosphate, the anionic
complexes of iron(III) with phosphate
or sulfate are not completely reduced by
the sulfurous acid. As a result some
iron is adsorbed by the resin as an an-
ionic complex and eluted along with the
uranium. Similar observations have
been reported by Holroyd and Salmon
(5). When the cluate is made basic
prior to color development, iron(IIT)
hydroxide is formed in a near colloidal
condition which imparts a yellow to or-
ange coloration to the solutions, giving

Stability of Sodium Tetraphenylboron

STANCIL S. COOPER
St. Lowis Universily, St. Louis, Mo.

P Water solutions of sodium tetra-
phenylboron have been prepared
which remained stable for several
weeks, even though stored in colorless
containers at laboratory temperature
{26° C) in diffused light. When a
solution of sodium tetraphenylboron in
water is brought to a pH above 7 (ca.
8 or 9) by the addition of sodium
hydroxide, the sodium tetraphenyl-
boron remains stable for at least sev-
eral weeks, as shown by ultraviolet
transmittance spectra.

SINCE the announcement of Wittig
and his coworkers (3-6) that the
sodium

tetraphenylboron  complex,
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high readings on the colorimeter, This
interference starts to become trouble-
some in samples that contain 250 mg. of
iron when combined with phosphorus
pentoxide in excess of 250 mg. Stronger
reducing agents such as hypophosphorus
acid completely reduced the iron
and eliminated it from the eluate, but
low uranium values resulted, probably
due to partial reduction of uranium
to the -4 oxidation state. When hot
reduction with sulfurous acid was at-
tempted, some ferric phosphate precipi-
tated and plugged the columns. In ad-
dition some iron was still present in the

eluate. At present the.only method of -

eliminating this interference involves
filtering of the solutions as deseribed in
the procedure.

CONCLUSIONS

The ion exchange method described
has been successfully applied to a rou-
tine determination of uranium in pri-
mary and secondary uranium minerals.
It has been used on a wide variety of
ores for 1 year with excellent results;
the total number of assays run now
exceeds 3000, In the adoption of this
method considerable analysis time has
been saved, with a significant extension
of ore types that can be analyzed. About
20 analyses can be made per man per
day with a minimum of equipment and
at relatively low cost. An additional
benefit with the use of this method has
been an extension of the lower concen-
tration limits that could be adequately
handled. In order to effect these im-

B(C¢Hs)y, forms potassium and ru-
bidium salts which are low in water
solubility, many reports have de-
seribed the application of this useful
reagent as its sodium salt. Gloss (Z)
has published a good review of the lit-
erature.

Water solutions of sodium tetra-
phenylboron undergo slow changes, with

“loss of precipitating power for potassium

ion, the appearance of a turbidity, and
the development of a phenolic odor.
Such a solution, if it is to be relied on
ags an analytical reagent, must be
stabilized against decomposition. Gloss
and Olson (2) discuss the stability of
such solutions and recommend that
sodium tetraphenylboron sclution be

provements, refinements in operating
techniques and apparatus together with.
the elimination of common troublesome
interferences was realized. Duplicate
analyses on 0.5- to 10-gram samples
consistently agree to about 0.005% ura-
nijum oxide on material with a total ura~

“nium content as low as 0.01%,.
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Solutions

adjusted to a pH near 5 (normally
attained after treatment and clarifica-
tion by alumina) and that the solutions
be stored at or below room temperature.

This paper reports further studies
on the stability of water solutions of
sodium  tetraphenylboron  through
measurementsof their ultraviolet absorp-
tion. Water solutions of this compound
(water as reference) absorb greatly at
wave lengths below 280 to 290 mp and
this absorption can serve as an excel-
lent guide to the stability of this sub-
stance.

MATERIALS AND APPARATUS

Sodium tetraphenylboron, prepared
by Henry Lee, St. Louis, Mo.
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Figure 1.

Per cent transmiitance as a function of wave length

{\) for water solutions of sodium tetrophenyiboron (Nad;B).

Soldtions werc originally from same stock (about 0.0LM) diluted 1 to

10 (M = ca. 0.0010).

Each transmittance curve was determined on

0.001M solutions diluted 2:5. During transmittance measurements
each solution was at pH approximately 9

1. .

9 utes after preparation
T utes after plcpa,mtlou

3 P - Solution 2, pH =

1. © - - - -Solution 1, pH

5

All other{chemicals were of the best
purity commercm.lly ‘available.

A Beckman DU quartz spectro-
photometer was employed for the ultra-
violet measarements.

’ PROCEDURE

Solid sodium tetraphenylboron was
dissolved in water, allowed to stand
overnight and filtered, and its ultraviolet
transmittance speetrum was determined
between 220 and 300 mg. Solutions of
1074 1073, and 107*M sodium tetra-
phenylboron in water were prepared,
stored under normal laboratory condi-
tions, and also in the dark at 5° to 10° C.
Tests were periodically made to de-
termine the precipitating power of the
solutions by their reaction with potas-
sium chloride. Measurements of pH
were made both with pII paper and with
the glass electrode.

In order ‘to test for stabilizing influ-
ence of high pH values a fresh stock solu-
tion (about 10 72M) was divided into two
parts: part 1 (pH = 6.7) and part 2
(pH made 10.5 by the addition of so-

Solution of sodium tetraphenylboron, pH = 6.7, 30 min-
O — - — —Solution of sodium tetraphenylboron, pH = 10.5, 30 min-
0.5, 24 hours later

i = 6.7, 24 hours later
Solution 1, pH = 6.7, 48 hours later

dium hydroxide). Each of the parts was
diluted 1 to 10 (giving a concentration
of 10~3M). Parts 1 and 2 were allowed
to stand at room temperature in diffused
light and were periodically checked by
ultraviolet transmittance. Before trans-
mittance curves were determined,
samples of the 103 solutions were di-
luted 2 to 5 and brought to a pH of 9.
Transmittancies were determined on
these solutions. Results are plotted in
Figure 1.

RESULTS AND CONCLUSIONS

In Figure 1 are given ultraviolet
transmittance curves which prove that
elevated pH values stabilize a water
solution of sodium tetraphenylboron.
The caption to Figure 1 is self-explana-
tory. A stock solution of sodium
tetraphenylboron (approximately 102
M) was prepared and divided into two
parts: part 1 (pH = 6.7) and part 2
(pH made 10.5). Stock solutions were
diluted 1 to 10, giving (1073M), and
were then diluted 2 to 5 and brought to

a pH of 9 by addition of sodium hy-
droxide before ultraviolet ftransmit-
tances -were taken. Transmittance
curves 1 and 2 (Figure 1) were deter-
mined 30 minutes after the solutions
were prepared; curve 1 for part 1
(pH = 6.7), and curve 2 for part 2
(pH = 10.5). Curve 3 was determined
on part 2 (pH = 10.5), 24 hours later.
Curves 2 and 3 are essentially the same
over the range 240 to 300 mu. Curves
4 and 5 are for part 1, 24 and 48 hours,
respectively, after the data for eurve 1
were taken. Curves 4 and 5 show s
greater change than does curve 1,
from the composition represented by
curve 2. Part 2 was tested periodi-
cally for 3 weeks and the transmittance
curve obtained was essentially the
same as that of curve 2 or 3. Part 1
continued to change in transmittance
values and its pH slowly rose. The
rate of change slowed down as the pH
rose. Both parts 1 and 2 showed pre-
cipitation with 1073M potassium chlo-
ride.

Sodium tetraphenylboron (10-3M)
can be used as a precipitant for potas-
sium, but soon loses its power for pre-
cipitation if not stabilized at high pH
values.

Stabilization at pH values of hetween
8 and 9 with sodium hydroxide does
not render sodium tetraphenylboron
solutions unusable for precipitation and
determination of potassium. The so-
dium ion introduced as sodium hy-
droxide does not exceed the sodium ion
introduced with the compound itself.
As an example, 1 ml. of 0.1N sodium
hydroxide was employed in bringing 100
ml. of 1073} sodium tetraphenylboron
to a pH of 9. Calculations show that
the total concentration of sodium in the
final solution is 2 X 107%M, one half
of which arises from the sodium tetra-
phenylboron itself. The pH of this
solution should rise to 9, even if the
sodium tetraphenylboron did not hy-
drolyze at all. The total sodium in the
stabilized solutions at high pH is
never high enough to interfere with the
use of the reagent in precipitating
reactions. Of course, one may pre-
cipitate with the recagent from acid
solutions, since the concentration of
base is never high in the stabilized
solution,

Sodium tetraphenylboron solutions
covering a concentration range of 4 X
1071 to 4 X 1075M and at & pH of
10.5, have been shown to obey Beer’s
law strictly at 240, 250, 262.5, and 272
myp. These solutions remained essen-
tially unchanged for at least 1 week.

Solutions of approximately 0.0134
sodium tetraphenylboron show pH
values, when first made, of 6.5 to 6.7
and do not change composition rapidly
because of their relatively high pH
value, Bringing the 0.01M or 0.001M
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solution to a pH of about 8 or above
will cause it to retain its composition
and its precipitating power over a
period of several weeks. No additional
effect on the stability was noticed on
storing the solutions at elevated pH
values in either clear soft glass or
clear borosilicate glass containers.

By measuring the change in ab-
sorbance (ultraviolet) when potassium

tetraphenylboron is precipitated with
an excess of sodium tetraphenylboron
and the precipitate is filtered -away,
the author has been able to establish
a method for the quantitative estima-
tion of potassium ion.
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Separation and Determination of Radiocerium

by Liquid-Liquid Extraction

GILBERT W. SMITH! and FLETCHER L. MOORE
Analytical Chemistry Division, Oak Ridge National Laboratory, Oak Ridge, Tenn.

P Because of the need for a rapid and
effective method for determining radio-
cerium in fission products, which would
give good decontamination from trans-
uranium elements, the liquid-liquid
extraction of cerium(lV) with 2-thenoy!-
triflucroacetone  was  studied. A
method for both tracer and macro
levels was developed for the separa-
tion of cerium from many other ele-
ments, based on extraction into 0.5M 2-
thenoyltrifluoroacetone—xylene from a
IN sulfuric acid solution containing
potassium dichromate and sodium bro-
mate. Yields are approximately 80%,
with an average deviation of about
+2%. The procedure offers a fast,
safe, and simple method for radiocerivm
with or without carrier and for the
purification of radioactive or inactive
cerium,

ETERMINATION of radiocerium by

the method of Hume, Ballou, and
Glendenin (1) is tedious, requires about
3 hours, and is not readily adaptable
to remote control when high levels of
radioactivity are present. The more
recent hexone extraction method (3)
is considerably faster and applicable to
remote control. However, special pre-
cautions are required to avoid the hex-
one—nitric acid hazard, and thorium,
uranium, and neptunium must be re-
moved prior to extraction of the cerium.
A liquid-liquid extraction method for
the purification and/or determination
of radiocerium may be used with or
without cerium ecarrier. In principle
the cerium(IV) ion forms a stable che-
late complex with 2-thenoyltrifluoro~

! Present address, Curtiss-Wright Corp.,
Research Division, Quehanna, Pa.
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acetone (TTA) in 1N nitric acid. In
its simplest form, assuming no other
cerium(IV) complexing in the aqueous
phase, the over-all reaction may be
written as:

Ceatt + 4HTx = CeTuy + 4Ha*

where HT is the enol form of TTA and
CeT, is the cerium(IV) chelate. Sub-
scripts 4 and X refer to the aqueous
and xylene phases, respectively.

The mechanism of the reaction in-
volves hydrogen replacement and co-
ordinate bonding. Both the 2-thenoyl-
trifluoroacetone and the cerium chelate
have negligible solubility in the aqueous
acid solutions but are soluble in xylene.

PROCEDURES

Cerium-144 Tracer. Pipet a suit-
able aliquot, frec of fluoride, chloride,
and phosphate ions, into an extraction
vessel (preferably a 125-ml. separatory
funnel) and adjust the solution to
approximately 1 in nitric acid, 0.1 in
potassium dichromate, and 0.1} in sul-
furie acid (or to 1 in sulfuric acid and
0.1M in potassium dichromate). Mix
the reagents and allow to stand for 5
minutes at room temperature. Add an
equal volume of 0.5M 2-thenoyltri-
fluoroacetone—xylene and mix the phases
thoroughly for 10 minutes with a glass-
paddle stirrer driven by a high-speed
motor. After the phases have separated,
draw off the aqueous phase and discard.
Wash the organic phase by mixing with
an equal volume of 0.1M sulfuric acid-
0.1M potassium dichromate for 3 min-
utes. Discard the aqueous phase and
strip the organic phase by mixing with
an equal volume of 10 nitric acid for 1
minute. Discard the organic phase and
use an aliquot of the aqueous strip phase
for the radioactivity measurement.

Cerium-144 with Carrier Solution.
PrEPARATION OF CARRIER SOLUTION

(7). Dissolve 31 grams of cerium(IIT)
nitrate hexahydrate in distilled water
and dilute to 1 liter. To standardize,
pipet 5-ml. aliquots of the solution into
50-ml. centrifuge tubes. To each add 1
ml, of 6V nitric acid and 15 ml. of water,
Heat just to boiling and add 15 ml. of
saturated oxalic acid with stirring. Cool
in an ice bath for 10 minutes with occa-
sional stirring.

Wasgh a fine, sintered-glass crucible by
passing through 5 ml. of distilled water,
three 5-ml. portions of 959, ethyl alco-
hol, and three 5-ml. portions of an-
hydrous ether. Put the crucible in a
vacuum desiccator without desiceant
and apply vacuum for 2 minutes. Flush
out the ether vapors by releasing the
vacuum, then pump out again. Release,
evacuate for 2 minutes, flush as before,
release, and then evacuate for 2 minutes.
Release the wvacuum and weigh the
crucible,

Filter the oxalate precipitate through
the erucible. Wash and dry the crucible
and contents in exactly the same way as
the crucible was treated. Weigh the
precipitate as Ceq(C0,);. 10H,0.

Sranparp METHOD. Pipet a suitable
aliquot of sample, free of fluoride, chlo-
ride, and phosphate ions, into a 50-ml.
Lusteroid centrifuge tube and adjust the
aqueous solution to a concentration of
1N in sulfuric acid, 0.1 in potassium
dichromate, and 0.2M in sodium bro-
mate, with 0.8 mg. per ml, of cerium car-
rier. After swirling to mix the reagents,
place the solutions in an ice bath for 5
minutes. Add an equal volume of 0.5M
2-thenoyltrifluoroacetone—xylene to the
aqueous solution and extract for 10
minutes with the paddle stirrer. Rinse
the stirrer with acetone after each ex-
traction, then with distilled water.
Centrifuge the solutions for 0.5 minute
in a clinical centrifuge and remove the
aqueous phase with a transfer pipet or
micropipet attached by rubber tubing
to a vacuum trap. By using mild suc-
tion and squeezing the tubing until the



pipet is at the bottom of the tube, the
aqueous phase can be withdrawn with
a negl]glble loss of the organic phase.
Wash the pipet after each use by dipping
the tip into acetone and applying suc-
tion. Then!wash down the sides of the
centrifuge tube with several milliliters
of distilled water and centrifuge again
for 0.5 mmute

Again remove the aqueous layer by
suction, taking care to remove a mini-
mum of the organic phase. Carefully
decant the organic phase into a clean
Lusteroid centrifuge tube, add to it an
equal volume of 1IN sulfuric acid, and
mix the phases thoroughly for 3 min-
utes. Centrifuge for 0.5 minute and re-
move the aqueous wash solution by suc-
tion. Again wash the sides of the tube
with several milliliters of distilled water
and centrifuge for 0.5 minute. With-
draw the aqueous solution and carefully
decant the organic phase into a clean
Lusteroid tube as deseribed above.
Add an equal volume of 10X nitric acid,
and, after thoroughly agitating the
phases for 1 minute, centrifuge for 0.5
minute and draw off the organic phase,
Rinse the sides of the centrifuge tube
with several milliliters of xylene, centri-
fuge for 0.5 minute, and remove the
xylene by suction. If desired, an aliquot
of the aqueous layer may now be de-
canted for counting, as in the above
procedure. Add concentrated ammo-
nium hydroxide to precipitate cerium-
(III) hydroxide and centrifuge for 2
minutes. Discard the supernatant solu-
tion and wash the precipitate well with
10 ml. of distilled water, then centri-
fuge again for 2 minutes. Again decant
the supernatant, liquid and dissolve the
cerium(III) hydroxide in 1 ml of 6§
hydrochloric acid.

Dilute to approximately 20 ml., heat
the solution to boiling, and add 15 ml,
of saturated D).allc acid. Then place
the solution in 4n ice bath for 10 min-
utes. Tilter the precipitate through a
tared filter paper in a Hirsch funnel and
wash as for the preparation of the cerium
carrier solution. , Weigh as Cea(CaO4);.-
10H,0. Prepare for cither beta or
gamma counting, which is performed 3
hours after the final chemical separation
to allow praseodymium-144 to grow in
to saturation.

EXPERIMENTAL

Variables in Tracer Method. To
study the effect of time, the procedure
given for tracer cerium was used, ex-
cept that the original aqueous phase

s adjusted to 1N nitric acid-0.13
potassmm dlchromate and the extrac-
tion time was varied. The following
results show that substantial equilib-

. rium was reached in 10 minutes:

Cerium-144
Extracted,
Minutes LA
2 82.1
5 96.6
10 98.2
30 97.9

It is surprising that the dichromate
ion will oxidize cerium(III) to cerium-
(IV) to the extent shown above, be-
causc the standard oxidation potential
(Eo) of the cerous-ceric couple is higher
(more negative by the Latimer conven-
tion) than that of -the dichromate-
chromic couple. Such a phenomenon
has also been observed by Pitzer (6).
The oxidation may take place because
the relatively small number of cerium
atoms involved with cerium-144 tracer,
together with their removal from the
aqueous phase, may cause the reaction
to go in the direction Ce(IIl) —
Ce(IV). Effectively, the cerous-ceric
couple potential is probably lowered
relative to the dichromate-chromic
potential.

With carrier-free cerium-144 tracer,
sodium bromate could not be used in
the system as an oxidant because a
very slight scum of undetermined
nature, containing >90%, of tracer,
usually appeared at the interface. It
was established that this tracer cerium
behavior was due to the copresence of
sodium bromate and xylere. Ifitisnot
known whether carrier cerium is present
or not, a small amount of cerium carrier
should be added (~0.5 mg. per ml)
and the macro method used.

Experiments showed that variation in
nitric acid acidity during dichromate
oxidation had negligible effect in cerium
tracer work. The procedure deseribed
above was used, and the acidity was
adjusted after the S-minute oxidation
period.” The use of less than 1N nitric
acid is inadvisable, because of inad-

equate decontamination from other
elements. .
Cerium-144
HNO,, Extracted,
- o
0.5 98.5
1.0 98.0
1.5 96.4
2.0 92.5

‘Washing the organic phase containing
the cerium-144 tracer with dilute nitric
acid containing 0.1M potassium dichro-
mate resulted in severe losses. A wash
solution consisting of an equal volume
of 1N sulfuric acid resulted in 5 to 10%
losses of cerium-144 tracer; whereas a
wash solution of 1N sulfuric acid-
0.1M potassium dichromate gave losses
of only 0.7% in 3 minutes. A wash so-
lution consisting of an equal volume
of 0.LM potassium dichromate and
0.1M sulfuric acid gave losses of only
0.1%,. The presence of an oxidant in
the wash phase was necessary to pre-
vent excessive losses in carrier-free
cerium tracer work. If the initial
aqueous solution was made 0.1M in
sulfuric acid, the yield of cerium-144
tracer was increased from about 98
to 999,. The cerium-144 tracer was

readily stripped quantitatively from
the organie phase into an equal volume
of 10N nitric acid.

Typical decontamination results are
shown in Table I.  These values are the
average of duplicates.

Table . Decontamination from Various
Elements in Cerium Tracer Method
Amount Found in
Added, Strip Phase,
Element C.P.M, %
Eu-152-154 3.1 X 1(¢ 0.0
Ru-106 2.8 X 107 0.2
Zr-95-Nb-95 5.9 X 107 0.01¢
1-131 6.2 X 107 0.1%
Pu-233 6.6 X 108 0.1
Pu-239 6.0 X 10° 0.5

@ 10N nitric acid strip solution washed
for 5 minutes with an equa.l volume of
0.5M TTA-xylene.

® Todine removed by e‘(tractlon into
carbon tetrachloride after addition of 20
mg. of potassium iodide caxrier.

Variables with Carrier Cerium.
ErrEcT oF REAGENT CONCENTRATION,
TimE, TEMPERATURE, AND ACIDITY.
When more than traces of inactive
carrier cerium are present or when the
solution may contain unknown im-
purities, it is necessary to add carrier
cerium (~1 mg. per ml) and deter-
mine the extraction yield by oxalate
precipitation (7). As expected from
the oxidation potentials involved, ex-
periments showed that dichromate ion
failed to oxidize ecerium(III) -carrier
appreciably. Table II shows the effect
of varying the concentration of cerium
carrier added, using the tracer proce-
dure described above.

Table ll. Effect of Varying Concen-
tration of Cerium Carrier on Extraction
of Cerium-144

Cerium Cerium
Carrier Extracted,
Added, + %
0 99.0
8 99.0
80 33.3
800 8.6

Sodium bromate was the most con-
venient reagent for the oxidation of
macroquantities of cerium. As the
presence of dilute sulfuric acid in the
aqueous solution stabilized the ceric
ion, it was decided to study the more
important variables in a sulfuric acid
system.

In the cerium distribution experi-
ments each initial aqueous phase con-
tained 8 X 10® gamma counts per
minute of cerium-144 in 12-ml. vol-
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Table lll. Effect of Variables on Extraction of Macroquantities of Cerium into
0.5M 2-Thenoyltrifluvoroacetone—Xylene
Aqueous Phase Cerium Extracted, %
Oxidation Temperature
5 Min. at

H,S0;, HNO;, room temp. 5 Min. in
N N (24° C.) ice bath
1 1 60.3 74.0
0.5 66.9 79.9
1 90.2 92.2

Oxidant Concentration

H.S0,, K:Cr.0s, NaBrO;,
N M M
1 . 0.6 86.9
1 0.1 0.6 91.8
1 0.05 0.2 91.6
1 0.25 0.2 93.9

Suffuric Acid Concentration

H,S80,,
N
1 94.3
2 74.4
3 53.2

umes. All counting was done in a ommended for approximately quantita-

well-type scintillation counter having a
sodium iodide crystal (thallium-acti-
vated). Table III indicates that the
oxidation is somewhat improved when
performed in an ice bath. "Thc presence
of concentrations of sodium bromate
greater than 0.2M does not appcar
necessary in the standard method
(Table III). DPotassium dichromate
geems to give slightly greater yields of
cerium. However, it is not mandatory
to use oxidation in an ice bath or po-
tasstum dichromate in an analytical
radiochemical method where a yield
correction is applied.

Sulfuric acid concentrations less than
approximatcly 1N gave lower yields of
cerium, presumably because of a de-
crease in sulfate stabilization of cer-
ium(IV) and an increasing tendency of
cerium to hydrolyze at low aciditics.
A sulfurie acid concentration higher than
approximately IN affects the cerium
distribution adversely because the ceric
chelate becomes less stable and sulfate
ion competition for the ceric ion is
more pronounced {Table ITI). Be-
cause the chelation of cerium(IV) is
highly selective from many other ions
in 1¥ sulfurie acid, subsequent experi-
ments were made at this concentration.

Based on' the following data, a 10-
minute extraction period was selected
for subsequent work:

Cerium
Extracted,
Minutes %
5 63.0
10 94.6
15 95.5
20 97.3

Two 10-minute extractions are rec-
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tive recovery of the eerium, but for
radiochemical analytical purposes where
a yield correction is applied, one cx-
traction is adequate. TUse of a double
volume of the organic phase did not
increase the yields appreciably.

The following data indicate that
sulfate stabilization of cerium(IV) is
important to effect a good yield and
that moderate concentrations of nitrie
acid can be tolerated.

Aqueous Phase Acidity Cerium
HNO;, H,S80,, Extracted,
N N %
1 .. 47.2
0.8 1 86.7
0.4 1 82.2

A solution of cerium, originally con-~
tained in nitric acid, should be adjusted
to approximately 1N sulfuric acid—0.58
(or less) nitric acid before performing
the extraction.

At cerium concentrations greater
than approximately 1 mg. per ml in
the aqueous phase, the extraction be-
havior was somewhat erratic, although
vields were still adequate for an ana-
Iytical radiochemical method (Table
IV). The decreasing extractability of
cerium with increasing concentration
at constant acidity may be an indication
of the hydrolytic polymerization of
cerium(IV) to form nonextractable
species. Such a phenomenon for zir-
conium. (2, 4, §) has been observed in
this type of system. In cerium carrier
work the aqueous phase after the initial
extraction was usually slightly cloudy,
and a small amount of precipitate settled
out within a few hours. However, the

organic phases were clear and cerium
yields were always satisfactory.

Scnecrion  or  Wase  SoLurioN.
Equal volumes of 0.5M 2-thenoyltri-
fluoroacetone—xylene containing the ce-
rium(IV) chelate prepared by the stand-
ard method were washed for 3 minutes
by mixing intimately with the following
various wash solutions:

Cerium
Loss,
a
1IN H80-01M K,Cr0—
0.2M NaBRO, 0.5
1N H:80,-0.2M NaBrO; 0.6
1IN H,80, 0.6
Distilled water <0.03

Less than 0.19, cerium washed out
of the organic phase in I-minute distilled
water wash after standing overnight,
indicating that the ecertum(IV) chelate
is rather stable in the 0.5M 2-thenoyl-
trifluoroacetone—xylenc phase. How-
ever, the standard wash solution se-
lected was 1N sulfuric acid, beeause ib
gave more efficient decontamination
from other elements. The use of oxi-
dants in the wash phase did not appear
necessary under the conditions used
in cerium carrier experiments.

Table V. Effect of Cerium Carrier on
Extraction of Cerium into 0.5M 2-
Thenoyltrifluoroacetone—Xylene

Cerium Cerium
Carrier, Extracted,
Mg. /ML A

0 99.0

0.4 94 5

0.8 92.1

1.7 82.6

2.5 77.1

4.8 61.0

StrIPPING OF OCErIUM CARRIER.

Equal volumes of 10V nitric acid were
used to strip the cerium from the or-
ganic phase. The data given below
indicate the ease of removing the cerium
from the organic phase with 10N nitrie
acid.

Volume of Cerium
Stripping Stripped,
Minutes Solution 7,
1 Tqual >99.9
3 Equal >99.9
1 One half >99.9

Even smaller volumes of 10N nitric
acid stripping agent may be used.
The standard stripping solution selected
was an equal volume of 10N nitric acid
with a I-minute agitation period. A
nitric acid concentration of 8N was



also effective, requiring only a few
seconds longer than 10N nitric acid.
Thé main eriterion in stripping the ce-
rium carrier is decolorization of the
organic phase. Actually, a l-minute
agitation with an equal volume of 10N
nitric acid is a several-fold cxcess.

Cemparable concentrations of hydro-
chloric acid and sulfuric acid, or dilute
hydrofluoric acid and various reducing
agents, may be used to strip the cerium.
Nitric acid was selected as the standard
stripping solution because occasionally
it may be desirable to re-extract the
strip phasc to give more effective de-
contamination from zirconium, pro-
tactinum, and iron.

'

Table V. Effect of Hydrochloric Acid
Concentration on  Extraction of
Cerium(lV) Carrier

Aqueous Phase -~ Cerium
H,S0,, HCI, Extracted,
N, N ©
1 0.05 10.2
1 0.5 5.2
1 1 1.7
ErrecTs oF HyprocHroric Acip,

Though chloride ion is known to greatly
accelerate the reduction of certum(IV),
several experiments were performed in
the presence, of varying amounts of
hydrochloric acid to determine the
degree of, interference. Table V indi-
cates that even 0.06N hydrochlorie
acid interferes severely with the oxida-
tion of cerium(III). Hydrochloric acid
(or chloride ion) should be removed or
destroyed prior to the oxidation of
cerium. One convenient method would
be to precipitate cerous hydroxide when
carrier is 'present, wash thoroughly,
dissolve the precipitate in sulfuric acid,
and then use the standard method.

DECONTAMINATION FROM OTHER ELEMENTS

Elements found in fission product
solutions were tested for degree of
separation from cerium. Each pure
element was studied individually in the
standard procedure and the analyses
were performed in quadruplicate.

The standard procedure was used.
Appropriate reagents were added and
mixed before placing the solution in
the ice bath. After completion of the
procedure, the strip phase was ana-
lyzed for the appropriate element. In
several instances (Table VI) the strip
phase was waghed for 5 minutes with
an equal volume of 0.3M 2-thenoyl-
trifluoroacetone-xylene to achieve in-
ereased decontamination.

The alkalies and alkaline earths were

Table VI.
Amount Added,

Element Counts/Min.
Eu(152-154) 1.2 X 107 ()
Nb-95 2.3 X 108 ()
Pa-233 1.2 X 108 (&)
Zr-95 1.8 X 107 (v)
Ru-106 4.5 X 10° ()
U-233 3.8 X 10° (a)
Th-232 1750 (mg.)
Np-239 3.7 X 108 ()
Pu-239 6.2 X 10% (a)
I-131 1.9 X 107 (4)
Sb-124 6.6 X 105 ()
Fe-59 4.6 X 105 ()

Decontamination of Carrier Cerium from Various Elements

Found in Strip Phase, %
After one wash

]
7

WO=UWo =]
n

coocwor~oC
COOWWHD

oo
=1=
R

<0.001°
0.05

0.70 0.04

@ The 5-minute oxidation should be performed in boiling water bath to effect good de-
contamination. About 63% of plutonium followed through when ice bath oxidation was
used. Small amounts of plutonium may be allowed to follow through the method, if beta

or gamma counting of eerium is to be done.

Use of sodium bromate gives excellent de-

contamination from iodine, due to formation of nonextractable iodate.

& No KI carrier.
< 1.6 mg., per ml, of KI.

not tested because they do not form
chelatesin 1V acid with 0.5M 2-thenoyl-
trifluoroacetone—xylene. The trivalent
actinides, americium and curium, behave
similarly to europium(lIl) in this
system., Decontamination appeared to
be essentially the same whether ce-
rium carrier (0.8 mg. per ml.) was present
or absent. The decontamination re-
sults may, therefore, be regarded as
conservative if an additional oxalate
precipitation is performed in the radio-
chemical analytical method.

APPLICATIONS

The method discussed offers a rapid
purification technique for radioactive
or inactive cerium, and may occasionally
prove useful for the elimination of ce-
rinm interference in other work. In
carrier-free certum tracer work, the
technique may be used to estimate fis-
ston product cerium in an all-extraction
method. Forinstance, radiocerium may
be counted directly in an aliquot of the
strip solution. This technique is often
adequate in process eontrol-type work.

The carrier method offers a fast, safe,
and simple technique for the deter-
mination of radiocerium. Yields av-
erage approximately 80% and the pre-
cision is within about 295. The method
requires about 1 hour. Although sepa-
ratory funnels or other extraction vessels
may be used, 50-ml. Lusteroid centri-
fuge tubes were used in this work.
They are inexpensive enough to discard
after use, and eliminate much washing
of glassware as well.

During the course of this work, it
was observed that approximately 700
¥ of cerium per ml. of 0.5M 2-thenoyl-
trifluoroacetone—xylene gave a very

dark reddish-brown color. Upon dilu-
tion it was possible to detect a few
tenths of a microgram of cerium visually.
Instrumentally, the sensitivity could be
extended considerably. The color was
stable for several weeks.
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Estimation of Sodium Hyponitrite in the Presence of
Sodium Nitrite, Sodium Nitrate, and Sodium Carbonate

Action of Nitrogen Tetroxide or Dioxide on Hyponitrites

VASANTRAI TRAMBAKLAL OZA

M. R. Science Institute, Gujarat College, Ahmedabad, India.

P Experiments conducted in this labora-
tory indicate that when sodium hypo-
nitrite reacts with nitrogen tetroxide at
a low temperature the only solid prod-
uct of the oxidation is sodium nitrate.
Because liquid nitrogen tetroxide dis-
solved in low concentration in an
organic solvent, such as carbon tetra-
chloride or chloroform, does not react
with sodium nitrite, sodium nitrate, or
sodium carbonate, it is thus possible
to determine sodium hyponitrite in their
presence. Details of the low tempera-
ture procedure are given.

oDIUM hyponitrite is oxidized ulti-
mately to sodium nitrate by the
action of nitrogen tetroxide through
several intermediate reactions (7). Ni-
trogen tetroxide reacts with sodium
carbonate dried at 600° C. on prolonged
contact. The ultimate product of re-
action is nitrate and the percentage
conversion only 10.29, in 19 hours ().
Sodium hyponitrite, though isosteric
with sodium carbonate, was found to
react vigorously even with chlorine and
bromine. When a solution of chlorine
or bromine in dry carbon tetrachloride
was added to dry sodium hyponitrite,
vigorous reaction took place with evo-
lution of heat and gas. The reaction
was carried out at 0° C. The residue,
after being dried with dry ether and
dissolved in water, gave a distinet
test for chlorate in admixture with
chloride or bromate in admixture with
bromide, but both hypochlorite and
hypobromite were absent. Dry sodium
carbonate under similar conditions was
stable, even on prolonged contact. If
sodium hyponitrite reacts in the same
way as sodium carbonate with nitrogen
tetroxide the reaction should proceed

completely as follows:

NazNz0; + 2N;0, —>
2NaNO; + N:O + N,0; (1)

No nitrogen should be formed and the
amount of nitrous oxide formed should
be the same as the amount of nitrogen
trioxide formed. An experiment carried
out in vacuum (9) at 0° C. revealed the
presence of nitrogen, nitrous oxide,
nitrogen trioxide, and nitrogen tetroxide
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in the gas mixture and only sodium
nitrate in the solid residue. Thus, it
is clear that the reaction is not as simple
as shown by Equation 1.

Nitrogen tetroxide or dioxide does
not react with sodium nitrite below
140° C. (3, 4). These experiments were
also performed by the author in vacuum,
and the same conclusion was reached
from the analysis of the solid residue
and gaseous products.

Liquid nitrogen tetroxide diluted with
organic solvent at a much lower con-
centration than in experiments cited in
the literature has been found to be
inert toward sodium nitrite, sodium
nitrate, or sodium carbonate. How-
ever, it reacts with sodium hyponitrite
which may exist in different forms
(7), giving undoubtedly only one solid
product, sodium nitrate, at low tem-
perature.

N0y
Na;N,0; ——> 2NaNO;

EXPERIMENTAL

Materials. Sodium hyponitrite was
prepared according to Partington and
Shah (£1). Itspurity was established by
methods worked out by Oza and co-
workers (6, 8, 10). Sodium nitrite,
sodium nitrate, and sodium carbonate
were extra pure analytical reagent
chemicals. Anhydrous sodium carbon-
ate was dried at 900° F. (482° C.) in an
electric furnace for 2 hours, kept in a
desiceator over phosphorus pentoxide,
and analyzed. All organic solvents used
in experiments were redistilled over
phosphorus pentoxide. Nitrogen tetrox-
ide (or dioxide) was prepared and sealed
in tubes as described by Oza, Oza, and
Thaker (9). These tubes (Figure 1, A),
containing liquid nitrogen tetroxide,
were made specially and sealed at the
end, so that they could be broken easily
in the tube containing organic solvent.

Procedure. About 20 ml. of carbon
tetrachloride or chloroform was placed
in a tube (Figure 1, B) and cooled to

approximately 0° C. by an ice-water .

mixture. A tube, 4, containing nitro-
gen tetroxide {(approximately 0.5 gram)
was inserted in tube B and placed as
shown in Figure 1 in order to facilitate
its breaking in the solvent. This as-
sembly was kept in the bath for about

Figure 1. Assem-
bly for determina-
tion of sodium

hyponitrite by
reaction with ni-
trogen tetroxide
at low tempera-
ture

15 minutes. Tube A was then broken;
nitrogen tetroxide was released slowly
(the temperature being kept low) and
allowed to dissolve in the organic sol-
vent. - The tube was shaken carefully
in the bath to make the solution homo-
geneous.

Sodium hyponitrite was placed in a
dry test tube and weighed. This tube
was placed in the same bath to attain
low temperature. Approximately 5§ ml.
of the previously prepared solution of
nitrogen tetroxide in organic solvent
was added to this hyponitrite and the
solution and solid mixture were shaken
carefully and allowed to remain in the
bath for 10 to 15 minutes. Lfferves-
cence indicated the escape of some gas;
this ceased within 2 or 3 minutes, but
the test tube was allowed to remain at
low temperature for 10 or 15 minutes.

The liquid was then ecarefully re-
moved by decantation and the residue
washed repeatedly with pure, cold sol-
vent until the final washing gave no
color, even at 50° C. The residue was
then washed with dry ether, dried in
hot air at about 70° C., and weighed.
The residue was then dissolved in water



and analyzed qualitatively for hypo-
nitrite ion, nitrite ion. and nitrate ion.
Hyponitrite and nitrite were absent,
and only nitrate was found. The ma-
terial was then analyzed quantitatively
for nitrate (5).

The experiments were conducted in a

similar manner with pure sodium
nitrite, sodium nitrate, and sodium
carbonate, and in admixture with the

hyponitrite. Carbonate and nitrite in
aqueous solution were determined by
standard methods.

RESULTS

Fxperiments 1, 2, and 8 (Table I)
were carried out with sodium hvponi-
trite alone, and the nitrate formed was
determined by a standard method ().
In experiments 4, 5, and 6 the nitrate
formed from hyponitrite and that from
the sodium nitrate taken were de-
termined (column 4). Total sodium
nitrate formed from hyponitrite was
calzulated (column 5), and the weight
thus obtained, if substracted from the
weight of residue formed (column 3),
was in close agreement with the amount
of nitrate taken. In Ixperiments 7,
8, 9, and 10, only sodium hyponitrite
reacted with nitrogen tetroxide or
dioxide; sodium carbonate remained
unaffected. Chemical determination of
nitrate formed gave results in close
agreement with those caleulated for its
formation {from hyponitrite only. In
Experiments 11, 12, 13, and 14, the
nitrite content of the residue was esti-
mated by a standard method. The
nitrite was converted to nitrate by
standard permanganate solution, and
this along with the other formed from

Table I.

Substance Taken

No. Gram

1 Na,N:0, 0.0525

2 0.0735

3 0.0852

4 NayN;0. + NaNO; 0.025 + 0.020

5 0.0352 + 0.030

6 0.0485 + 0.040

7 Na,N;0: + Na.CO; 0.0387 + 0.0412

8 0.0465 4+ 0.0525

9 0.0565 + 0.0425
10 0.0156 + 0.0415
11 Na,N.0, + NaXN0O. 0.0210 + 0.025
12 00280 4 0.045
is 0.0325 + 0.045
14 0.0415 + 0.050

Estimation of Sodium Hyponitrite®

Nitrate Nitrate
Weight (Total) Found (Caled. from
of by Chemical Hyponitrite
Residue, Estimation, Taken),
Gram Gram Gram
0.0843 0.0841 0.0842
0.1182 0.1190 0.1179
0.1370 0.1368 0.1367
0.0600 0.0602 0.03999
0.0864 0.0865 0.05644
0.1177 0.1178 0.07773
0.1040 0.06210 0.06205
0.1268 0.07460 0.07457
0.1330 0.0907 0.09067
0.0665 0.0250 0.02501
0.0587 0.06448 0.03368
0.0899 0.1005 0.04490
0.0963 0.1070 0.05122
0.1164 0.1285 0.06655

2 Solvent used to dissolve nitrogen tetroxide was chloroform

hyponitrite was then determined by

the standard method. These results
are given in column 4.
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Sensitive Photometric Technique for Determination
of Organophosphorus Compounds

F. T. EGGERTSEN and F. T. WEISS

Shell Development Co., Emeryville, Calif.

» A brief examination was made of a
technique  for  determining  small
amounts of organophosphorus ma-
terials, which involves initial reduction
to a phosphine with a solution of
lithium aluminum hydride. The phos-
phine vapors generated are allowed
to react with either silver nitrate or
gold chloride on paper. A qualita-
tive esfimation may be made visually,
or a more precise determination can
be made by photometric examination
of the test papers. Of the several
compounds tested, organocompounds
could be detected in microgram

amounts, while inorganic materials

produced but small response.

Cl:'rw PHOSPHATE and benzenephos-
phonous acid can be reduced with
lithium aluminum hydride in boiling
diethyl ether solution. Karrer and
Jucker (5) and Weil, Prijs, and Erlen-
meyer (8) have recently published
work on these experiments, in which
they obtained phosphine and phenyl-
phosphine, respectively, and swept it
out of the reaction system with a
stream of nitrogen. Similar reductions

have been effected by Horvat and
Furst (4) and by Freedman and Doak
(2). These observations suggested an
analytical method based on reduction
with lithium aluminum hydride and
subsequent determination of the phos-
phines.

The Gutzeit test (3, 6, 9) for detec-
tion of arsine or phoﬁphme, which is
based upon the ability of these vapors
to react with silver ions or with other
metal ions to produce a colored product,
appeared suitable for detection of the
phosphines produced. The procedure
finally developed involved reduction
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of the phosphorus compound in a suit-
able solvent by addition of an ether
solution of lithium aluminum hydride.
The phosphine produced was passed
through silver nitrate—treated indicator
paper using air as sweeping gas.  The
intenszity of the test was measured by
photometric  examination of the test
spots.

EXPERIMENTAL

Lithium Aluminum Hydride Re-
ducing Solution. Ethers, particularly
diethyl ether, are gencrally recom-
mended for this reducing agent, al-
though a number of other solvents
can be used including the evelic ether,
tetrahydrofuran, and  N-cthylmorpho-
line (7). Qualitative experiments with
various solvents indieated that diethyl
ether or a | to 1 mixture with n-
butyl ether was suitable for the phos-
phine reduction test. No test could be
obtained using diisopropyl ether, di-
oxane, or Carbitol (monoethy] ether
of ethylene glycol) us solvents. Tetra-
hydrofuran =olutions were moderately
active when first prepared but lost
theiv  activity rupidly.  N-Ethylmor-
pholine solutions gave a high blank
test.  The phosphorus compounds
could not be reduced to phosphines by
adding solid lithium aluminum hydride
to an ether solution of the test sample,
perhaps because of a different course of
reaction with the solid reagent while it
is dissolving.

In the present study the reducing
solution was prepared by adding 25 to 50
mg. of the solid hydride to 3 ml. of 1 to
1 ethyl ether and di-n-butyl ether and
agitating gently for 1 or 2 minutes to
assist solution. A small amount of
material always remained undissolved.
The solution was prepared fresh for each
experiment.

Indicator Papers. The (tutzeit test
for arsine or phosphine is normally
performed by allowing the vapor to
come in contact with & paper which has
been moistened with an aqueous solu-
tion of a silver, copper, or mercurie
salt (3). A gold chloride solution in
cthyl aleohol has wlso recently been
suggested  (6).  In tests with 0.1
golutions, silver niwrate in 9397 cthyl
uleohol was as effective as gold chlo-
ride-ethyl aleoliol, and the former test
paper was selected.  With silver the
sest spots were yellow to brown, while
sold produced lavender spots.

The paper was in the form of strips
cut from « roll of paper tape (Hurlbut
Paper Co. South Lec, Mass.). A me-
dium porosity filter paper worked equally
well.  Whet ethyl alcobol wus used as
solvent for the indicator salts, the test
paper dried more "apidly to a constant
absorbance than if water solutions
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LiAlH,
Solution ™ Dispersion
Thimble
Reducing
Vessel
Figure 1.

compounds to a phosphine

Water Bubbler
(Humidifier)

Test

Outlet to ——{] || Paper

Photometer Cell
(Duralumin)

Apparatus for reduction of phosphorus

Scale, 1/, size

were used.  However, it was necessary
to keep the paper moist with water
during the test to obtain the best
sensitivity.,  The moisture content was
maintained by puassing the test stream

through « sintered-glass plate water
Dubbler.  The solubility of phosphine

in water is low enough so that ap-
parently very little was retained in the
bubbler - When a number of tests were
to be performed. several papers were
prepared  beforehand by moistening
them with the silver solution and super-
ficially drying them in a dark chamber
through which « moist stream of air
(water bubbler) was passed.  Alter-
natively the paper strips can be dried
individually by allowing ethyl alcohol
to evaporate for about 0.5 minute bhe-
fore placing the strip in the photometer
test cell.

Photometric Examination. To per-
mit quantitative measurement of the
extent of color produced by reaction
of the phosphine on paper, a Fisher AC
Model Electrophotometer wus equipped
with & Duralumin  photometer  cell
assembly (Figures 1 and 2) especially
constructed for the purpose, thus con-
verting the instrument into a paper
densitometer.  The test cell had a gas
inlet and outlet such that the intensity
of light transmitted through the paper
could be measured continuously. The
additional two cells of the three-cell
assembly were for a simultancous blank
test, if desired, and a standard reference
paper.  The glass windows of the cells
were cemented into place with an Epon
(registered trade-mark) adhesive. The
test papers were held tightly between
two halves of the cell and against an
O-ring by « spring mechanism, an arca
5 mm. in diameter being exposed to the
¢as stream. In order to prevent reduc-
tion of the gold or silver detection agent
in the test paper by the Duralumin
alloy, the portion of the cell in contact
with the paper was coated with an
amine-cured lipon varnish (7). To ob-
tain greater sensitivity in the measurc-
ment, the potentiometer of the instru-
ment was  repliced by a Beckman
Helipot, and an external galvanometer
having a sensitivity of 0.03 pamp. per
mm. was used. It was necessary to re-
duce the intensity of the reference light

Figure 2. Cell assembly for phosphine
paper test

bean to approximately that of the light
transmitted through the test papers.
This was done by interposing a small
piece of filter paper between the light
source and the reference photocell.

A red filter (625 mu) was used in all
the tests beeause it was felt that this
light would minimize photoreduction of
gold or silver salts used as impregnants
for the test papers. However, later
experiments showed that yellow, green,
or blue filters give a greater response
with the gold chloride test paper, vet
do not produce unduly high blanks.

Procedure. One milliliter of a solu-
tion of the test sample in dibutyl
phthalate was placed in the reducing
vessel (Iigure 1). Dibutyl phthalate
was used in these experiments’ because
of its solvent power, although a greater
response could be obtained with some
of these materials in the test with ether
solutions, possibly because ethers are
less reactive with the hydride. The
silver nitrate test paper was inserted
into the photometric test cell and the
vacuum line connected to the outlet of
the test cell, so as to draw humidified
air through the paper at the rate of 100
cc. per minute. The Helipot reading
was recorded after it became constant
(1 to 2 minutes). The outlet of the re-
duecing vessel containing the sample
was then connected to the humidifier,
with the gas flow rate still at about 100
cc. per minute, and 3 ml. of the lithium
aluminum hydride reducing solution was
added slowly through the opening of the
dip tube in the reducing vessel. The



Table I. Results of Phosphine Tests

Phosphorus Decrease in
No. Compound Present, v Transmittance,> % Remarksh
1 Blank 3
2 Tributyl phosphate (11.6% P) 0.23 14
‘ 2.3 © 69
3 Diisopropyl methyl phosphonate 0.34 5
3.4 24
O 34 88
i
[(CH3):CHO1,P
3
(17.2%P)
1 Diethyl chlorophosphonate 0.36 23
3.6 90
/
(C,Hs0).P
Cl
(18.0%P)
5  Parathion S
Va
(C,H;0).P 2.6 8
‘ 6.4 15,16°¢
OCH,NO, 12.8 23
i 25.7 49, 48¢
(10.7% 1)
6 H;P0y, 85% aqueous 0.8 mg. 4 Suspension in DBP
7  KH,PO; 2.1 mg. 6 No DBP present,
8 P.0s 2.2 mg. 3 Suspension in DBP
2.2 mg. 33,26 No DBP present
« Tquivalent to per cent decrease in Helipot reading.
¢ DBP, dibutyl phthalate.
¢ Dilute sodium hydroxide serubber used in exit line.
reaction vessel was not heated during However, some idea of the limit of the ACKNOW LEDGMENT

the test. After about 5 minutes the
Helipot reading attained a nearly con-
stant value, indicating that generation
of phosphine was essentially finished.
Actually the major portion of the phos-
phine produced was usually evolved in
2 or 3 minutes.

Blank tests were performed in ex-
actly the same way except that a phos-
phorus compound was not added to the
dibutylphthalate.

RESULTS

Several phosphorus compounds were
subjected to the reduction test using
1 ml. of dibutylphthalate as the solvent;
the results are summarized in Table L.
These materials gave phosphine tests
of varying intensity, indicating that the
particular groups attached to the phos-
phorus atoms have considerable effect
upon the yield of phosphine obtained.
In No. 3 methylphosphine would be
expected, which may not behave the
same as phosphine in the Gutzeit test.
The greatest response was found with di-
ethyl chlorophosphonate, in which case
the equivalent of 0.2 y of phosphorus
was detected. No tests were made

with known amounts of phosphine to-

determine the lower li1:11'1t of the test.

Gutzeit test is indicated by the work of
Mokranjac and RaSajski (6), in which
0.05 v of arsine, equivalent to 0.02 +
of phosphine, was detected.

In the test obtained with Parathion
it was suspected that hydrogen sulfide,
which. interferes with the silver nitrate
paper test for phosphine, may have been
produced. However, when dilute so-
dium hydroxide solution was used in the
humidifier instead of water, a procedure
which removed hydrogen sulfide quanti-
tatively from the product gas stream,
the result was unchanged. Thercfore,
the test obtained was due entirely to
phosphine.

A few inorganic compounds were also
tested. With phosphoric acid and po-
tassium dihydrogen phosphate little or
no effect was obtained beyond that ob-
served in a blank test. The amount of
lithiom aluminum hydride employed
was in large excess to the small amount
of water present in the 85%, phosphoric
acid sample. Phosphoric anhydride
gave no test for phosphine when it was
suspended in dibutyl phthalate. How-
ever, this compound produced an ap-
preciable amount of phosphine when the
hydride solution was added directly to
the dry sample.

The authors are indebted to C. J.
Penther and W. H. Husing for assistance
in modifyving the Fisher colorimeter to
serve as a paper densitometer.
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Tests for Aluminum and Hydroxytriphenylmethane Dyes

FRITZ FEIGL and DAVID GOLDSTEIN

Laboratério da Produgiio Mineral, Minstério da Agricultura, Rio de Janeiro, Brozil
Translated by RALPH E. OESPER, University of Cincinnati, Cincinnati, Ohio

P The chelate compounds produced
in neutral or basic media by the ac-
tion of aluminum ions with hydroxy-
triphenylmethane dyes are decom-
posed but slowly by hydrochloric or
sulfuric acid {(up to 1 to 1) and excess
dye or dye acid can be removed by
extraction with ether. Tests for alu-
minum ions can be based on these
findings. As little as 0.1 y of alumi-
num can be detected if Chrome-fast
pure blue B is used as the reagent.
The color reaction can be employed
for the specific detection of alumina
and also for traces of aluminum in
water and silicates. The acid resist-
ance of their aluminum compounds
makes possible o spot test for
hydroxytriphenylmethane dyes; the
limits of detection are from 0.1 to 5 «.

sitive test for aluminum in which a
violet color is produced by adding
Eriochromecyanine (I) and alkali to
an aluminum solution and then acidify-
ing with dilute acetic acid. This color
reaction is likewise the basis for colori-
metric methods for the determination
of aluminum (6, 9, 711). According to
Millner (6), the colored product con-
tains three equivalents of the dye radi-
cal per atom of aluminum. [In the
literature cited here and likewise the
work of Sandell (7) the water-soluble
aluminum-Erichromecyanine compound
is designated as a color lake. This ex-
pression, taken from dye chemistry for
produets derived from the action of
metallic mordants and dyes, should be
reserved for nonstoichiometrically de-
fined adsorption -compounds of dyes
and metal oxides, hydrous oxides, or
hydroxides, in gel or hydrosol form (3).]
This indicates & chelate compound in
which the aluminum is a constituent of
a colored anion, as shown in the possible
formulation (Ia):

COONa COOl\ a

HO—,
H.O— 4I3_ J—CH,
@»soxm

I

I :EGRIWE (7) described a very sen-
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COO - AI/ 3

i()
H,C \ C=

Ia

Although the Eegriwe color reaction

can be accomplished with a drop or two -

of an aluminum salt solution, it has
not been adopted .in spot test analysis
because of insufficient selectivity. In
studies to overcome this fault it was
found that the aluminum-Eriochreme-
cyanine product formed in an alkaline
medium has considerable resistance to
strong hydrochloric acid, even though
the color reaction deoes not occur at
this degree of acidity. This fact was
shown by the following trials, in which
the reactants at like concentrations were
brought together in a different order and
the unused dye (or its acid) was then
extracted with ether: (g) 1 ml of
0.1% aluminum sulfate plus 1 ml, of 1%
dye solution plus 1 ml. of 1% sodium
hydroxide 4 3 drops of concentated
hydrochlorie acid and (b) 1 ml. of 0.1%
aluminum sulfate plus 1 ml of 1%
sodium hydroxide plus 3 drops of éon-
centrated hydrochloric acid plus 1 ml.
of dye solution.

If @ and b are shaken with 1 or 2 ml.
of ether, the latter becomes yellow, and
the water layer is intensely red in a
but only pale pink in 6. The color in
b is not due to a slight amount of the
aluminum-dye product but is the con-
sequence of incomplete cxtraction of
the excess dye acid from the water
layer. A blank with water yielded
this same pink. The red water layer
obtained in a, after the extraction with
ether, gradually loses its color because
the strong hydrochloric acid slowly
decomposes the aluminum-Eriochrome-
cyanine product. It is likely that
during the decomposition there is tran-
sient production of the ioniec species
[AlAc;]T and [AlAc]**, in which Ae
denotes an inner complex bound anion
of the dye.

Since the dye acid is not extracted

quantitatively by ether from an acidic
solution, a comparison blank is required
if very small amounts of aluminum are
being sought. This slight drawback
led the authors to try other hydroxy-
triphenylmethane dyes of analogous
structure, since in accord with the ac-
cepted concept of group action in or-
ganic reagents (2), such other dyes could
be expected to function likewise as
color reagents for aluminum under the
preseribed conditions. This expecta-
tion was confirmed with Eriochrome-
azgurole (II), Chrome-fast pure blue B
(ITI),  Aurintricarboxylic  acid(IV),
Naphthochrome green(V), Chrome-
azurole 8, and chromate blue.
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All these dyes come on the market
as their water-soluble alkali salts, and
addition of acid to their solutions lib-
erates the corresponding dye acid,
which is not soluble in water in most
cases. Group A of these acids is prob-
ably responsible for the chelate binding
of the aluminum as shown in Ia. The
reason that no color reactions are ob-
served when solutions of aluminum salts
acidified with mineral acids are treated
with alkali salts of these dyes or with
alcohol or dioxane solutions of the re-
spective dye acids may be that A is
present in the nonreactive hydrogen-
chelate form, A!, which is in pH-de-
pendent equilibrium with the reactive
anion, A2 Adequate concentrations
of A? are produced from this equilib-
rium

O O—
N\ 7
COOH 0OC H oC

a hJ) - h:o -

A At A? (1)

when the system is neutralized or made
basie.

On this basis the formation of the
acid ~ resistant aluminum salts of
hydroxytriphenylmethane dyes can be
formulated:

0

oIJ e

(\J) + OH- +
0
VRN

oC Al/33

|
AT+ ng 1+ HO (2)

Of the dyes that have been tried,
the most worthy of recommendation are:
Chrome-fast pure blue B (III) and
Naphthochrome green G (IV): their
dye acids can be quantitatively ex-
tracted with ether. The respective
aluminum salts are magenta and blue-
green. If magnesium oxide is used as
hydrogen acceptor and sulfuric acid is
employed for the acidification, prior to
the extraction with ether, the only in-
terfering cation is chromium (ITT),
and this difficulty is easily overcome by
preliminary oxidation to chromate.

If the solution is made alkaline with
ammonium hydroxide, cobalt(II) ions
act like aluminum ions but’ with lower
» sensitivity. Likewise, if ammonium
hydroxide and hydrochloric acid are
used, zirconium(IV) ions interfere by
yielding a red color. The destruction
of this red zirconium compound by
sulfuric acid is probably due to the
production of complex zirconium-sulfate
ions.

DETECTION OF ALUMINUM

A 5%, water solution of either Chrome-
fast pure blue B or Naphthochrome
green G can be used in the following
procedure. The positive response of the
test is indicated by a red or blue-green
color, respectively.

Procedure. The test is conducted
in a micro test tube. A drop of the
solution being tested is treated with
slight additions of powdered mag-
nesium oxide until a slight excess re-
mains. One drop of the dye solution
is'introduced, the mixture is swirled,
and after about a minute is made acid
with a drop of 1 to 1 sulfuric acid. If
no more than small amounts of alumi-
num are present, the excess red dye acid
is precipitated, but considerable quanti-
ties of aluminum consume the dye com-
pletely  The mixture is shaken with 10
to 15 drops of ether. Any superfluous
dye acid passes into the ether, and the
water layer is magenta, pink, or green,
depending on the dye used and the
quantity of aluminum present.

Limit of detection, 0.1 v of aluminum,
Dilution limit, 1 to 500,000,

This procedure revealed: 2 4 of
aluminum in the presence of 1000 v of
beryllium, zirconium, copper, nickel,
cobalt; 0.2 v of aluminum in the pres-
ence of 1000 v of zinc or manganese.

Five micrograms of aluminum were
detected in the presence of 2500 y of
iron or 500 v of titanium. If the triva-
lent iron is reduced to the divalent state
by means of concentrated thioglycolic
acid prior to introducing the magnesium
oxide, as little as 0.5 v of aluminum can
be detected in the presence of 2500 v of
1ron.

* Gallium, scandium, and lanthanum
salts show no reaction at all.

When chromium is present, 1 drop of
the neutral or slightly acid test solution
is treated with a drop of 5§ sodium hy-
droxide and a drop of 309, hydrogen
peroxide and the mixture is kept for 10
minutes in a boiling water bath., The
mixture is cooled and then a drop of the
5% dye solution and a drop of 1 to 1
sulfuric acid are added. The mixture is
then shaken with 10 to 15 drops of
ether and the water layer is examined for
a red or orange color. It is possible in
this way to deteet 5 v of aluminum in
the presence of 1000 v of chromium.

Even better limiting ratios can be ob-
tained by using the following procedure.

The chromium is oxidized in a larger
volume of liquid, the solution is acidi-
fied with a drop of concentrated hydro-
chlorie acid, a drop of 29 ferric chloride
solution is introduced, and the mixture
is made basic with ammonium hydrox-
ide. The mixed precipitate {[AI{OH); +
Fe(OH),] is separated from the chro-
mate solution by centrifugation and
washed free of chromate with water,
The purified precipitate is treated with a
drop of concentrated thioglycolic acid
(80%) and then dissolved in a drop of
1 to 1 hydrochloric acid. A drop of the
dye solution is added, the mixture is
made basic with ammonium hydroxide,
and enough hydrochloric or sulfuric

acid is added to bring about solution.
The excess dye acid is taken up in ether
as before.

- DETECTION OF ALUMINUM IN EXTREME
DILUTION

The collector action of ferric hydrox-
ide, as just described, can be employed
for the detcction of slight amounts of
aluminum,

Procedure. Twenty milliliters of
the test solution are treated with a
drop of 1%, ferric solution (chloride or
sulfate) and an excess of ammonium
hydroxide is added. The suspension
is centrifuged, in portions, in a conical
tube (capacity 5 to 7 ml). The
mixed precipitate on the bottom of

- the tube is dissolved in a mixture of

equal volumes of 2N hydrochloric acid
and concentrated thioglycolic acid. A
drop of the fast pure blue B solution is
introduced and the solution is made
alkaline with ammonium hydroxide.
Finally, the system is acidified with 1 to
1 hydrochloric acid and shaken with
ether. The water layer is pink if alumi-
num is present.

This procedure revealed as little as
0.4 v of aluminum. This corresponds
to a dilution of 1 to 50,000,000.

However, the aluminum in sea water
did not respond to this procedure. The
most likely reason for this failure is that
the aluminum is not present in the iono-
genic form;but as a constituent of col-
loidal clays. The usual content of
aluminum in sea water is 0.16 to 1.8
mg. per liter (8).

DETECTION OF ALUMINUM IN SILICATES

Aluminum bound in silicates must be
converted to the ionogenic state before
the present color reaction can be used
successfully. The usual tedious fuming
with hydrofluoric and sulfuric acids in
platinum can be advantageously re-
placed by fusion with zine chloride.
The resulting superheated hydrogen
chloride rapidly decomposes the silicate,
and the metals previously bound to
silica are released as chlorides (4).

Procedure. The pulverized sample
(less than 1 mg. suffices) is fused with
zine chloride in a small borosilicate or
hard-glass test tube and kept molten
for about 2 minutes. The cooled
mass is taken up in. the smallest
feasible volume of dilute hydro-
chloric acid. One drop of the fast
pure blue B solution and enough am-
monium hydroxide to make the system
alkaline are added. One drop of 1 to 1
hydrochloric acid is added and the
shaking with ether is conducted as de-
scribed previously. The water layer
will be pink or red if the silicate con-
tained aluminum,

"A very few minutes were sufficient to
reveal alumium in clay.

DETECTION OF ALUMINA

The color reaction described under
detection of aluminum will reveal
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the presence of alumina in insoluble
materials if the specimen is decomposed
by fusion with alkali bisulfate (pyro-
sulfate) or potassium persulfate (10).
A much quicker procedure is to moisten
the powder sample with an ether solu-
tion of the fast pure blue B; a red-
violet color appears almost at once.
Beryllium oxide yields a deep blue
under these conditions. These two
colored products, which are probably
adsorption complexes of the dye (3),
can be readily distinguished from each
other, because only the alumina ad-
sorbate is stable against dilute mineral
acids.

The following procedure is specific
for alumina and for its differentiation
from other acid-resistant colorless metal
oxides. Alkaline earth carbonates are
tinted blue-violet by the dye solution,
but the colored products are decomposed
by aecids. Becausc ecarbonates con-
sume the reagent, it is advisable to
remove them by digestion of the sample
with dilute acid before proceeding with
the actual test.

Reagent. One milliliter of a 1%,
water solution of Chrome fast pure blue
B is acidified with dilute hydrochloric
acid. The precipitated dye acid is
taken into solution by means of 10 ml.
of ether.

Procedure. A micro test tube is
used. A little of the powdered
sample is moistened with a drop or
two of the ether solution of the dye
acid. Alumina will assume an in-
tense blue-violet color. The ether is
driven off, the residue is treated with 2
drops of 1 to 1 acetic acid, and the mix-
ture is shaken with ether to remove the

excess dye acid. The solid retains its
color if alumina is present.

This procedure is suitable for testing
the ignition residues of organic alu-
minum preparations used in medicine
and for technical purposes. The ash
obtained from paper and leather can
also be tested for aluminum by this
procedure.

DETECTION OF HYDROXYTRIPHENYLMETHANE
DYES .

The color reaction of hydroxytri-
phenylmethane dyes with ~aluminum
offers the possibility of detecting dyes
of this kind (compare the introductory
discussion}. Aqueous solutions of their
water-soluble alkali salts or ether solu-
tions of the dye acids may be tcsted.

Procedure. The test is made in a
micro test tube. A drop of a 5%
solution of aluminum sulfate is treated
with a drop of the water or ether test
solution, and a drop of ammonium
hydroxide is then added. If necessary,
the ether 15 expelled from the basic solu-
tion by heating. A drop of 1 to 1 hydre-
chloric acid is introduced. A color that
persists even after extraction with ether
indicates the presence of a hydroxytri-
phenylmethane dye.

The procedure revealed the following
amount of the various dycs, which yield
the respective colors in the water layer:

0.1 v Chrome-fast pure

blue B (violet)
0.1 v Eriochromecyanine (violet)
2.5 v Naphthochrome
green G (blue-green)
1 4 XNaphthochrome
violet R (violet)
5 v Aurintricarboxylic
acid (red)

If this test is being applied to a mix-
ture of dyes, it is well to digest the
sample with acid and to apply the test
to the ether extract of the mixed dye
acids.
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MEETING REPORTS

Society for Analytical

AT THE annual general meeting of the
Physical Methods Group held on No-
vember 28 in London, a paper on “Opti-
cal Rotations in the Study of Organic
Structures’ by W. Klyne, Post Gradu-
ate Medical School, was presented and
discussed.

The use of optical rotations in the inves-
tigation of molecular structure depends on
two principles. (1) In compounds which
have two or more asymmetric centers, the
coutribution of each center is more or less
independent of the other centers (many ex-
ceptions). (2) The effect of substitution
on the contribution of a eenter is less, the
farther away from the center that substi-
tution takes place.

The limitations which rust be observed
in applying these ideas to structural prob-
lems were discussed. An adequate series of
analogies is necessary if conclusions are to
be reliable; the use of false analogies has
led on oceasion to serious errors.

Rotational evidence hag been helpful in
elucidating the structures of many natural
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products. Rotations may be of particular
value in stereochemxca%] problems and
above all in the assignment of absolute
configurations; the importance of these in
biochemical problem= has hardly received
its due measure of interest until recently.

The recent introduction of commercial
spectropolarimeters, which measure rota-
tions over the wave length range 250 to
700 mu, makes it possible to determine ro~
tatory dispersion curves easily. These
curves promise to be of much greater
value than “monochromatic’’ rotations as
an aid in the determination of organic
structures.

The fundamental theory of optical ro-
tations was not considered, as the empiri~
cal approach seemed more profitable at
present.  All values discussed were molec-
ular rotations (M) = (a) X mol. wt./100.

At a meeting of the Scottish Section,
held at the University of Glasgow in
Glasgow December 10 Edgar Rentoul
discussed ‘“Problems and Techniques in
Forensic Analysis.”

He dealt with the role of analysis in fo-
rensic work and expressed concern at the
increasing specialization of analysis, tend-
ing to place particular determinations in the
hands of a limited number of individuals,
ultimately rendering independent checks
almost impossible. The determination of
various poisons was reviewed, special ref-
erence being made to arscnie; irradiation
techniques show clearly the distribution of
arsenic along a single hair, The uses of
modern apparatus in forensic analysis and
possible future applications were de-
seribed. Some of the problems associated
with blood and blood stains were enumer-
ated, the benzidine test being regarded as
presumptwe evidence, requiring corrobo-
ration. Dangers associated with some of
the nawer insecticides were also mentioned.
Medicolegal aspects of urine analysis in
cascs charged under Section 15 of the Road
Traffic Act were described.

At the second annual general meeting
of the Western Section, held December
15 at Newport, R. C. Chirnside, Gen-
eral Electric Co., Wembley, discussed



the “Coordination of Analytical Tech-
niques in Industrial Research.”

The properties and behavior of materi-
als depend very largely on their chemical
constitution and physical structure. In a
research organization, and in technical
industry generally, it is therefore of para-
mount importance to have available the
proper facilities for determining the com-
position, structure, and other attributes of

all materials of interest. In fact, modern
industry relies at almost every stage of re-
search, development, and production on
the results of what has veen called broadly
chemical analysis of materials used in, or
in conjunction with, the produet.

It is now becoming more widely appre-
ciated that ‘“‘chemical analysis’ goes fur-
ther than determining the percentage com-
position of a sample, usuﬁly expressed in
some rather arbitrary way. It refers to

all those techniques and investigations
which contribute to our knowledge of the
structure and composition of materials.
This conception of analysis implies that
the analyst may find himself as a indi-
vidualina team of specialists, someof whom
would have no place in the traditional
chemistry laboratory. This in turn cre-
ates a situation in which some over-all co-
ordination of the various analytical tech-
niques is established and maintained.

CRYSTALLOGRAPHIC DA

153.

Uranium Tetrabromide, UBr,

R. M. DOUGLASS and EUGENE STARITZKY, The University of California, Los Alamos Scientific Laboratory, Los Alamos, N. M.

RYSTALS of uraniwm tetrabromide

were prepared by J. F. Suttle of the
University of New Mexico and this
laboratory by reaction of uranium di-
oxide with a tenfold excess of carbon
tetrabromide at 175° C. and subliming
off of the uranium tetrabromide thus
formed. Qudntlta.tlve chemical analysis
eave, by Welght 43.57%, uranium and
56.10%, bromine, to be compared with
42.69 and 57.319, respectively, calcu-
lated for UBr,.

{
CrYSTAL MORPHOLOGY

System. Monoclinie.

Habit. _Elongated pa.rallel to b, with
{101}, {101}, and: {0O11}.

Clea,vage {001} prominent.

X-Ray DrrrracTioN DaTa

Diffraction Symbol. 2/mC-/-.

Cell Dimensions. «y = 10.92 == 0.02 A.,
by = 8.69 &= .03 A, ¢y = 7.05 = 0.01 A,
g = 93.9 £ 0.1°; cell volume 667 A d,
a:h:ie = 1.26:1:0.81.

Formula Weights per Cell. 4.

Formula Weight. ~ 557.73.

Density. 5.55 grams per cc. (calcu-
lated; weight of unit atomic weight 1.6602
X 1072t gram); 5.35 [measured (1)].

Absorption Spectrum

Band maxima in mllllmu,rons and relative
intensities as viewed with Zeiss prism
microspectrometer eycpiece

Parallel Parallel Parallel
to X ‘to ¥ to Z
685 m 675 vs
665 vs, wide
670 vs 660 s, wide
645 m 650 m
640 m
‘ 632 w
626 ms
600 m, wide 600 vw 598 mw
583 vw
563 w 560 w 538 vw
526 w 523 w 523 m
512 s 512w
495 mw

OrTicAL PROPERTIES

Refractive Indices (5893 A.). nx =

1.86, ny = 2.02, nz = 2.06; geometric
mean 1.98. Lorentz-Lorenz refraction
49.6 ce.

Optic Orientation. Z =9b; X Ac¢ =
small.

Ophc Axial Angle (5803 A.). 2Vx =
51 + 3

Color. Brown.

Partial Powder X-Ray Diffraction
Pattern of Uranium Tetrabromide

d A, 4, A,
Wi Caled.  Obsde 11
001  7.03 6.99 10
200  5.45 5.48 3
11 478 177 2
201 4.45 448 3
020  4.35 436 5
021 3.70 3.70 1
220 340 341 2
202 3.0 3.06 7
221 - 3.01 3.02 3
311 2.95 2.96 8
202 2.87 2,86 <1
130 2.8 2.82 2
022 273 2.75 1
01 2.60 2.60 3
312 2.51 2,51 2
312 235 2.36 3
420 2.31 2.32 <1
330 2.26 2,28 1
113 2.25 2.25 4
407 293
133 2.3 2.22 2
203 2.2
113 2.187
331 2. 182} 2.187 5
331 2,120 2.133 2
102 2.085
041 2.076 2.081 4
025 2.063
51 2.061 2.035 <1
240 2.018
511 1.987 1.908 2
423 los2 1.975 1
223 1.968

2 Philips 114.6-mm.-diameter - powder
camera, Straumanis mounting; MCuKg)
= 1.5418 A. '

b Relative peak intensities above back-

ground from densitometer measurements.

01 [[e]
3
’ . 4 -
g “1 7
Y
z
ol
b

Figure 1.

Orthographic  projections
of crystal of uranium tetrabromide par-
allel to c and to b
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AIDS FOR THE ANALYST

Buret Arrangement for Some Special Titrations

Wolfgang J. Kirsten, Pharmacia Research Laboratories, Uppsala, Sweden

ABURET arrangement has been de-
veloped which is suitable for titra-
tions with solutions which cause stop-
cock freezing, or which must be kept
under inert gases or protected against
moisture or carbon dioxide, such as
Karl Fischer, titanous trichloride, and
nonaqueous solutions. For titrations
with potassium methoxide in benzene-
methanol solution, modified stopcocks
are used with the arrangement de-
seribed.

When not in use, the buret is as shown
in Tigure 1, with stopcock S in position
I, Figure 2. When titrations are to be
carried out, gas is made to enter (either
from a hand pump or from a source of
inert gas) through opening 4, stopcock S
being turned counterclockwise to posi-
tion II. The gas passes in and causes
an overpressure in the buret bottle.
Stopecock 8 is turned further counter-
clockwise to position ITI. The gas in
the buret passes now out through tube B,
Figure 1, and capillary R, and the solu-
tion from the bottle passes up through
tube € into the buret. The function of
capillary R is to prevent solution from

Figure 1. Buret arrange-

ment

A. Side tube of stopcock §
B. Tube for gas pressure con-
trol in buret and botile
Tube tor filling buret with
solution

Ultramax Teflon stopcock

Capillary to control gas flow
from buret to atmosphere

Stopcack for operation of
buret filling mechanism;
should be provided with
spring arrangement io
hold parts together tightly

=5 0

1

i
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coming up too quickly, and it thus pro-
vides for a foam-free, smooth filling of
the buret. When the buret is filled,
stopcock 8 is turned counterclockwise
again back to position I. The excess
solution in the buret now passes down
through tube C into the bottle and the
titration can begin. '

The arrangement seems to be fool-
proof. It is easy to remember always
to turn the stopcock counterclockwise,
but if it should be turned in the wrong
direction, nothing disastrous results.
It is not necessary to have the source
of inert gas attached to the buret when
it stands idle. With stopcock § in
position I, the buret and bottle are
under a slight overpressure and are
hermetically sealed from the atmos-
phere. When titrations are to he
carried out, the source of inert gas is
attached at A, stopcock S is turned to
position IV, and gas is passed through
for a while to expel atmospheric con-~
taminants from the connections. Stop-
cock S is then turned to a suitable po-
sition for use.

A. Side tube of stopcock §
E. Oxygen-absorbing solution

Figure 2, V, shows the stopcock ar-
rangement suitable for titrations with
titanous trichloride or similar solutions;
the arrangement in Figure 2, VI, is
suitable for Karl Fischer titrations or
those in nonaqueous solutions with
potassium methoxide,

When the arrangement was used for
titrations with potassium methoxide
in benzene-methanol solution, some
troubles occurred. with stopcock D,
Figure 1. The solution in the buret
and bottle, under a slight overpressure
of nitrogen, dissolves more gas than it
does under atmospheric pressure. As
soon as the solution passes out into the
Teflon part of the stopcock, the pres-
sure diminishes. The excess of dis-
solved gas is liberated and accumulates
in the hollow part of the stopcock above
the buret tip. When this part is
filled with gas, bubbles pass down
through the tip at irregular intervals and
cause volumetric errors. The stopcock
was, therefore, modified in the following
manner.

The hole in the Teflon body was drilled

p—
>

v
R
S huis u
A
F L
Figure 2. Stopcock positions and special modifications for buret
1, 1, IR, IV, Positions of stopcock §
V. Arrangement for titanous trichloride litrations
V1. Arrangement for Karl Fischer titrations and titrations in nonaqueous solution
VI,  Modified Ultramax stapcack
Vill.  Glass stopcock with Teflon inner part; ground-glass surface polished with ferric oxide

F. Ground joint sealed with Krdnig’s glass cement

G. Water- and carbon dioxide—absorbing reagents

L. Scores in Teflon parf, 0.5 mm. across, 0.5 mm, deep, 2 mm. long, which connect through
bore also in case the TeRon body might float during use



out to be cylindrical up to the side
channel. A nparrow glass capillary,
which fitted tightly into the hole and
which had a score in the upper end, was
forced into the hole in such a manner
that the score connected the bore of the
capillary and the side channel of the
Teflon body. The, stopcock is shown
in Figure 2, VII. There are no more
hollow parts in the stopcock, and any
liberated gases pass immediately down
tbrough the buret tip. Because the
green plastic of the Ultramax stopcock
was attacked by the potassium meth-
oxide-benzene-methanol solution, it had
to be replaced with Teflon, Another
possibility is to use an ordinary glass
stopcock provided with an inner part
of Teflon. This arrangement works
well, provided that the stopcock used
is small and that its inner part is held
tightly in the outer part with a strong
spring arrangement (Figure 2, VIII).
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Titration Flask

Ira Kukin, Gulf Research &
Development Co., Pittsburgh 30, Pa.

|
rHEE FLASK shown in the diagram has

been used to detect visual colori-
metric end points, particularly with dark
colored solutions which could not other-
wise be titrated readily by indicator
methods. )

Thus, in the determination of oils
of acid number between 0.0 and 0.35,
a 20-gram sample was weighed in the
flask and diluted with a suitable solvent
(1 to 1 benzene-isopropyl alcohol) to
the 120-ml. calibration mark on the
neck, B, of the flask, and indicator so-
lution (0.25 mli of 1% p-naphthol-
benzein in methanol) was added. The
solution was titrated with dilute (0.03N)
aleoholic sodium hydroxide contained in
a 5-ml. Koch microburet. The solution
in the neck of the flask was readily
stirred with a magnetic stirrer. The
path of descending droplets of titrating
solution is shown by the arrow. The
broken line shows the vortex created
by the stirring.

The bulk of the mixture to be ti-
trated and the diluting solvent are con-

tained in the base of the flask, A; only
a small portion is contained in the elon-
gated neck, B, and side arm, C, which
are made of tubing 19 mm. in outside
diameter. If the bulk solution is too
dark to permit a sharp visual end point
to be detected in if, color changes can
still be recognized by watching the
solution contained in the elongated
sections. In particular, near the end
point, the change in color of the descend-
ing drops of titrating solution in the
neck of the flask is in marked contrast
to the background color of the solution.
Because color changes first occur in the
neck of the flask, the end point can be
approached rapidly, without danger
of overshooting.

Side arm €, which extends out about
1.5 inches, is convenient for comparing
the color with a standard, as the side
arm of the flask containing the solution
being titrated can be placed alongside
the side arm of the standard. The side
arm may also serve as a double check
of the end point, as it is the last portion
of the flask to show the color change
brought about by the drops of titrating
solution which must first traverse the
bulk section 4. A is 2.25 inches in
diameter for 100~ and 120-ml. flasks.

The flask is very convenient for de-
termining small amounts of material
present in a mixture, particularly when

f«——BURET TIP

CALIBRATION MARK

STIRRING BAR

3 a4
2 5
6
s M, |——MAGNETIC
u STIRRER
10" 8

Titration flask

the initial dark color or opacity of the
solution obscures the visual end point.
Although such solutions can often be

titrated potentiometrically, thé sim-
plicity and rapidity of an indicator
method are desirable. Thus, known
amounts of naphthenic acid were
blended with a series of distillate oils of
NPA colors ranging from 1- to 8-;
the acid content of the blends ranging
from 0.15 to 0.90 acid number. The
blends were titrated potentiometrically,
as well as colorimetrically with the new
flask. The average deviation of the
results between the two methods was
+0.03 neutralization number. Two
of the five samples of oil, having NPA
colors of 7- and 8-, were too dark for
accurate titration by the ASTM color-
indicator method, I> 974-55 T. 1In the
range of 0.0 to 0.5 acid number, a
repeatability standard deviation of
0.005 acid number was obtained when
titrations were made in the new flask;
11 of the 44 samples evaluated had NPA
colors between 6- and 8-.

The flask can be used to extend the
range of some titrations to lower
concentrations. Thus, ASTM method

D 664 for the titration of acids potentio-

metrically is inapplicable to materials
having a neutralization number less
than 0.05; no pronounced inflection
point usually is found in such cases.
The end point then must be obtained
from a predetermined e.m.f. value,
which results in errors that may exceed
+0.04 neutralization number. When
these solutions were titrated colori-
metrically in the new flask, this diffi-
culty was not present; the dark colored
oils were easily titrated.

The flask has been compared with
other titration fasks—i.e., where a
small side arm of narrow tubing at-
tached to the base is used to detect the
end point of dark colored solutions.
The big advantage of the flask deseribed
is that it permits one to detect the color
change from the droplets of titrating
solution as they descend in the narrow
neck of the flask.

Flasks of 100- and 120-ml. capacities
(to calibration mark) were most con-
venient in this work. A liquid level
of at least 1 inch should be present in
the neck of the flask after the sample
has been diluted with a suitable solvent.
The sample size is chosen so that no
more than 10 ml. of titrating solution
will be necessary; this avoids exceeding
the over-ail capacity of the flask.

The opening of the flask is wide
enough to aceommodate the tip of
the buret and an inlet for nitrogen when
it is necessary to flush the solution
or blanket it with an inert atmosphere.

The flask should prove useful in faeili-
tating rapid and precise titrations, par-
ticularly for those not trained or ac-
customed fo detecting end points in
solutions where the initial dark color
or opacity obscures the visual end
point,
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Simple Centrifugal Filtration Assembly for Preparation of Solid Samples for Radiodssay

Felix Bronner and Nils A, Jernberg, Rockefeller Institute for Medical Research, New York 21, N. Y.

CENTRIFUGAL devices at present avail-
able for the preparation of solid
samples for radioassay (2, 8) merely
separate the precipitate from the super-
nate, which is then removed in a sepa-
rate step. The apparatus described
here (Figure 1) employs centrifugal
forces for simultaneous separation and
filtration and thus yields in one opera-
tion a precipitate rcady for counting.

with the aid of tool G. Tightness of fit
is further assured by the edge of the
lower end of 4. This edge presses
against the filter paper at an angle of
20°. The paper thus acts also as a gas-
ket. The tapered end of A and the cor-
responding taper (80°) of the stainless
steel planchet holder, C, facilitate re-
moval of the filter paper when the ap-
paratus is taken apart with the aid of
device H.
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Figure 1. Cross-sectional view and diagrammatic

exploded view of centrifugal filtration assembly

Diagonal shading: Stainless steel
Cross-hatching: aluminum

The use of centrifugal filtration not only
permits the easy handling of many
samples at once (up to 16 samples in a
conventional centrifuge equipped with a
16-place head), but also speeds operation
in those cases where suction filtration
(4) would normally be very slow (as
when calcium oxalate is precipitated
from serum which has not. previously
been deproteinized). At the same time
it minimizes the danger of losing some
precipitate in siphonirg off the super-
nate, as may easily occur in existing
centrifugal devices.

CONSTRUCTION DETAILS

The apparatus (Figure 1) consists of a
polished, stainless steel filter tube in two
parts, A and B, between which a porous
planchet holder, C, and a circle of filter
paper, D, are held. The filter tube rests
inside a polished aluminum carrier, E,
where it is kept tightly in plice by a
stainless steel locknut, F, screwed in
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The apparatus can be constructed
from commercially available materials
at an approximate cost of $60. Toler-
ances of the filter tube and planchet
holder were held at +0.003 inch. The
porous metal of the planchet holder is
available as porous stainless steel
sheets, composition 18-8, Type 304
(Micero Metallic Corp., Glen Cove,
N. Y.; 3/ inch thick; mean pore
opening, 10 microns).

PROCEDURE

The apparatus has been used in this
laboratory for the preparation of
calcium-45-labeled calecium oxalate sam-
ples.

After overnight precipitation (Z), the
samples are transferred quantitatively
to the centrifugal filtration assembly.
Before transfer the filter paper (Schlei-
cher and Schuell, No. 589, red ribbon,
30-mm. diameter) is prepared with fuli-

er’s earth suspension. [Ten grams of
Florida fuller’s earth (Floridin Co.,
Warren, Pa., 60-100 mesh) is suspended
in 1000 ml. of distilled water and filtered
through glass wool; 1.5 ml. of filtrate is
used per circle of filter paper.] Centrif-
ugation follows for 5 minutes at 150 to
175 g’s. The use of centrifugal force in
excess of 175 g's may yield a cloudy fil-
trate. If the filtrate is cloudy, it Is re-
processed,

After centrifugation, the locknut is
removed and the inside assembly is
pushed out with the aid of H. The
filter paper is then transferred to a
holder for counting. Samples with a
volume in -excess of the 15-ml, capacity
of the upper chamber, 4, can be pre-
pared by successive centrifugation. Be-
fore the thin layer of precipitate is
counted, it is coated with 4 drops of col-
lodion (0.5% in acetone). This keeps
the samples from flaking and makes it
possible to store them longer. Ordinary
washing after use has kept the apparatus
free from contamination.

RESULTS

A series of duplicate samples was
prepared by both suction and centrif-
ugal filtration. Differences in the
counts obtained on duplicate samples
were not statistically significant, and
the two methods are therefore compar-
able. In a further test, a standard
prepared by suction filtration counted
1163 counts per minute (standard
deviation 24, six samples), while the
same standard prepared by centrifugal
filtration counted 1179 (standard devia-
tion 37, four samples).

The apparatus also has been used
successfully for the isolation of sulfur-
35-labeled barium sulfate precipitates.
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THREE MODELS OF THE

ARGENT
COMBUSTION
PPARATUS

% Three Types of Automatic
Combustion Programming

% High Operating Temperatures
% All Models Utilize Sargent Radiant

Micro Furnaces

$-21570 COMBUSTION APPARATUS—
Automatic, Micro and Semi-Micro
Radiant Furnaces, Static Triple Section
Burning Furnace, Directional Sequence
Program, Sargent, (Pat. Pend.).

For all micro and semi-micro combus-
tion procedures, extremely flexible as to
rates of sample heating, maximum tem-
peratires applied, direction and rate of
linear progress of temperature gradients
applied to the tube and overall speed of
the burning and sweeping operation.

Each of the four furnaces is equipped
with individual thermocouple and direct
reading pyrometer, variable autotrans-
former with graduated reference dial,
switch to select manual or automatic
operation, pilot lamp, and fuse. Each of
the small furnaces is additionally pro-
vided with a synchronous motor driven,
automatic re-set timer, employed in the
automatic program syste.n.

Two program sequences and three
variable intervals of time combine with
the heating rate of the radiant furnaces
and with individual sectional adjustabil-
ity of equilibrium temperatures to yield
almost unlimited varieties of operation.
Maxlmum ln(ermltten[ furnace tempera-
ture is 950°C; maximum continuous fur-
nace temperature is 900°C.

Complete with 177°C mortar, rods,
clamps and connecting cord and plug
for connection to standard outlets but
without glassware. For operation from
115 volt, 60 cycle A.C. circuits. $1100.00

$-21586

$-21570

$-21580 COMBUSTION APPARATUS—
Automatic, Micro and Semi-Micro,
Radiant Furnaces, Linear Motion Pro-
gram, Sargent, (Pat. Pend.).

The most efficient basic equipment for
carbon and hydrogen analysis by the
modifications of the Pregl method; for
the determination of nitrogen by the
Dumas method; and, with the addition of
a 350°C mortar, for the determination of
halogens and sulfur by the Grote method.

Apparatus consists of moving short
furnace and rate of motion program,
incorporating thermostatic mortar, long
furnace for heating tube filling, moving
furnace for burning the sample and
sweeping out products of combustion,
two speed motor drive, timing mechan-
ism, programming control providing
four different three phase programs or
two phase or single phase programs as
selected, .variable autotransformer con-
trols and pyrometers for both furnaces
together with switches, pilotlamps, fuses.

Operating temperature of furnaces is
selected by autotransformers and indi-
cated by thermocouples and direct read-
ing pyrometers. Maximum operating
temperature of furnaces, intermittent,
950°C, continuous, 900°C.

Complete with 177°C mortar, rods,
five adjustable hook clamps, cord and
plug for attachment to standard outlets
but without glassware. For operation
from 115 volt, 60 cycle A.C. circuits

$600.00

$-21586 COMBUSTION APPARATUS—
Automatic, Micro and Semi-Micro,
Radiant Furnaces, Static Long Burning
Furnace, Heating Rate Program, Owen
Principle, Sargent, (Pat. Pend.).

Suitable for all types of micro or semi-
micro combustion procedures, especially
recommended for volatile samples and
employing the rate of heating program
as developed by J. K. Owen of E. I.
Du Pont de Nemours Co. This unit em-
ploys a 7 inch furnace for heating the
tube filling and a second identical furnace
which covers the sample position and
adjacent sections of the tube. The sample
burning furnace is controlled by two
variable autotransformers, the one em-
ployed to establish the desired maximum
temperature which the furnace will attain,
while the other is driven by synchronous
motors at either fast or slow speeds and
applies the selected voltage gradually.
Total heating cycle is automatically con-
trolled by an adjustable timer.

Furnaces are equipped with thermo-
couples and direct reading pyrometers,
as well as pilot lamps, replaceable fuses.

Maximum temperature, intermittent,
950°C, continuous, 900°C; selective heat-
ing rates, 9 or 27 minutes to maximum
temperature; timer range, 60 minutes.

Complete with 177°C mortar, rods,
clamps and hooks and cord and plug for
connection to standard outlets but with-
out glassware. For operation from 115
volt, 60 cycle A.C. circuits...... $700.00

SARG E N I SCIENTIFIC LABORATORY INSTRUMENTS « APPARATUS « SUPPLIES « CHEMICALS

Cataleg He. 100

Yo sfuailable

E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE.,
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN
SOUTHWESTERN DIVISION,
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE.,

5915 PEELER STREET,

CHICAGO 30, ILLINOIS

TEXAS
ALA.

DALLAS 35,

N., BIRMINGHAM 4,

For further information, circle numbers 59 A-1, 59 A-2, 59 A-3 on Readers’ Service Card, page 75 A
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...AMONG SOME 5

That ol’ shark oil

CH,CH(CH,),CH(CH,),CH(CH.), -
i | i
CH; CH, CIL,

This looks like a tedious concatenation of 30 carbon atoms
and 62 hydrogen atoms, but oh, how wrong you would be to
say that!

This is Squalane. (Note the “a”.) We hereby announce our
readiness to sell it as Eastman 7311 at S15.60 per 100 grams.
Squalane is hydrogenated Squalene (Eastman P6966, note
the “¢”’). We can distill squalene in our unique molecular
stills from the oil found in the gigantic, oily liver of the mighty
but leisure-loving basking shark. Squalene is being added to
at least one brand of cattle feed on the strength of certain
findings by the manufacturer about cholesterol and sex hor-
mones. The merest soupcon of it in dog food is said to bring
utter bliss to the canine palate.

(We once read a book about how a man went broke fishing
for basking sharks. We also know a man who sells us oil from
another kind of shark that has a liver even richer in squalene
than basking shark liver. We doubt, though, that is why the
first fellow went broke. Squalene is to be found in sweat. This

Ui

ORGANICS

is a statement about human sebum, not an aphorism. Squalene
is also found in olive oil but not in other cheaper vegetable
oils. Some fakers found out about that once. But we digress.)

The latest is that Squalane has a contribution to make to
gas chromatography, which is booming. This is an analytical
technique whereby a volatile sample mixture is swept by an
inert gas through an adsorbing column and resolved by virtue
of the different times it takes each component to make its way
through against the adsorption forces. Squalane is reported
(Anal. Chem. 28,303, March ’56) to modify the adsorbing
characteristics of a commercial carbon black in a manner
that shuffles the order of emergence from what it is with other
adsorbents, thus providing a good fix on the proportions of
each different C;, C;, and C; saturated hydrocarbon present.
One of our own plants tried it out and forthwith contributed
further to the burgeoning art by discovering that Squalane is
very good at separating hydrocarbons from oxygen-bearing
compounds close to them in physical properties. They found,
for example, that n-heptane emerges later than n-butanol,
even though n-butanol is the higher boiling substance.

Will we reveal more about this? Will a certain series of ex-
periments now in progress with Squalane at a certain well
known medical school turn out to be as interesting as the pre-
liminary results promise? Wait for the next gripping chapter,
if any.

A nickel test

In ammoniacal solution, 2,3-Quinoxalinedithiol forms a dark
red complex with nickel. We have decided for this reason to
make and sell it as Eastman 7317. Soon, doubtless, somebody
will publish a procedure employing this as a more sensitive
and/or more convenient and/or more foolproof reagent for
nickel. More than what? [t is better not to ask. Today man
gives vent to the fires that burn within him by inventing a
more ( ) test for nickel. (There are few galleons to
plunder, no hairy mammoths to hunt down.)

We made this compound from 2,3-Dihydroxyquinoxaline
(Eastman 6232), which is useful in precipitating barium, cal-
cium, and strontium from solution and then distinguishing
between them. (We can furnish an abstract on that.) The
2.3-Dihydroxyquinoxaline we make by condensing o-phenyl-
enediamine with oxalic acid, not from quinoxaline itself. To
make Quinoxaline (Eastman 7094), we use glyoxal, which is

the simplest possible dialdehyde instead of oxalic acid, the
simplest dibasic acid. (In truth, we don’t directly use that
green gas glyoxal, the simplest colored organic substance, but
handle it as sodium glyoxal bisulfite.) Quinoxaline is an inter-
mediate for antispasmodic compounds.

To replace the oxygens of 2,3-Dihydroxyquinoxaline with
the sulfurs of 2,3-Quinoxalinedithiol, we choose for yield and
quality this route:

N\ OH N\ Cl N\ SH
PCls > ] HoNCSNH» > ]
N7OH N7Cl1 N7SH

The intermediate 2,3-Dichloroquinoxaline we can offer as
Eastman 7300. Maybe it’s good for starting a fire of creativity.

Neither Squalene, Squalane, nor 2,3-Quinoxalinedithiol is going to pay for the cost of this ad.
What we want are thousands of chemists each using a copy of Eastman Organic Chemicals,
List No. 40, to order a few grams of one of some 3500 other organics we stock. That’s what
makes the wheels go "round. Do you have your copy? Distillation Products Industries, Eastman
Organic Chemicals Department, Rochester 3, N. Y.

o)5E

Eastman Organic Chemicals

Also...vitamins A and E in bulk...distilled monoglycerides

Distillation Products Industries i o diision - Eastman Kodak Company
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PRODUGT §CAPSULES

For your
month’s ads.

EQUIPMENT AND INSTRUMENTS

Analysis and Control Instruments.
Circle indicated numbers for complete
information, applications, specifications
and features of the following analysis
and process control instruments:
and 6A-2 for leak dectector Iml]utmc
6A-3 for Titrilog; 6A-1 and 6A-5 for
mass spectrometer bulletins; 7A-1 and
7A-2 for chromatograph bulletins; and
7A-3 for moisture monitor bulletin.
Consolidated Electrodynamies Corp.,
300 No. Sierra Madre Villa, Pasadena,
Calif. 6A-1to0 5, 7A-1,2,3

Analyzers. Bulletin available pro-
viding complete descriptions, including
sample curves, of all Cary instruments
for analytical research and process
stream control. Bulletin includes in-
formation on recording and Raman
spectrophotometers, clectrometers, and

infrared and ultraviolet analyzers. Ap-
plied Physies Corp., 362 W. Colorado
St., Pasadena 1, Calif. 73A

Balances. Circle 10A for complete file
on modern Mettler balances and sec
company’s booth (No. 61) at Pittsburgh
Conference.  Mettler Instrument Corp.,
Hightstown, N. J. 10A

Balances. Detailed information avail-
able on company’s complete stock of
analytical balances.  Selection includes
the Sartorius “Selecta  Rapid,” the
Becker model “AB-2."" the *“Mikrowa,”
the Ainsworth “Right-A-Weigh,”" the
Sartorius “Projecta Rapid.” and the
Voland model 100. Harshaw Scientific,
Div. of Harshaw Chemical Co., 1945
East 97th St., Cleveland 6, Ohio 18A

Balances. Brochure available on the
new Harvard trip balance. Balance
features undivided tare beam and poise
which makes possible direct reading of
net value. Tare capacity: 160 gram.
Ohaus Scale Corp., 1050 Commerce
Ave., Union, N. J. 55A-3
Balances. Catalog available on com-
pany’s balances and weights. Weights
are available in rhodium plated bronze,

brunton metal, or stainless steel.  Wm.
Ainsworth & Sons, Inc., 2151 Lawrence
St., Denver 5, Colo. 83A

convenience — short

*refreshers”

on last

Follow directions on page 75 A to ob-
tain free information on products and services described

Blenders. New catalog available on
twin-shell  blenders.  Yoke model is
cited as being ideal for small scale batch
blending. Yoke arrangement fits stand-
ard four or cight quart blender frame.
permits two different blends at once.
The Patterson-Kelley Co., Inc.. 2320
Hanson St., Fast Stroudsburg, Pa.

84A

Burettes, Avutomatic. Available is
special apparatus catalog, “Custom-
Made Laboratory Glassware.” In-
cludes information on five automatic
burettes made of Pyrex brand glass No.
7740.  Corning Glass Works, 69-2 Crys-
tal St., Corning, N. Y. 82A

Burners. Bulletin available on com-
pany’s “Flame Master,” a universal
laboratory gas burner with general
purpose assemblage. Adapts to any
gaseous fuel ranging from 150 to 3000
B.t.u.  Flame sizes from the smallest
micro to 2” diameter.  New York Lab-
oratory Supply Co.. Inc.. 76 Varick St.,
N Y 13N Y. 27A
Cells, Glass Absorption. Circle

81A-3 for complete information on Klett
glass absorption cells.  Klett Manufac-

turing Co., 177 East 87th St., N. Y,
N X 81A-3
Centrifuges. Circle 66A-1 for com-

plete information on company’s model
SBV centrifuge that accommodates 11
horizontal swinging heads. 15 angle
heads, 2 multispeed attachment heads,
and 4 basket style heads.  Speeds up to
5600 r.p.m. Circle 66A-2 for model V
centrifuge that accommodates 14 hori-
zontal swinging heads, 16 angle heads,
2 multi-speed attachment heads, and 4
basket style heads. Speeds up to 5100
r.p.m.  International Equipment Co.,
1284 Soldiers Tield Rd., Boston 35,
Mass. 66A-1, 2

Centrifuges. Circle indicated num-
bers for bulletins on the following
“Servall”  centrifuges. Superspeed
angle centrifuges (15,500 rpm, 400 ml),
72A-2; medium angle centrifuges (5,000
rpm), 72A-3; and large angle centri-
fuges (3,500 rpm), 72A-4.  Ivan Sorvall,
Ine., Norwalk, Conn. 72A-2,3,4

Centrifuges. Circle 78A-2 for catalog

on the new “Kern Rotofix” centrifuge.
3,000 rpm four speed motor. Circle
78A-3 for information on “Eternabrand
and Shellbach”  graduated eylinders.
Kern Laboratory Supply Co., 8639
Venice Blvd., TLos Angeles 34, Calif.
78A-2,3

Chromatographs. Bulletin available
on the Beckman gas chromatograph
cited as being the only low-cost, preci-
sion-enginecred  chromatographic  in-
strument  designed for routine gas
analysis.  Scientific Instruments Div.,,
Beckman Instruments, Ine., 2500 Ful-
lerton Rd., Fullerton, Calif. 3A

Combustion Analysis Equipment.
Circle 80A for catalog on apparatus for
combustion, carbon and sulfur analysis.
Includes details on determinators, sulfur
titrators, furnaces, and accessories.
Laboratory Equipment Corp., 3002
Hilltop Rd., St. Joseph, Mich. 80A

Combustion Tubes. Circle 89A-1 for
price list on company’s complete line of
tubes, available in a wide variety of
sizes and shapes. designed for extreme
high temperature service.  Coors Porce-
lain Co., Golden, Colo. 89A-1

Comparators. Complete information
available on lightweight, portable Tay-
lor comparators cited as providing aceu-
rate determinations of pH, chlorine,
bromine, phosphate, QAC, nitrate.
W. A. Taylor and Co., 7306 York Rd.,
Baltimore 4, Md. 86A

Cylinders, Stainless Steel.  Bulletin
available on Hoke stainless steel cylin-
ders for fixed or liquified gas sampling
applications. For low or high pressure
service up to 1800 psi. 32 stock sizes

from 10 milliliters to one gallon. Hoke
Inc., 137 S. Dean St., IEnglewood, N. J.
44A-2

Densitometers. Bulletin available on
company’s photoelectric instrument for
the rapid and convenient evaluation of
strips and sheets of filter paper in parti-
tion chromatography and paper electro-
phoresis. Photovolt Corp., 95 Madison
Ave,N.Y. 16, N. Y. 31A-2

(Continued on page 62 A)
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Product Capsules

Determination Apparatus. Circle
57A for catalog providing full deserip-
tion and photos of a1l Lahconco protein,
fat and fiber appuratus. Catalog in-
cludes Kjeldahl apprratus for protein
determination. micro-Kjeldahl digestor,
crude fiber condenser, and Goldfiseh fat
extractors,  Laboratory Construction
Co., 1109 Holmes St Kansas City, Mo,

57A
Distilled Water Equipment. Bulle-
tin available deseribing company's tin-
lined piping. fitting, valves, and faucets
for distilled water distribution syvstems.
Barnstead Still & Demineralizer Co. 9

Tanesville Terrace, Boston 31, Mass,
44A-1
Electroanalysis Apparatus. Bulle-

tin available on company’s ultra-speed
electro-analyzer for swift or volume de-
terminations. Example: provides
copper assay in N minutes. Eberbach
Corp., Aun Arbor, Mich, 54A
Filters, Interference. DBulletin avail-
able on company s monochromatic in-
terference filters that isolate narrow
regions of the spectrum and provide
high  transm Farrand  Optical
Co., Inc.. Bronx Blvd. & Fast 23sth
St, N. Y. 70. N Y. 98A-1
Fluorimeters. Klctt fluorimeters are
designed for the rapid and aceurate

sjon.

With over

stills and  solving pure

water distribution systems.

Barnstead's tin-lined brass piping gives you all the desirable
chemical characteristics of pure tin plus the strength and

durability of metal pipe. The pure

tonded to the pipe so that installations can be enclosed in
like other piping . .
the assurance that it will outlast all other piping in the
distilled water without traces of
and otrer impurities, for l:boratory and scientific use.

walls, or fleors . . . concealed
puilding. delivering pure,
metal
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Pure Water
Specialists
Since 1878

9 Lanesville Terrace,

Cirzle No.

62 A © ANALYTICAL CHEMISTRY

Safeguarding the Purity
of the Purest Water —

BARNSTEAD
Tin-lined
PIPING
« VALVES
FAUCETS
for Distilled Water
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FITTING

75 vears of experience in manufacturing water
water problems.
offers a complete line of tin-lined pipe, valves, and faucets
designed specifically for use with distilled or demineralized

arnstead

STILL & DEMINERALIZER CO.

Boston 31, Mass.
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determination of thiamin, riboflavin,
and other substances which fluoresce in
solution.  Klett  Manufacturing  Co.,
179 East STthSt, UYL, N Y. 48A-2
Fluorimeters. DBulletin  available on
linc-operated  multiplier fluorescence
meter high-sensitivity  for
measurenment  of - low  coneentrations.
Photovolt Corp., 95 Madison Ave.
N 18, XN 31A-3
Fraction Collectors. Bulletin avail-
able on the new “Rinco™ fraction collee-
tor for the automatic collection of frac-
tions by timed-flow  or  volumetric
method,  Colleets 237 fractions.  Nei-
ther mercury nor current contacts sam-

])u\.\r'\'\‘ilu’;

ple. Aloe Seientifie Div.. AL S Aloe
Co.. 5655 Kingshury, St Louis 12, Mo

47A
Freeze-Drying Apparatus. Cirele

105A-1 for details on company’s new
cCentri-Freeze' eited as being an ex-
tremely versatile, fully automatic, com-
pletely self-contained frecze-drying lah-
oratory on wheels. Samples may be
placed in unfrozen,  Cirele 105A-2 for
details on ('mnp:m‘\":\' TRoto-Freeze™
drving apparatus. Machlett & Son,
220 Last 23vd St., \ \ 10} N Y.
105A-1,2
Furnaces. Bulletin available on com-
pact laboratory pot crucible furnace.

Laboratory liquipment Div., Lindberg
Engineering Co., 2440 W. Hubbard St

C'hicago 12, TIL 5A-2
Furnaces. Bulletin  available  on
laboratory furnace with temperature
range to 2600°.  Transformer provides
I8 steps of adjustment.  Pyrometer and

ammieter mounted.  Ceramic  muffle
forms the heating  chamber.  Inside
dimensions: 4" X 3”7 X 7" Hevi
Duty Electrie Co., Milwaukee 1, Wis,

63A-2

Furnaces and Titrators.  Company’s
improved “H-I” induction units (circle
99A-2 for details) and automatic titra-
tors for the determination of sulfur in
petroleum and metal products (circle
99A-3 for details) will be on display in
Booth No. 20 at the Pittsburgh Confer-
ence. Laboratory  FEquipment  Div,,
Lindberg  Engincering Co., 2440 W
Hubbard St., Chicago 12, 11l. 99A-2,3
Fused Quartz Ware. Bulletin avail-
able on “Vitreosil” tubing, crucibles,
dishes,  trays, muffles, pots, retorts,
tanks, clectric immersion heaters, ball &
socket joints, standard taper joints, and
eraded seals.  Thermal American Fused
Quartz Co., Inc.. 18-20 Salem St
Dover, N. J. 58A

(Continued on page 63 4)

glass dollar.

TEST !
STEP 1.

Obtain

ware

Barnstead now

this glassware

|
|
| STEP 2.
| odds

is permanently ks yaur

. with

139

Prove it to yourselt. . .
make the ‘two-way " et

| When buying flasks—or any
the “TWO-WAY" Test be your proof of value. It is a practical,
easy method to determine if you
are getting the most for your lab

HERE’S THE “TWO-WAY"

samples
ious brands of advertised glass-
including
MOND D BLUE LINE. Subject
to the
stringent tests you can devise.
Record the results of your tests.
Compare the prices. The
are that you will find
more value for less money in
the Diamond D Blue .Line.

dealer
Diamond D Blue Line or send for
more detailed information today.

DOERR GLASS COMPANY
Vineland, N. J.

laboratory glassware—let

of var-
DOERR DIA-

most

about  the

Circle No.

62 A-2 on Readers' Service Card, page 75A



Product Capsules

Glass Tubing Cutters. Hot-wire-type
unit cuts glass tubing bottles or jars up
to 3" in diameter. 6" X 41/," X 9”.
Operates on 115 volts, 50 or h() evele
A.C.  W. M. Weleh Seientifie Co., 1515
Sedgwick St., Chicago 10, TII. - 63A-1

Glassware. ('ircle 34A-1 for 200-page
catalog on the complete Corning line.
Circle 34A-2 for company’s “Custom
Catalog CA2.” Corning Glass Works.
72-2 Crystal St., Corning, N. Y.

34A-1,2

Glassworking Lathe. Catalog avail-
able on glassworking lab-lathe. Speci-
fications:  self-centering  sleeve  grip
chuck; length between chucks 36”;
total chuck capacity 0” to 14”; radial
clearenee 8”7, Bethlehem  Apparatus
Co., Inc., Hellertown, Pa. 55A-1

Glassworking Manual. Circle 55A-2
for copy of “Glass Blowing on the Glass
Lathe.”  Bethlchem  Apparatus  Co.,
Inc., Hellertown, Pa. 55A-2

Grinders. Unit grinds KBr pellets and
Nujol mulls, mixes powders and grinds
samples to homogencous powders auto-
matically. Spex Industries, Inc., 205-
02 Jamaica Ave., Hollis 23, N, Y.
104A-1

on company's hot plate with -cast
aluminum 6” X 6” top plate that heats
to 700° F in 17 minutes. Thermostat
holds temperature within 5°, provides
stepless control.  Thermo Electric Mfg.
Clo., 478 Huff St., Dubuque, Iowa
87A-1

Hot Plates. Information available on
magnetic-stirring hot plate rated at 750
watts and measuring 617" squarc.
Operates on 115 volts, 60 c¢ycle. Ham-
mertone  finish.  Standard Scientific
Supply Corp.. SOS Broadway, N. Y. 3,
G ¥. 88A-3

Infrared  Analysis  Accessories.
Circle 65A for complete data and speci-
fications on accessories to the model 21
double beam recording infrared speectro-
photometer that extend the instru-
ment’s versatility. Instrument Div.,
Perkin-Elmer Corp., Norwalk, Conn.
65A
Laboratories, Miniature.  Available
is new supplement describing many
more individual components, plus new
assemblies for distillation, small-scal

reaction work, and a new magnetic
semi-automatic head. Ace Glass Inc.,
Vineland, N. J. 25A

Laboratory Instruments. Circle indi-

on the following instruments: new
model vapor fractometer with repro-
ducible gas and liquid system accessory
64A-1; double beam model 21 infrared
spectrophotometer, 64A-2;  a  report
(including bibliography and results) on
the application of infrared for trace
analysis, 64A-3; and a quarterly pub-
lication, “Instrument News,” 64A-4.
Instrument Div., Perkin-Elmer Corp.,
800 Main Ave., Norwalk, Conn.
64A-1to 4

Laboratory Mills. Information avail-
able on the new standard model No. 3
Wiley laboratory mill for the prepara-
tion of a wide variety of materials for
laboratory analysis.  Mill features
harder cutting cdges on the knives,
quieter performance with less vibration,
enclosed moving parts and latest U.L.
approved wiring. Arthur H. Thomas
Co., Vine St. at 3rd. Philadelphia, Pa.
74A
Laboratoryware. Laboratoryware
brochure available. Contains informa-
tion on I-picce corrosion-resistant poly-
cthylene cup sink drain cited as being
strong, resilient, impermeable and non-
oxidizing. 3" X 6" standard oval
shape. American Agile Corp., P. O.
Box 168, Bedford, Ohio 41A

(Continued on page 64 A)

Hot Plates. cated numbers for complete information

Fasi' Accurate! Economical! | pr—

Complete data available

GOW-MAC k¥
GAS CHROMATOGRAPHY

CELLS

Thermal Conductivity Cell |
For 225°C opecration. Three models in brass i
or stainless steel to meet specialized applica-

BARNSTEAD

VENTGARD
Bottle Pump

tions. Small internal volume, fast response,
convenient mounting, clectrical connection
outside of bath.

Pumps out distilled water while permitting only purified
air to enter. Prevents air-borne contamination of distilled
| water and standardized solutions. Scientific tests show that it
| effectively filters particulate matter as small as 0.2 micron
| from the air before it enters the container.

Temperature Regulated Cell

For operation at
room temperature
or 200°C. A com-
plete T/C unit
with brass or stain-
less steel gas flow,
preheater, closc
temperature regu-
lation, rapid clec- ;
trical and gas con- aded
ncctions.

Bacteria, bacilli. organic vapors, alkali and acid gases, and
CO, are effectively removed by the efficient filter unit. Cost
for this protection is low . . . filter unit need only be
replaced after 1000 gallons have been pumped.

The Barnstead Bottle Pump with Ventgard is easily affixed
to carboy or bottle.

Power Supply and
Control Unit

gives five minute hook-up with
complete circuitry for these
T/C cells. Write Dept. AC for
catalogs or recommendations.

WRITE FOR BULLETIN NO. 136

From
$55.00

GoW-HA

Makers of Water Stills
and Demineralizers for
Every Pure Water Need

arnstead

STILL & DEMINERALIZER CO.

INSTRUMENT CO.

100 KINGS ROAD, MADISON, N.J.
Telephone: FRonlier 7-3450

9 Lanesville Terrace, Boston 31, Mass.

Circle No. 63 A-2 on Readers’ Service Card, page 75A

Circle No. 63 A-1 on Readers' Service Card, page 75A
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InstoChange Hand Torch

® Noiseless
® No Flashback under any conditions
® Thumb Control of valves

A completely new idea in Gas-Oxy Hand Torches.
With three interchangeable heads constructed
on the Polymix principle, the extraordinary
“InstoChange” Hand Torch will burn
manufactured or natural gas at
regular city pressures, as well

as hydrogen, propane ’
and others.

Burner tips
are easy to
change. Just squeeze
the handles . . . the tip
drops out and you replace
it by inserting the new tip be-
tween the prongs. With these
three different size tips you can work
glass tubings from the smallest up to
85 mm. Pyrex Brand. Tips can be freely
tilted to any angle.

Simply press
handles to eject or
insert tip.

Holder and three tips No. PM2C —

$77.50

BETHLEHEM

Ask for Catalog 54, also free copy of our
manual “Glass Blowing on the Glass Lathe”.

[/

For further information, circle numbers 64 A-1, 64 A-2 an Readers’ Service Card, page 75 A

-

Combustion Bombs

Apparatus Company, Inc
HELLERTOWN, PENNSYLVANIA

® A Size for Every
Laboratory Need

For rapid combustion reactions with sodium peroxide to deter-
mine: Arsenic, Boron, Bromine, Chlorine, Fluorine, lodine, Phos-
phorus, Selenium, Silicon or Sulfur . in coke, organic com-
pounds, petroleum and petroleum products, rubber and other

organic materials.

Bomb Maximum Total Acceler- Sodium
Bomb Size Combustible Matter ator Peroxide
Ask your Parr Dealer Type ml gram gram gram
for detgils, on weite o 42 1.3 2.0 30
CICED f:’ speciticss 5o g 22 0.50 1.0 15
Hons:ang (prices: Semi-Micro 8 0.20 0.2 40
Micro 2.5 0.085 0.1 1.5

PARR INSTRUMENT CO. MOLINE. ILLINOIS

EST. 1899 o

MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT

For further information, circle number 64 A-3 on Readers’ Service Card, page 75 A

64 A * ANALYTICAL CHEMISTRY

Product Capsules

Melting Point Apparatus.  Detailed
information available on the Kofler
micro hot stage, an clectrically heated
micro melting point apparatus with
stage calibrated thermometers. Arthur
H. Thomas Co., Box 779, Philadelphia 5,
Pa. 92A-1
Microscopes, Electron. Company’'s
latest electron microscopes are cited as
providing magnification and resolution
higher than ever before possible and as
including many advanced engineering
features.  Complete information avail-
able.  Dept. O-11, Bldg. 15-1, Radio
Corp. of America, Camden, N. J. 50A
Microscopes, Polarizing. Detailed
specifications  available on  the Carl
Zeisgs polarizing microscopes (GF and
KI). Both the binocular and monoc-
ular types feature the inclined-tube sys-
tem.  Carl Zeiss, Inc., 485 Fifth Ave.,
N ¥ P NG 56A
Moisture Balances. Company’s auto-
matic, portable, infrared moisture bal-
ance permanently  records moisture
readings  of granular solids, pastes,
liquids, waxes or anything else that can
be dried by heat. Complete informa-

tion available.  Scientific Products,

Div. of American Hospital Supply

Corp., 2020 Ridge Ave., Evanston, IIL
2nd Cover

Needle Valves. Circle 62A for “Nee-
dle Valve Special Glassware Bulletin.”
Provides information on Manostat glass
and teflon needle valves for use in com-
bination with Pyrex brand glass. The
I'mil Greiner Co., 20-26 N. Moore St.,
N. Y. 13, N.Y. 62A

Nefluoro-Photometers. Tllustrated
how-to booklet available on company’s
3-purpose  nefluoro-photometer  that
combines in one instrument a colorim-
eter, nephelometer and fluorometer for
rapid and precise determination of a
wide variety of organic, inorganie, syn-
thetic and biological materials.  Fisher
Scientific Co., 100 Fisher Bldg., Pitts-
burgh 19, Pa. 95A

Nephelometers.  Bulletin  available
that provides complete data on com-
pany’s photo-nephelometers and acces-
sories used to measure haze and turbid-
ity in liquids, at extremely low concen-
trations. Coleman Instruments, Inc.,
318 Madison St., Maywood, TIL,

53A-2

Ovens. Brochure available on new
controlled humidity and temperature
oven for testing materials under con-

trolled environmental conditions.
Range: room to 100° C =+ 1/,° (.

209% to 1009, RH within 59, RH. The
Electric Hotpack Co., Inc., 5047 Cott-
man St., Phila. 35, Pa. 17A

(Continued on page 65 A)



Product Capsules

Ovens. Pamphlet available on the
Blue-M  “power-o-matic” mechanical
conveetion oven. Temperature range:
to 316° C. Control: =£=1/,° C or less.
Minimum wattage is automatically
modulated.  Blue M Electric Co., 138th
and Chatham St., Blue Island, Il

49A

Ovens. Bulletin, “Despatch Labora-
tory Ovens,” available. 8 models fea-
ture air veloeity control and precision
indieating  control.  Despatch  Oven
Co., 341 Despatch Bldg., Minneapolis
14, Minn. 89A-3

pH Meters. Data file available on the
push-button Beckman “Zeromatic™ pH
meter.  Instrument  features  no-drip
circuit and mirror-backed scale.  Re-
producible to .02 pll.  Scientific In-
struments Div., Beckman Instruments,
Ine., 2500 Fullerton Rd., Fullerton,
Calif. 16A-1

pH Meters. Bulletin  available on
company’s complete line of battery and
linc-operated pH mieters incorporating
modern electronic tubes and circuits.
TFully stabilized for wide range of line
voltage fluctuations.  Photovolt Corp.,
95 Madison Ave,, N. Y. 16, N. Y.
31A-1

Photochemical Equipment. Circle
22A-1 for complete information on com-
pany’s utility model quartz lamp, 22A-2
for information on company’'s laboratory
photochemical reaction equipment, and
22A-3 for 16-page brochure, “Photo-
sensitization,” a review that  details
facts on photochlorination, oxidation,
cte. Ianovia Chemical & Mig. Co.,
100 Chestnut St., Newark 5, N, J.
22A-1,2,3

Photometers. Information available
on the new DBrice-Phoenix Universal
Iight seattering photometer that meas-
ures absolute turbidity, dissymmetry,
and depolarization.  Phoenix Precision
Instrument Co., 3805 N, 5th St., Phila.
40, Pa. 89A-2

Phototubes, Multiplier. Circle 14A
for complete information on DulMlont
multiplier phototubes available in a
wide selection of sizes and electrica
characteristics for every photoclectronic
need. Industrial Tube Sales, Allen B.
Du Mont TLaboratories, Inc., 2 Main
Ave., Passaic, N. J. 14A

Phototubes, Multiplier. Information
available on the new RCA 14-stage
multiplicr phototube for investigations
involving low-level light sources. Tube
features fast response, high current gain,
relative freedom from after-pulses, and
small spread in electron-transit time.
Tube Div., Radio Corp. of America,
Harrison, N. J. 20A

(Continued on page 66 A)

now for a modest
investment you can
modernize quality
control with the
complete spectro-
chemical laboratory
— it’s 16 times faster.

QUANTOMETER
—just $25,000*

Here’s the low cost way to provide analytical

speed and accuracy by the most modern
spectrochemical instrumentation. With the Model 8950
Quantometer you have an inexpensive,

complete, direct reading laboratory for a regular
analytical program of moderate scope-16 times
faster than wet chemical means, with definite savings
in operation costs and labor. Up to 30 elements

can be determined, 15 at any one time, with
manually controlled push button readout.

The 8950 Quantometer is the ideal
starting unit for your expansion program;
can be expanded to fully automatic
Quantometer operation for up to

35 elements simultaneously.
*Approximate price depending on analytical
requirements.  Ask an ARL field engincer
for an analysis of your problems.

WRITE for full kit of details, and informaution
based on over 200 successful installations.

SEE ARL’S new X-Ray Continuous
Analyzer in opcration at the Pittsburgh
Conference on Analytical Chemistry and
Applied Spectroscopy. Booths 37-39—
Penn Sheraton Hotel, Pittsburgh—2March
4-8 1

TWO TYPICAL EXAMPLES

fron Alloys Aluminum Alloys
Si 0.05-3.00% Fe 0.10-1.00%
Mn 0.05-2.00%  Si 0.10-14.00%
Cu 0.05-1.00% Cu 0.05-5.00%
Ni 0.05-5.00%  Zn 0.05-0.50%
Mo 0.10-2.00%  Ti 0.05-0.50%
Cr 0.05-5.00% Cr 0.05-0.50%
vV 0.05-1.00% Mg 0.10-6.00%

ﬂpp/ietl Kesearch Laboratories

I
|
f
SPECTROSCHEMICAI touirmenct |
3723 PARK PLACE e GLENDALE 8 CALIFORNIA |
NEW YORK + PITTSBURGH o DETROIT o CHICAGO » DALLAS + LOS ANGELES « LAUSANNE, Switzerland « LONDON. Englond =

r=—==77

For further information, circle number 65A on Readers’ Service Card, page 754
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Get Economical Gas-Liquid

with the
CHROMATOGRAPHY
Ideal for School or Industry — 4 Ti ROCRAPH

for Research or Control

Identifies Components
Defying Separation by Other Technics

ANALYSE: fusel oils, terpenes, flavor con-
stituents, gas streams, petrochemicals, and
synthetics.

SEPARATE: alcohols, esters, acids, aldehydes,
ketones, sulphur compounds, aromatics or
aliphatic hydrocarbons, cis-trans isomers, or
compounds with varied ssturation.

PURIFY: radio labelled or other special vola-

tile compounds.

SPECIFIC ADVANTAGES:

® Boiling range 20°-400°C.
Temperature gradient operation.
Temperature increase rate: 2°C/min.
Temperature maintained within 1°C.
Interchangeable stainless steel columns,
Variety of packings and columns.
Bench space, 1.1 sq. ft.
Micro sample size.
Simplicity of operation.

Master Aerograph with Recorder, $1250
Companion without Recorder, $750.
f.o.b. Berkeley

Is Your Problem Separation of Write for Descriptive Folder & Details or Send Volatile
FATTY ACID METHYL ESTERS? Sample for Analysis

WILKENS INSTRUMENT & RESEARCH, INC., Acheson Building,
Berkeley 4, California

For further information, circle number 66 A-1 on Readers’ Service Card, page 75 A

B — s
L ] L] 3
uaIIﬂEd to do the BEST .
Because NALGON PLASTIC TUBING
gives you absolute flexibility
plus:
ABSOLUTE SAFETY
COMPLETE NEUTRALITY
HIGH CHEMICAL RESISTANCE
EXCELLENT DIMENSIONAL STABILITY
RESISTANCE TO AGE DISCOLORATION

WATER-WHITE TRANSPARENCY
HEAT RESISTANCE

Available in all sizes from

14" 1.D. thru 2” 1.D. There

are many plastic tubings priced
higher, but there are none better.

your
dealer
for
NEW
CATALOG
E-956

" NALGE ©0. Inc.

ROCHESTER 2, NEW YORK " v
For further information, circle number 66 A-2 on Readers’ Service Card, page 75 A

66 A * ANALYTICAL CHEMISTRY

Product Capsules

Pipettes and Burettes. Company
states that every Kimble pipette and
burette is individually retested, preci-
sion ground, thoroughly annealed, and
inspected in a field of polarized light.
Owens-Tllinois, Kimble  Glass  Div,,
Toledo 1, Ohio 3-1 Cover

Pipettes. DBulletin available on com-
pany’s pipetter for dispensing liquids
accurately and reproducibly.  Accuracy
cited as being better than 19, Dis-
pensing range 2 to 50 ml.  Laboratory
Glass & Instruments Corp., 514 W.
LA7th B, N Y. 3L, N Y. 78A-1

Power Supplies. Complete informa-
tion available on company's two types
of stabilized power supplies for (1)
multiplier phototubes and similar high
voltage applications and (2) for general
purpose laboratory applications. Leeds
& Northrup Co.. 4906 Stenton Ave.,
Phila. 44, Pa. 90A

Presses, Hydraulic. Catalog avail-
able on  Carver laboratory presses.
Unit is used for forming KBr pellets,
dehydrating, pressing out oils, filtering
thick fluids, determining fatty acids,
ete.  Available in 10 and 20-ton models.
Fred S, Carver, Ine.. 54 River Rd.,
Summit, N. J. 28A

Presses, Hydraulic. Bullctin  avail-
able on press used for making KBr pel-
lets for infraved spectroseope analysis.
20-ton capacity. Bench mounted, hand

operated. Loomis  Engincering &
Manufacturing Co., 133 So. 14th St.,
Newark 7, N. J. 26A

Pressure Reaction Apparatus.
Specifications available on company’s
“Series 4500 stirrer type pressure reac-
tion apparatus. Maximum operating
pressure is 1000 psig at 350° C.  One or
two liter bombs operate in 1500 watt
electric heater with variable voltage
temperature control. . Parr Instrument
Co., Moline, T11. 99A-4

Pumps. Catalog available on pumps
that use steel fingers in sequence to
foree material through tubing. Pumps
liquids, gases, and slurries without cor-
rosion or contamination. Sigmamotor,
Inc., 500 Vernon St., Middleport, N. Y.

99A-1

Pumps & Stirrers. Company’s mid-
get pumps and laboratory stirrers are
available in a variety of powers, capaci-
tics, and specifications.  Cirele 81A-1
for midget pump and 81A-2 for labora-
tory stirrer bulletins that provide per-
formance charts, standard models, and
prices. Eastern Industries, Inc., 100
Skiff St., Hamden 14, Conn.  81A-1,2

(Continued on page 67 A)



Product Capsules

Pumps, Bottle. Bulletin available on
comvany’s ‘“Ventgard” bottle pump
that pumps out distilled water while
permitting only purified air to enter.
Filters particulate matter as small as 0.2
micron.  Barnstead Still & Demincral-
izer Co., 9 Lanesville Terrace, Boston
31, Mass. 45A-1
Pumps, Vacuum. DBooklet,  “Plan-
ning the High Vacuum System,” avail-
able. Contains valuable information,
pumping speed curves and illustrations
together with full details about all ten
models of Cenco high vacuum pumps.
Central Scientifiec Co., 1708 Irving Park
Rd., Chicago 13, TIi. 43A
Refractometers. Complete data avail-
able on the Abbe-3L refractometer that
features front, horizontal loading, fixed
prism assembly, “Duospeed”  control
knob, instant-reading precision  scale
graduated to .0005, quick estimates to
.0001. Bausch & Lomb Optical Co.,
60914 St. Paul St., Rochester 2, N. Y.
4th Cover
Spectra, Infrared. Information avail-
able on standard infraved speetra atlas
composed of 10,600 speetra of usable
organic compounds.  Sadtler Rescarch
Laboratories, 1517 Vine St., Phila. 2
Pa. 72A-1
Spectrometers. Bulletin available
providing general data on company’s
“Tri-Carb”™  liquid  scintillation  spee-
trometer.  Instrument makes possible
the labeling of end products at or helow
the level of natural radiocarbon. Pack-
ard Instrument Co., P. O. Box 428,
La Grange, Il 61A
Spectrometers, N-M-R.  Information
availal:le on ecompany’s high resolution
nuclear magnetic resonance spectrom-
cter now with a new “Super Stabilizer.”
Applications include quantitative and
qualitative  analyses  of  functional
groups, hydrogen bonding studics, fol-
lowing molecular rearrangements and
structural studies of natural products.

Instrument Div., Varian Associates,
Palo Alto 4, Calif. 12A
Spectrophotometers. Circle  98A-2

for booklet, “Coleman Tools for Sci-
ence.”  Contains discussion of analysis
with light, plus complete description of
all Coleman instruments including the
“Universal” spectrophotometer cited as
heing fast, versatile and exact.  Cole-
man Instruments, Inc., Maywood, TIL
98A-2
Spectrophotometers, Infrared. Data
file available on the Beckman IR-4
spectrophotometer that may be operated
double or single-beam.  Instrument
features a double monochromator de-
sign, and push-button control for rou-
tine work. Scientific Instruments Div.,
Beckman Instruments, Inc., Fullerton,
Calif. 93A

(Continued on page 68 A)
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GURLEY

GURLEY

INSTRUMENTS FOR POLLUTION CONTROL

Now—-Record Wind Velocity
in Any of Three Units

The Gurley Universal Anemometer reads wind ve-
locity—important factor in controlling air contamina-
tion—in kilometers per hour; miles per hour; or knots.
The three units can be used interchangeably. A simple
switch over a calibrator changes the instrument’s
method of recording from one speed unit to another.
The indicator pointer instantly adjusts to the correct
reading for the unit selected. The Gurley DC An-
emometer is wind-powered...requires no outside
power to indicate and record velocity. Accurate within
2% at velocities from about 2 to 100 miles per hour, it
is frequently used to control other equipment.

Gurley Anemometers are in wide use at municipal
and industrial pollution control laboratories, airports,
weather stations, oil refineries, in homes and at shore
installations. Other Gurley Wind Instruments for pol-
lution control stations include: Wind Direction Instru-
ments, Wind Velocity and Direction Recorders and
Pilot Balloon Theodolites. Write for Bulletin 6000.

Current Meters, Water Level
Recorders Reveal Water Conditions

The study of flow and level of water are two basic
steps in controlling pollution of streams and other
waters. The basic flow measuring instrument is the
Gurley Current Meter, in use in federal, state and
municipal bureaus for 70 years. Gurley Current Meters
are available in a variety of outfits for use by overhead-
cable suspension...wading-rod suspension...explora-
tion and survey parties. Gurley’s “Price Pattern” in-
struments can be supplied in either fresh or salt water
models. There is also the “Pygmy” for shallow streams,
flumes and canals.

Gurley Water Level Recorders make continuous
graphic records for an entire day or week. Float-
operated, simple in construction and operation, they
are widely used in reservoirs, sewers, sewage disposal
and hydro-electric plants, and supplement irrigation
and stream gaging measurements. For details on these
and many other Gurley Hydraulic Engineering Instru-
ments, write for Bulletin 700.

Other Gurley Instruments to aid you in pollution
studies include: Densometers for measuring porosity,
air-permeability and air resistance of samples; Perme-
ometers for measuring air flow through samples. Write
for further information.

W. & L. E. GURLEY, 523 Fulton St., Troy, New York
Instrument Makers Since 1845

For further information, circle numbers 67 A-1, 67 A-2 on Readers’ Service Card, page 75A
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DETERMINE PROTEIN,
FAT AND FIBER
CONTENT THE EASY
LABCONCO WAY!

KJELDAHL APPARATUS FOR
PROTEIN DETERMINATION

Gas or electric heat, variable heat controls, timers,
thermo-water controls, hooded units where heat is a problem . . . no
matter what your requirements, Labconco has the right size and model

s $

Kjeldahl for you.

‘, e 9%

MICRO-KJELDAHL DIGESTOR

Individual rheostat controls give you the exact

heat you want every time. Small, compact, low in cost. Heaters
cement imbedded. Thoroughly insulated
controls are housed in all stainless steel
cabinet.

.

C w1 ®

CRUDE FIBER CONDENSER

Minimizes frothing in the troublesome

part of the determination. Instant response to heat regulations,

no troublesome hose connections. Made in 2, 4 and 6 capacity units, com-
plete with all glassware.

fd

GOLDFISCH FAT EXTRACTORS
Automatic release-and-seal to cut solvent ex-
traction time. Get results in 2 to 4 hours that
used to take all day. Reclaims high percentage

of solvent, operates safely in open rooms.

Write today for this Free Catalog. Full description and photos of all
LABCONCO protein, fat and fiber apparatus.

LABCONCO
World's Leading Manufacturer of Kjeldahl Apparatus

LABORATORY CONSTRUCTION COMPANY - 1109 Holmes St., Kansas City, Mo.

For further information. circle number 68 A on Readers’ Service Card, page 75 A

68 A * ANALYTICAL CHEMISTRY

Product Capsules

Spectrophotometers, Recording.
Cirele 29A-1 for information on re-
cording spectrophotometer that helps
set color tolerances for production runs.
Circle 29A-2 for information on com-
pany’s tristimulus integrator, an auto-
matic computer that provides numerical
values for 3 factors: hue, vividness,
and lightness. Cirele 29A-3 for peri-
odical “Spectrophotometry Digest” that
provides the latest news on color meas-
urement.  General Eleetric Co., Sche-
nectady 5, N. Y. 29A-1,2,3

Spectrophotometers, Recording.
Complete information available on the
new KM-1 table-top double-beam infra-
red recording  spectrophotometer  de-
signed espeeially for routine analyses.
Baird-Atomic, Ine., 33 University Rd.,
Cambridge 38 Mass. 76A

Stopcocks. Circle 101A for catalog
deseribing the full line of company’s
products with the new “Lab-Crest”
stopeock that is conventional in design,

| requires no lubrication, and provides no

product contamination. Fischer & Por-
ter Co., 1516 County Line Rd., Hat-
boro, Pa. 101A

Sulfur Determinators. 1G-page Die-
tert-Detroit catalog illustrates and de-
seribes both sulfur and carbon deter-
minators and the complete line of acces-
sory cquipment and supplies.  Circle
32A for copy. Harry W. Dietert Co.,
0330 Rosclawn, Detroit 4, Mich. 32A

Titration Equipment. Bulletins avail-
able on instruments for all electrometric
titrations. * Includes information on the
standard, automatic, high-frequency,
amperometrie, and coulomatic  titrim-
cters.  Fisher Scientific Co., 100 Fisher
Bldg., Pittsburgh 19, Pa. 70A-1
Titration Equipment. Catalog avail-
able. Provides full information on
company’s  automatic  clectrometric
titration apparatus using the seccond
derivative method of H. V. Malmstadt.
For use in all titrations usually as classi-
fied as potentiometric. Push-button
start, automatic shut-off. I.. H. Sar-
gent & Co., 4647 W. Foster Ave., Chi-

eago 30, Tl 75A
Titration Equipment. Titrator bul-
letin available. Describes low cost
“Waco” titrator for Karl Fischer

moisture determinations featuring no-
dip, ball joint Pyrex glassware, drain
flask, and magnetic stirrer. Wilkens-
Anderson Co., 4525 W. Division St.,

Chicago 51, Tl 69A

Tubing, Plastic. Tygon flexible plas-
tic tubing is cited as being chemically
resistant, glass-clear, tough, non-con-

(Continued on page 70 A)



BETTER ANALYSIS . ..

SINGLE-CHANNEL

GENERATOR DIFFERENTIAL
(Tipe EEHEY) SCINTILLATION

SPECTROMETER

The Model 513 provides a complete system for
quantitative and qualitative analysis of the energy
spectra of gamma-emitting isotopes. Especially

.' designed for chemical analysis . ., . physical re-
6g ’ search . . . biological tracing . , . medical in-
s vestigation.
...
Features:

This practical, low CFH generator can produce eco-
nomically dissociated ammonia atmosphere for use in
laboratory furnaces and even used for small produc-
tion runs. This generator is sold only through Labora- ® Precision analysis of one or more known or unknown isotopes.
tory Supply Dealers. For detailed information request
Bulletin No. 1059 from your dealer or write us direct. ® May also be used for integral counting.

©® Adjustable “‘window’’ that counts only pulses within
pre-selected segments of energy spectrum.

® Permits exploration of the spectrum in successive segments.

~Atomic, Inc.

2440 West Hubbard Street, Chicago 12, lllinois 33 UNIVERSITY ROAD, CAMBRIDGE 38, MASS.

Circle No. 69 A-1 on Readers’ Service Card, page 75A Circle No. 69 A-2 on Readers’ Service Card, page 75 A

l/”pgfkﬁ Laboratory Equipment Division

For fluorometric analyses, assay

and identification of chemical con-
stituents...in the

ULTRAVIOLET, VISIBLE

and INFRARED REGIONS

FOR MANUAL OPERATION, FOR RECORDING
OR FOR OSCILLOSCOPE PRESENTATION

The Farrand Spectrofluorometer is designed — affords great sensitivity and response even
for determining the optimum wavelength  when using capillary or micro volumes of
for activating Organic Compounds and the  highly diluted solutions.

optimum wavelength for measuring their

It is not of a console-type construction, and
emitted fluorescence spectra.

therefore can be serviced readily without dis-
The instrument is simple to operate, and the  mantling.
efficiency of the optical and detector system

BULLETIN NO. 820 UPON REQUEST

Engineering
Research » Development
Reecision Optigs BRONX BLVD. & EAST 238th STREET NEW YORK 70, NEW YORK

Electronic and
Scientific Instruments

For further information, circle number 69 A-3 on Readers’ Service Card, page 75A
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Eaxclusive

SLOWER STIRRING
COOLER HANDLING

make

The Will Gyratherm

the choice of over 500 laboratories

B@St fOT Stirring and heating in closed systems,

eliminating stirring glands and shafts.

Putting material into solution without
effort.

Because...

IT STIRS SLOWER ... and faster. Exclusive belt-
drive (Alnico magnet on its own shaft) offers
the widest range of stirring speeds of any
magnetic stirrer.

IT'S COOLER TO HANDLE.
Housing is fan-cooled, fully insulated from
top plate.

IT HEATS FASTER.
Full 750-watt Nichrome elements jacketed
in stainless steel bring top plate to 725° C
in less than 30 minutes (heater is replace-
able, too).

IT REPRODUCES CONDITIONS FOR
SUBSEQUENT TESTS.
Separate controls are graduated,
affected by +15% voltage fluctuations.

—
SS——=rra

assNs

un-

25210T—Will Combination Magnetic Stirrer and Hot Plate, 8”diameter. Complete with stir-
ring bar and 6 foc* ine cord with Statite safety plug.For 115 volts, A.C.. . $115.00

ORDER YOURS NOW

®
CORPORATION
1 and subsidiaries
ROCHESTER 3, N.Y. * ATLANTA 1, GA. * NEW YORK 12, N.Y. * BALTIMORE 24, MD. » BUFFALO 5, N.Y.

For further information, circle number 70 A on Readers’ Service Card, page 75A
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Product Capsules

taninating, non-toxic, seamless, and
casy to handle. U. S. Stoneware,
Akron 9, Ohio 96A

Ultracentrifuges. TFull details avail-
able on the automatie, vacuum, refriger-
ated Spinco Model L preparative ultra-
centrifuge that applies forces up to
144,000 times gravity on 162 ml of
material at a maximum speed of 40,000
rpon - Unit is self-contained.  Spinco
Div.. Beckman Instruments, Inc., Bel-
mont 7, Calif. 97A

Viscosimeters. Circle 88A-1 for bul-
letin on the Hoeppler viscosimeter that
operates on the falling ball principle.
Cirele 88A-2 for bulletin on the Ubbe-
lohde viscosimeter that operates on the
principle of the suspended level. Fish-
Schurman Corp., 72 Portman Rd., New
Rochelle, N. Y. 88A-1,2

Voltage Regulators. Details avail-
able on the Curtiss-Wright line regu-
lator that provides fast recovery time
(less than /5th evele, or 330 microsec-
onds) plus the ability to reduce typical
power line distortion to less than 0.39.
Capacity is 1.4 KVA. Electronics
Div., Curtiss-Wright Corp., Carlstadt,
N. J. 100A

Washers, Laboratory. Bulletin avail-
able that provides complete descrip-
tive literature on company’s glassware
washer and dryer.  Automatic, it ac-
commodates over 909 of all laboratory
glassware, company states. The Chem-
ical Rubber Co., 2310 Superior Ave.,
Cleveland 14, Ohio 104A-2

Water Bath Heaters. Complete data
available on unit that regulates, heats,
stirs and circulates.  Sensitive within
+0.05° C. Can circulate 1 liter per
minute to external instruments. Has
1000-watt tubular immersion heater.
Weight: 8!/, lbs. Case dimensions:
3" X 4y, X 3., Arthur S.
LaPine and Co., 6001 S. Knox Ave.,
Chicago 29, T11. 103A

CHEMICALS AND MATERIALS

Research and reagent chemicals go
hand in hand with the latest improved
materials to help the technologist an-
alyze properties and create new appli-
cations. Information available from
the following sources will help to im-
prove existing techniques and open up
new and profitable avenues of investiga-
tion. See page 75 A for directions on
obtaining free information on the fol-
lowing items.

(Continued on page 72 A)
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0.5% BOVINE ALBUMIN

RAYLEIGH INTERFERENCE FRINGES provide high-
sensitivity measurement of solute concentration at any level
in analytical cell. Used for determining molecular weights —
both high and low—by the equilibrium method. as well as
for measuring sedimentation velocity by the centrifugal trans-
port of material past a given level in the cell.

*

N
¢ Qﬁ

SYNTH[ TIC BOUNDARY cell permits establishment of
an immediately-measurable boundary by a layering tech-
nique. This extends sedimentation-rate measurements from
the previous practical lower molecular-weight limit of
10,000, downward to 500.

i
i
3

HEEEEENENEN
0.006% DEOXYRIBONUCLEIC ACID

ULTRAVIOLET \BSORPTION method gives very high sen-
QI(I\I(\ with l’LSPLL( to Conc«.ntrumn [’Uh(l’ th1n conCLn(rann
gmdun( as in schlicren techniques. Newly-designed optical
system is particularly valuable for such materials as nucleo-
proteins and other ultraviolet-absorbing substances exhibiting
diffuse or inhomogencous boundaries.

40,000-rpm SWINGING- BLAC]\LT rotors make prepara-
tive operations most closely comparable with analytical,
give most accurate estimation of sedimentation by sam-
pling. Boundaries sediment normally and undergo mini-
mum reorientation. Quartz inserts permit spectrography.

Advancements in Ultracentrifugation

New developments, constantly introduced, have greatly extended the usefulness of

the Analytical Ultracentrifuge. They are typical of the continuing research by Spinco

in high-speed centrifugal force for use in medicine, pharmaceuticals, chemicals,

petroleum, food, plastics, agriculture, atomic energy, metallurgy, and material testing.

Your inquiry is invited for further information on these or other developments

which may provide solutions to your problems in physical research. Write Spinco

Division, Beckman Instruments, Inc., 3elmont 7, California.

Beckman/ spinco Division

For further information, circle number 71 A on Readers’ Service Card, page 75 A

VOL. 29, NO. 3, MARCH 1957 o 71 A



50 TONS OF PRESSURE
vE
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owerful enough to crush a piece of granite—sensitive enough

to crack an eggshell without breaking the egg—that's the
50-Ton capacity Wabash Hydraulic Laboratory press’'s rugged
4-column design for uniform pressure. Thermostatically-con-
trolled, heated platens have precision ground surfaces. 7"
stroke. Daylight opening adjustable to 15% " (longer col-
umns to order). Two 50-ton models—the 50-15 has 12" x
15" platens, the 50-24 has 18" x 24" platens. Both available
for manual operation or motorized. Ideal for lab work, pilot
runs, light production, Perkin-Elmer method, etc. Send for
catalog showing the modern Wabash line, giving applications

and listing users.

Makers of Wabash Platens—Electric
or Steam Heated—Water Cooled.

® Presses from 3
to 50-tons.

Wabash Metal Products Co.

1556 MORRIS ST., WABASH, INDIANA

For further information, circle number 72 A-1 on Readers’ Service Card, page 75 A
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SARGENT Bibliography of

Polarographic
e Literature
el 1922-1955

"~ compiled and published by

E. H. SARGENT & CO.

192 page book containing:

e OVER 6,800 LISTINGS OF WORK DONE IN
THE FIELD OF POLAROGRAPHY

e A 48 PAGE SUBJECT INDEX CONTAINING
OVER 14,000 REFERENCES TO APPLICA-
TIONS AND INVESTIGATIONS

$-29368 BIBLIOGRAPHY OF POLAROGRAPHIC LITERATURE—1922-1955, SARGENT
Containing over 6,800 references to  author, complete with title of paper,
work done in the field of polarog- journal reference and abstract refer-
graphy. This bibliography represents  ence. In cases where the title does not
the latest thorough review of work  denote the content of the paper, edi-
done in this field to date. torial notes are included to provide

All polarographic references are  this information. An extensive subject
arranged in alphabetical order by  index of applications and investiga-

tions supplements the bibliography

$5.00
SCIENTIFIC LABORATORY INSTRUMENTS o APPARATUS o SUPPLIES » CHEMICALS

E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS
MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS
SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA.

For further information. circle number 72 A-2 on Readers' Service Card, page 75 A
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Product Capsules

Adsorbents. A hard, porous, white
granular synthetic adsorbent, produced
in a variety of mesh classifications,
“Florisil” is being used in the most
difficult scparations of organic com-
pounds, company states.  Floridin Co.,
P.0. Box 989, Tallahassce, Fla.  85A

Buffer Solutions. Information avail-
able on handy pH buffer kit that con-
sists of three 500 ml polyethylene dis-
pensers and 9 packages of powdered
buffer salts, scaled in moisture proof
envelopes.  Analytical Measurements,
Inc., 535 Main St., Chatham, N. J.
87A-2
Chemicals, Reagent. New catalog
available. A reference guide, it lists
nore than 1,300 “Baker Analyzed” re-
agents and other high-purity laboratory
chemicals.  Ilas new listings important
in new procedures.  J. T. Baker Chem-
ical Co., Phillipsburg, N. .J. 35A
Filter Papers. Circle 21A-1 for analy-
sis kit sampler with large assortment of
11 em cireles in wide selection of grades.
Several quantitative papers included in
sampler are also available in sheets or
strips for chromatography and clectro-
phoresis.  Carl Schleicher & Schuell
Co., Keene, N. I1. 21A-1
Filter Papers. Circle 59A for samples
of synthetic fiber papers made of dynel,
teflon, polyvinylehloride, zein,
nylon, and cellulose acetate.  H. Recve
Angel & Co., Ine., 52 Duane St., N. Y. 7,
N. Y. 59A
Isobutyronitrile. A reactive inter-
mediate, isobutyronitrile is now avail-
able in commereial quantities. Boiling

glass,

range:  100°-105° C. Specifie grav-
ity: 20° (C/20° C-0.7690-0.7720.
APHA color: 20 max. Water: 0.89
max.  Aldehydes (as carbonyl): 1.09,
max. Circle 33A for sample. East-

man Chemical Products, Inc., Kings-
port, Tenn. 33A

Laboratory Chemicals. Circle indi-
cated numbers for complete information

on the following Baker & Adamson
laboratory  chemicals:  inorganic re-
agents,  SA-1; acids, 8A-2;

3; rare earths, 8A-4;
organic chemicals, and biological
stains & indicators, SA-6. General
Chemical Div., Allied Chemical & Dye
Corp., 40 Rector St., N. Y. 6, N. Y.

8A-1t0 6

Lithium Compounds. Lithium metal,
lithium hydride, lithium hydroxide and
lithium carbonate are the basis for both
experimental and commercial studies as
polymerization catalysts in the manu-
facture of certain plastics, polymers and
resins.  Circle 24A for general informa-

radiochemieals, SA

tion. Lithium Corp. of America, Inc.,
2525 Rand Tower, Minneapolis 2,
Minn. 24A



Three NEW determinators for

Sulfur
Titration

Designed for use with {
the combustion-titration ! J
procedure for analyzing o

steel, iron, oll, slag. ores, 7 |
limestone, coal, coke and f ]

many other materials. g

Above-Basic model, simply
match color by eye

At left—Semi- |
automatic model, i
accurately titrates { i
to meter reading H

1]

Below—Automatic |
model, monitored |
electronically

Now, with this new
Leco aratus, you
can titrate cither auto-
matically or by electri-
cally controlled push
buttons. Titrating stop-
cocks eliminated.

Write for further information

LABORATORY EQUIPMENT CORP.
3003 Hilltop Road, St. Joseph, Michigan
Circle No. 73 A-1 on Readers’ Service Card, page 75A

~ Brown

INVERTED

Developed by Dr. J. B. Brown, Director of the Institute of Nutrition
and Food Technology and Professor of Physiological Chemistry of the
Ohio State University in the course of his work on fatty acids."?

Inverted suction filtration is particularly useful in the separation of fatty
acids and similar compounds by means of low temperature crystalliza-
tion. The technique can be adapted to many other procedures in or-
ganic chemistry.

In use a funnel with filter paper attached is lowered as illustrated
above into a beaker containing precipitate and liquid. The supernatant
liquid is removed by suction, leaving the precipitate to be washed and
collected. The fechnique is fully described in the references cited and in
the descriptive bulletin which is available upon request.

) .

s K. Kolb, Applications of Low Tempersture Crystol
nds. Progress in the Chemistry of Fats, Vol

Pres:. London
2/ 1.8 Brown, Fractional Solvent Crystallization. Journal of the Americ
1955 Vol. XXx'l No. 11 pp 646.65:

Brown nverted Funnel |A 80mm 60mm 3mm 140mm 110mm 8mm 6.50
4 142mm 115mm 5mm  220mm 160mm 10mm 14.00

COORS PORCELAIN COMPANY
COLDEN, COLORADO

Circle No. 73 A-2 on Readers' Service Card, page 75A

lett - - -

Photometers

Kle#—gmmeuan

No. 2070

Designed for the rapid and accurate determina-
tion of thiamin, riboflavin, and other substances
which fluoresce in solution. The sensitivity
and stability are such that it has been found
particularly useful in determining very small
amounts of these substances.

|
_Ig_
————KLETT SCIENTIFIC PRODUCTS ———

ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM-
ETERS e GLASS STANDARDS e KLETT REAGENTS

K/@fl Manufacturing Co.

179 EAST 87TH STREET, NEW YORK, N. Y.

Circle Nos. 73 A-3, 73 A-4 on Readers’ Service Card, page 75 A
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SAVE TWO-THIRDS—A large Eastern University cut
its replacement costs by two-thirds after it switched
to PYREX brand No. 3046 graduated cylinders.

Test at large university shows how to erase
two-thirds of your graduated cylinder breakage

When one of the largest schools of
technology in this country decided to
find out how true are the claims we
make for PYREX brand graduated cyl-
inders, it came up with this result:

Just one PYREX cylinder ends up in the
“broken glass” pail for every three of
the leading competitive brand.

The university based its test on the
cylinder-breaking ability of two large
groups of chemistry students. One
group uszd only PYREX No. 3046 cyl-
inders for a full semester. The other
group used only the competitive brand.

74 A o ANALYTICAL CHEMISTRY

Why do you get such low breakage?
No magic involved—just forty-and-
then-some years of know-how that’s
built into the design of the PYrREx No.
3046 cylinder and the glass it’s made of.
These design fea-
tures, for example: Re-
inforced bead strength-
ens cylinder, helps
prevent breakage if
cylinder tips over.
Hexagonal base—a
Corning first—with
extra base width to re-
sist tipping. Also pre-
vents rolling when you
set cylinder on its side.

Permanent graduations
You also get LIFETIME RED gradua-
tions on No. 3046 cylinders. Etched
right into the glass through a perma-
nent layer of red, they can’t wear off.
No. 3046 cylinders are available in
sizes 10 thru 250 ml. For more infor-
mation on these and other PYREX volu-
metric ware, consult your Laboratory
Supply Dealer or your Laboratory
Glassware Catalog LP36. If you don’t
have this catalog of Corning glass-
ware, we'll be glad to send you a copy.

CORNING GLASS WORKS
72-3 Crystal St., Corning, N.Y.
MWW& Gars

PYREX® laboratory ware

. . . the tested tool of modern research

For further information, circle number 74 A on Readers’ Service Card, page 75 A
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ADVERTISED
PRODUCTS INDEX

EQUIPMENT AND INSTRUMENTS

Absorption Cells, Glass. . . . . . 37 A-2
Amplifiers . . . . . . . . . . 57 A-2
Anemometers . . . . . . . . . . 67 A-1
Balances . . . . . 6A,10A,47 A-1,77A
Blenders . « «.v v o 0 o - w s oo 81 A-1
Calorimeters . . . . . . . . . . 83 A-5
Centrifuges . . . . « « . « . .

. 41 A-2, 83 A-2, 83 A-3, 83 A-4, 89 A-3
Chromatographs, Gas . .16 A, 32 A, 66 A-1

Chromatography Cells . . . . . . 63 A-1
Colorimeters . . . . . . . 73 A-3, 76 A-6
Combustion Apparatus . . . . . .

SR R 59 A-1, 59 A-2, 59 A-3
Combustion Bombs . . . . . . . 64 A-3
Conductivity Bridges and Cells . . 86 A-2
Cylinders, Graduated . . . . . 43 A,74 A
Densitometers . . . . . . . . . 23 A-2
Distillation Apparatus . . . . . .

........ 87 A-1, 87 A-2, 87 A-3
Distilled Water Equipment . . . . 62 A-l
DIYOr8 . + s s o = s o v & o & & 40 A
Electrodes, Spectrographic . . . .

........ 18 A-1, 18 A-2, 18 A-3
Electrometers . . . . . 57 A-1, 88 A-1
Electrophoresis Apparatus . . . . 17 A-2
Evaporators and Accessories . . . 34A
Fat Extractors. . . . . . . . . . 68 A
Fiber Condensers . . . . . . . . 68 A
Filter Bells . . . . . . . e oo 41A-3
Flask Heaters . . . . . . . . . 47 A-2
FIABKS o o1 s o oo o wiin = e o 62 A-2
Flowmeters . . . . . . . . . . 3A
Fluorometers . . . . . . . . . .

20 A, 23 A-3, 69 A-3, 73 A-4, 76 A-3
Fractometers, Vapor . . . . . . . 49 A
Funnels, Inverted . . . . . . . . 73 A-2
Funnels, Weighing. . . . . . . . 41 A-3
Fused Quartz Ware . , . . . . . 27A
Generators . . . .« .« o . . oo . 69 A-1
Glassware, Laboratory . . . . 62 A-2,74 A
Glassworking Torches . . . . . . 64 A-1
Hot Plates . . . . . . . . 17 A-1, 70 A
Incubators Anaerobic . . . . . . 88 A-2
Kjeldah! Apparatus . . . . . . . 68 A
Laboratory Furniture. . . . . . . 26 A-3
Mercury Ejectors . . . . . . . . 24 A-2
Metal Joints . . . . . . . . . . 84 A
Microammeters . . . . . . . . . 89 A-1
Mixers . - - <« ¢ o« o o 79 A, 83 A-1
Moisture Testing Equipment . . . 81 A-2
Nephelometers . . . . . . . . . 76 A4
OVeNE s < s s v v & =0 & @ 14 A, 25 A-2
pHMeters . . . . . . « « . . .

. . . .23A-1,25A-1,76 A-2, 3rd Cover
Photometers . . . . .. . 38 A-1, 76 A-1
PSS o o o o » v = o wie 0 ww S8 A
Platform Discs . . . . . . . . . 28A
Polarimeters . . . . . . 26 A-1, 37 A-1
Presses, Hydraulic . . . . . . . 72 A-1
Pressure Regulators . . . . . . . 86 A-1
Pumps, Bottle . . . . . . . .. 63 A-2
Pumps, Mercury . . . . . . . . 24 A-2
Pyrometers . . . . . . . . . . . 41 A-1
Quantometers . . . . . . . . . 65 A

Reflectance Recorders . . . . . . 33 A-1

BB L A et A e e A R R S AR A AR AR AR A SRS S a s . o= sl E s e s oae e e - e neEE s eEsEEE NS E e N ananees - ——— ——— — — —— —— —

MARCH 1957
rs’ Information Service

These handy cards will bring information of value to chemists,
engineers, and other technologists in laboratory, pilot plant,
and production

Circle desired items: Numbers on the adjoining tear-out card are
keyed to items in the NEW PRODUCTS, NEW CHEMICALS, and MANU-
FACTURERS’ LITERATURE sections on the immediately following pages.
For further information on any new product or service, or for a copy
of literature listed in MANUFACTURERS’ LITERATURE, circle the cor-
responding number and mail card. For information about any of
the products listed in the ADVERTISED PRODUCTS INDEX, or in the
PRODUCTS CAPSULES section, the reader should write direcHy to the
company concerned.,

See page 78 A for New Products, 84 A for New Chemicals and
86 A for Manufacturers’ Literature
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Readers’ Information Service
March 1957=—Valid through August 1957
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45 46 47 48
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READERS’ INFORMATION SERVICE
Analytical Chemistry

430 Park Avenue

New York 22, N. Y.
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Spectrometers. . . . . . 69 A-2, 85 A-1
Spectrometers, N-M-R 50 A

Spectrophotometers . .

Spectrophotometers, Infrared . . 31 A, 48 A
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Stopcocks . . . . . . . 45 A
Titration Equipment, Sulfur 73 A-1
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Tubing, Rubber . . . . . . . . . 82 A
Ultracentrifuges . . . . . . . . . 71 A
Valves . o vo: v o i o > cnoe o w 86 A-1
Viscometers . . . . . . . . . . 56 A
Wash Bottles, Polyethylene 41 A-3

Water Current and Level Instru-
struments

CHEMICALS AND MATERIALS

Acids
Bromine
Chemicals, Reagent . . .
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for information
on these modern
analytical methods

FLAME PHOTOMETRY

Rapid, direct measurement of
Sodium, Calcium, Potassium,
with new uses soon to be
available.

pH, AUTOMATIC TITRATION
Fully Automatic Titration...
priced for any lab. Famous
Coleman pH meters in labo-
ratory and portable models.

FLUORIMETRY Mmost
rapid, precise analysis for
Vitamins, Quinine, Atabrine,
Porphyrins, Steroids, and
metal complexes.

NEPHELOMETRY The key
to difficult analyses such as:
clarity of liquids, concentra-
tions of solids in suspensions,
sterility of clear liquids,
growth rates of bacteria.

SPECTROCHEMISTRY
Coleman Spectrophotometers
are world-famous for practi-
cal, precise analysis, thousands
of procedures are written di-
rectly for thesé time-saving
laboratory tools.

COLORIMETRY Coleman

offers the biggest sample

range, more ways {o measure,

direct constituent readings,

your best buy in colorimeters.
Only $182.50.

|
See page no. 20 and }
SEND THIS CARD TO: i
|
|
|

COLEMAN INSTRUMENTS, INC.
318 Madison Street « Maywood, Illinois

Please send me full information on
analytical instruments for:
E] Flame Ph y D Iaakhat y I
[ pH . . Automatic Titration [ Spectrochemistry
[] Fluorimetry [ Colorimetry

1
Name. |
Title.
Company.
Address.
City______
State

i
Circle. Nes. 76 A-1, 76 A-2, 76 A-3, 76 A-4, 76 A-5,
76 A-6 on Readers’ Service Card, page 91 A



Announcing the

artorius PROJECTA

NEW ULTRA-MODERN

TWO PAN
ANALYTICAL BALANCE

Here is the first TRULY NEW bt
double pan balance in years!  weGHts — .

m All-metal, semicircular housing
m Circular sliding doors |EXTRA HIGH
m Built-in weights to 10 gr. 'PAN BOWS

Single piston type adjustable dust-
m proof AIRDAMPER, stops oscillation glo‘lgg;AR

—8i

instantly
m Table level dial for built-in weights SINGLE
o T RELEASE
m Extra large weighing compartment KNOB FOR
for bulky: objects BEAM, PANS
Permanent Center Pane, protects vital LIGHT £ \
m parts against body radiation and : /
breath el
m Built-in swiveltype drawer for addi- WEIGHT % M {
tional weights |DIAL—) ; ) ' B
| “ _
| WEIGHT , =

DRAWER T AT T
Here is a milestone in the develop- | ;
ment of conventional balances!

A two-pan balance with unmatched CHOICE OF 3 MODELS!

speed and convenience of opera-
tion!

No Chains! No beamriders! Auto-
matic indication of end-result on

” a“
pro]ecﬁon screen pIUS gucromeed STANDARD CAP 200 gra.rr:s.
CONSTANT Sensitivity over entire 1/40 mg sensitivity

range!
HSEMI MICROH CAP. 100 grams

1/100 mg sensitivity

llRAP'D" CAP. 200 grams

1/20 mg sensitivity

THE PROJECTA IS NOW AVAILABLE FROM SELECTED LABORATORY SUPPLY HOUSES THRUOUT THE UNITED STATES.
FOR FULL DETAILS AND ADDRESS OF YOUR NEAREST DEALER WRITE TO

U. S. Distributors C. A. BRINKMANN & (0., 378-380 GREAT NECK ROAD, GREAT NECK, L. I, N. Y.

For further information, circle number 77 A on Readers’ Service Card, page 75A

VOL. 29, NO. 3, MARCH 1957 « 77 A



Baird-Atomic KM-1 spectrophotometer

Low Price IR Spectrophotometer
Features Expandability

JURTHFRING the trend to mwake infra-

red available to the chemist for
routine analvses. Baird-Atomice. Ine.
has announced its reasonably-priced
model  double-beant infrared  spectro-
photometer. This table-top instrument
is designed not only to make reliable in-
frared analysis possible at @ moderate
cost, but features cxpandability which
will  provide versatility  approaching
that of their more expensive Model
4-

3
In developing  the KNM-1, Baird-
Atomic Fag kept many of tae larg
strumert’s basic features. Cne of these
is tae Lage prism optical svstem which
incorporatas  an SO-squars-centimeter
NaCl prism.  This, the company says,
assures aptimum performan-e in mini-
mumn operating time and allows use of
auxiliary prisms to extend the KM-1'x
range. The chert size is kopt the same
as in the 4-55, ramely 5 X 171/ inches,
allowing continuitv  in accumulating
a chart library where both instruments
are uscd to supplement cach other.
Baird-Atomic considers the principle
of expandability very impcertant in the
design of the KM-1. Therefore, sev-

78 A » ANALYTICAL CHEMISTRY

eral provisions are made for addition of
components which, when incorporated.
will make the KM-1 approach the more
complex model in versatility, if not con-
venienee, says the company.  The re-
searcher interested in differential analy-
<1s can add fixed slit meehanism, a varia-
able scan drive. and an a.e. bias. A
narrow slit program device can he added
for high resolution work, as well as a
recyeling mechanism for kinetie studies.

To make thisx infrared instrument sini-
ple and compact, company enginecers
climinated the general console structure.
cell walls, linkages between cams and

drun everal versatility features, and
convenient front panel contro In
the new model, sampling space is at the

front of the instrument. The recorder
drum ix placed on top of, and concentric
with, the cams, thus eliminating an en-
tire series of bearings. worm wheels.
and other connecting linkages.  The
clectronics have been redesigned so that
the amplifier. power supply, battery.
and battery charger are repackaged in a
small unit.  Total number of tubes in
the entire instrument was reduced to
cight.  With the substitution of a per-

manently sealed bolometer for the evac-
uated  bolometer, the vacuum pump
was eliminated.  The sean drive was re-
duced to a synchronous motor with the
overdrive operation provided by rotat-
ing the drum-cam combination by hand.

A company spokesman reports that
this rugged instrument represents the
best of Baird-Atomie’s long experience
in infrared, combined with new ideas and
new features carefully exceuted in de-
sign.  The manufacturer’s feeling is that
low initial cost, good basic performance,
compatible chart size, plus expandabil-
ity, will make the KM-1 attractive to
the budget-limited laboratory, the lab-
oratory needing a second instrument.,
and the university laboratory. 1

Mirniature TV Camera
for Research

A streamlined TV camera, small
cnough to fit in the palm of the hand, is
now available, says the Majestic Inter-
national Sales Corp.  The miniature
camera, made in West Germany by
Grundig, measures only 5'/¢ inches in
length and 2 inches in diameter.  The
camera 1z equipped with a variety of
lenses and mirror attachments.  Tiny
spring-mounted wheels permit the camera
to examine remote, cramped locations.

It can be moved back and forth in
tight spaces by drawing or pushing the
thin perlon cable which contains remote
control and power wires. Viewing of the
picture can be done at whatever dis-
tance from the camera is necessary.

Indicated possible applications are:
remote monitoring of gages and instru-
ments, viewing close-ups of reactions
ind experiments from a safe distance.
and examination of areas not accessible
to the human cye.

Miniature TV camera



Ultramicrobalance
Receives Major
Improvements

According to Microtech Services Co.,
its Rodder Model I quartz torsion ultra-
microbalance has recently undergone
several major improvements. With a
200 mg. load on each pan, the sensitivity
has been inereased to 0.05 microgram.
Both the case and loading chambers
have increased insulation to minimize
drift resulting from local temperature
changes.  Another improvement listed
by the company is more convenient
loading for pans, capillaries, and

tares provided with a redesigned pan
holder which will give rather than
break. 3

Old-Line German
Glassware Again
Available in U. S.

Kern Laboratory Supply Co.
nounces the re-entry to this country of
Jena and Haldenwanger glassware after
an absence of a number of years. Both
lines of laboratoryware are manufac-
tured in West Germany and are im-
ported exclusively by Kern. Said to con-
tain many modern improvements, both
lines of the German glassware are now
available for distribution by Kern
through laboratory supply houses. 4

an-

Filtration Units

The physical quality of water used in
the laboratory techniques can be im-
proved by removal of infinitesimal
particles with a MIK filtration unit,
claims Heico, Inc.  Best results cannot
always be obtained with chemically pure
water due to sub-microscopic matter,
He co says; therefore, the new filtration
units have been developed to insure
physical purity.

Specific models of the MIK filtration
unit are available for analytical labora-
tories, chemical industries, nucleonics,
and photography. 5

Freezing Point Apparatus

A new series of nitrogen cryostats,
available for both laboratory and mili-
tary applications, is now offered by the
Perkin-Elmer Corp.  These units are
said to differ from conventional open
flask coolers in that they are completely
closed recirculating systems.  Danger of
spilling or loss by evaporation is elimi-
nated, and the cooling heads can be
operated vertically, horizontally, or at
any other desired angle.

The Model 147, designed for labora-
tory use, consists of a miniature cooling
head .llld a compressor-regulator as-
sembly. The cooling head utilizes the
Joule-Thompson effect and the principle
of regenerative cooling. Compressed
nitrogen is passed through a miniature
heat exchanger where it is cooled by
nitrogen returning from an expansion
nozzle. After the expanded gas is re-
covered, it is returned to the compressor
for recirculation.

Operating from a nominal 117-volt
a.c. power supply, the Model 147
eryostat is suitable for cooling infrared
detectors, for cooling traps in vacuum
systems, and for similar applications,
the company says.

Gas-Liquid
Chromatography
Apparatus

The Aerograph, manufactured by
Wilkens Instrument & Research, Inc., is
designed to make gas-liquid chromatog-
raphy economical for the school and
independent researcher.  According to
the company, the instrument features
rapid and accurate resolution of volatile
compounds in samples ranging from 2 to
100 mg.

Aerograph Model A-90

Compounds with boiling points rang-
ing from 20° to 400° C. may be sepa-
ated qualitatively and collected quanti-
tatively, says the company. Samples
are injected with a '/ ml syringe
through a special silicone rubber gasket,
and may be separated and collected
without the formation of azcotropes in
minutes, claims Wilkens.

Two models of the instrument arce
available, each occupying only 1.1
square feet of bench space. The Model
A-100 is supplied with a strip chart

For further information, see
» coupon on page 75 A

SFPFISHER

has a mixer

for every
laboratory job!

Fisher Scientific. America’s largest
manufacturer-distiributor of laboratory
appliances, can supply you with the
most comprehensive assortment of
stirrers, mixers and shakers, including
combination units which both heat and
agitate. And you can get these, along
with more than 15, 000 other items of
laboratory equipment and over 7,300
chemlcal';, direct from stocks main-
tained in the seven Fisher plants serv-
ing the United States and Canada.

©00000000000000000000000000000000

STIRRERS

Stirrers with adjustable o
speeds, changeable blades,

electric or air driven,
portable or permanent
mounting . find
them all at

tific. (Illustrated: Fishe
Heavy-Duty Stirrer)

MIXERS

Motor-driven Fisher Mix-
ers, with or without auto-
matic timing, combine
vibrating, tumbling and
stirring agitation. For use
with all types of liquids
and solids. (Illustrated:
Fisher Kendall Mixer)

SHAKERS

For mixing, dissolving
and blending solutions,
dispersions, emulsions and
other liquids. (Illustrated:
Fisher Gyrosolver)

00cvcene

seesccccsccee

cesevessercesetcsectecscsccsesssronse
X B-4la
Write for handy bulletin 1t’s a 16-page
guide to the selection and uses of Fisher
Stirrers, Mixers and Shakers.

100 FISHER BLOG., PITTSBURGH 19, PA.
FISHER
SCIENTIFIC

Boston Buffalo  Chicago Charleston, W. Va.
Cleveland Detroit  New York  Philadelphia
Pittsburgh  St. Louis Washington Montreal - Toronte

America’s Largest Manufacturer-Distribufor of
Laboratory Appliances and Reagent Chemicals
Circle No. 79 A on Readers’ Service Card, page 75 A
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recorder: Model A-90 comes without a
recorder but may be connected to re-
cording equipment if desired. v 4

New Condensation Apparatus

A new type of condensation trap for
efficiently trapping volatile compounds
is announced by the California Scien-
tific Glass Co. it ix
designed  for use where  quantitative
condensation is required in the vieuum
manipulation of hydrocarbons and other
volatile compounds.  Completely made
of glass. the product can also be used as
a vacuum system fore frap and as a col-
leetor in air pollution anal

When the trap is inme
fills the inner glass spiral anc

The company s

coolant
surrounds

New condensa-
tion trap

the outer surface of the trap. The com-
puny claims this inner spiral provides
5077 ereater cold surface for condensa-

In laboratories the world
over, Tygon Tubing
safeguards the purity of
contamination-sensitive
solutions. Tygon neither
absorbs nor imparts impurities,
taste or odor. Glass clear for
\ solution visibility, softly
flexible for ease in use, tough,
durable and sterilizable, Tygon
is made in more than 60 sizes.
Conveniently packaged.
Branded with name and
formulation for your protection. %‘

U. S. STONEWARE

PLASTICS &
SYNTHETICS
DIVISION AKRON 9, OHIO
o AT YOUR LABORATORY SUPPLY HOUSE—

For further informatiom, circle number 80 A on Readers’ Service Card, page 75A
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tion with the same external dimensions
of conventional traps.

[t is available in sizes to fit pint and
quart Dewar flasks;  larger or special
sizes can be obtained on special order. 8

Portable Photometer Available

A new photometer is available to us-
ers of light measurement equipment,
announces  Eldorado  Electronies  Co.
The PH-200 Tuiversal photomultiplier
photometer is said to feature high sensi-
tivity and accuracy, low drift. flexibility
of operation, and modest cost. Tt is also
claimed to be the first photometer cap-
able of utilizing any commercially
available photomultiplier or photoclec-
tric tube.

Zero and dark-current adjustments as
well as decade and continuously variable

PH-200 Universal photometer

sensitivity controls are included.  Provi-
sion is also made for oscilloscope and
graphie recorder readout, thus broaden-
ing the possible uses of the instru-
ment.

The PH-200 is completely self-con-
tained and portable; it incorporates an
clectronic power supply and uses no
hatteries. 9

Push-Button pH Meter

An automatic push-button instrument
with drift-free amplifier, the Zeromatic
pH meter announced by Beckman In-
struments, Inc. can be adapted for po-
tentiometer recorder output, automatic
temperature  compensation, and Karl
Fischer titrations.

The new instrument is line-operated
and features automatic correction for
clectronic zero drift and push button



' BLENDERS
IN ONE!

P-K Yoke model blender is ideal for small
scale batch blending. Yoke arrangement fits
standard 4 or 8 quart blender frame...
permits two different blends at once. .. ac-
commodates two 1 pint or two 1 quart or
one 2 quart shell...or a combination of
quarts, pints. Shells of heavy transparent
Luc te or stainless steel can be removed in
a jiffy. Yoke models are available from stock.

Changeover to single 4 or 8-quart shells for
standard blending jobs is simple. Charging or
discharging is easy through large access
openings in the transparent Lucite or stain-
less steel shells. All p-k lab models utilize
a gearhead motor with a chain and sprocket
drive. Standard 4 and 8 quart lab model and

extra shells are stocked for immediate

shipment.

This is a p-k Twin Shell Intensifier model
designed to produce completely uniform lab
blends of materials difficult to mix. Shells
are water and dust-tight, and can be clini-
cally cleaned. Stainless, self-centering In-
tensifier bar (foreground) snaps into place,
spins at high speed to break up lumps. Inten-
sifier models are available from stock in 4
or 8 quart working capacities.

FREE

To get the full story
ask for our new catalog 14

The Patterson-Kelley Co. Inc.,
2330 Hanson Street, East Stroudsburg, Pa.

PATTERSON - KELLEY

Chemical and Process Division

Circle No. 81 A-1 on Readers’ Service Card, page 75A
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control. It has a 0 to 14 pH scale
range and two millivolt ranges—700-0-
700 and the extended 0 to 1400 millivolt
range.  According to the company, pH
readings are accurate to 0.1 pH unit
and reproducible to 0.02 pH.

The compact Zeromatic is left con-
nected to the 115-volt power source at
all times on Standby. and is ready to

operate at the touch of a button.  Tem-
perature  compensation and millivolt
range selection are also button con-

trolled. Connections for a standard po-
tentiometer recorder and for an auto-
matic temperature compensator are pro-
vided on the rear panel. 10

Three-Phase Counter-Current
Apparatus

Laboratory Glass & Instruments
Corp. announces the availability of its
apparatus for counter-current distribu-
tion using three-phase solvent system
combinations. The instrument
sentially based on the design of the indi-
vidual glass cell in which mixing and
decanting take place and on the resulting
interconnection of phase distributions.

Labglass counter-current extractor

It is furnished for either manual or robot
shaking; an automatic fraction collec-
tor is available as an SSOTY.

The company says the apparatus
functions as a complete laboratory, its
chief advantages being greater effi-
ciency of separation, more exact eri-
teria for purity, and higher resolution
than that obtainable with two phase sys-
tems. 11

Peristaltic Action Pump for
Gases or Liquids

A new pump, developed at the Na-
tional Institutes of Health, is being
manufactured by the American Instru-
ment Co. The Aminco peristaltic ac-
tion pump is said to pump liquid or gas

For further information, see
coupon on page 75 A

Highly accurate

MOISTURE

ANALYSIS

in a few minutes

DIETERT-DETROIT
MOISTURE TELLERS

Quickly determine
the amount of
moisture in any
material . . . solid
granular, liquid or
semi-liquid. Con-
trol raw material

costs. Control
quality and costs
in the processing

of foodstuffs, fi-
bres, tobacco,
chemicals, soaps,
and many other
materials. Easily
operated without
involved compu-
tations!

12 PAGE CATALOG
CATALOG NUMBER SL-1 sent OMJ

without obligation. Lists various
modelstosuit materialtobe tested
for moisture. Includes data on
Dietert-Detroit drying ovens,
speed desiccators, etc.

\ s&x ‘ :
HARRY W. DIETERT CO.

CONTROL EQUIPMENT

9330 ROSELAWN DETROIT 4, MICH.

Send me Moisture Testing Cataclog SL-1
NAME

COMPANY
ADDRESS _
CITY.

STATE
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through rubher or plustic tubing. and is
claimed to serve as an excellent micro-
meatering device.

The basiz of the pump consists of a
series of rollers placed at right angles to
a length of flexible tubing.  When the
tubing is filled with fluid and the rollers
set in motion, all rotating and moving
in the same direction, pumping results
and a flow of liquid occurs in the diree-
tion of the movement.

The company feels that the flow range
of the pump against high head pressures,

its small size, and freedom from contam-
ination make it adaptable for a great
many applications. 12

Heavy Duty Laboratory Agitator

Designed for mixing viscous mate
in small batches, a new beneh type agi-
tator is available from the Ilclipse
Air Brush Co. Known as the DL Pneu-
mix. the agitator is recommended for
handling adhesives, glues, unthinned
resins, and similar materials.

By Any Test

PURE LATEX’S Best

For Laboratory Tubing

Rubber Latex broducfs, Inc., Cuyahoga Falls, Ohio

For further information, circle number 82 A on Readers’ Service Card, page 75 A

82 A * ANALYTICAL CHEMISTRY

RLP Pure Latex Tubing
makes stronger, more
air-tight connections

Flexible and resilient RLP

Pure Latex Tubing returns
to its original shape even
after extreme rough usage

Tougher RLP Pure Latex
Tubing withstands more rough
treatment with less danger

of tearing or breaking

For More Jobe Done Better,
More Economically, Specify...

PURE LATEX TUBING

THE TUBING THAT CAN BE

STERILIZED AND USED AGAIN AND AGAIN
Available in 24 Standard Sizes

The DL Pneumix cannot overheat or
burn out, even if stalled, says the manu-
facturer. It utilizes an explosion-proof
/o hp. air motor with 8:1 gear redue-
tion; speed of rotation is controlled by a
hand throttle. 13

Compact Semimicro Set

The Arthur I". Smith Co. iz now offer-
ing its Quickfit semimicro organie prep-
aration sct.  The miniature laboratory
is mounted on a board, climinating
additional supports and clamps.

The set consists of over 60 components
comprising 14 basie assemblies.  The
company claims any number of varia-

tions are possible because the parts are
interchangeable.

Having a total weight of 14 pounds,
the entire set can be packed in a carry-
ing casc and easily transported. 14
| 3 For further information, see

coupon on page 75 A




Mix all fluids
at any speed
with this mixer

If you could have only one mixer in your
lab, you'd be very safe in choosing this
one.

You can mix or stir any fluids with it,
up to 4,000 centipoises viscosity.

You can mix at any speed from 100 to
1,600 RPM, with stepless speed control.

And you can run the mixer 24 hours a
day, seven days a week if you need to.

The friction drive in this LIGHTNIN Model
F never needs oiling. At low speeds, it
provides extra torque for mixing thick
liquids. Drive and motor are fully en-
closed, safe with inflammables. Your
choice of rugged bronze tank clamp or
ring-stand clamp for easy mounting; re-
movable 304 stainless steel or Monel
shaft and propeller. Supplied for 110-
volt or for 220-volt 50/60-cycle 1-phase.
Fully guaranteed.

Order from your laboratory supply
house; or write us direct. Specify LIGHT-
NIN Model FMixer...oeeeeeenann $72.00

(For 110-volt AC. For 220-volt service,

add $4.00.)

Many other precision-built
LIGHTNINs for laboratory
mixing. Electric or air driven
units; single or variable
speeds; explosion-proof mo-
tors; accessories. To get new
illustrated Bulletin B-112, just
check the reader service
card, or write direct.

“Lrghtnin Mixers..
MIXING EQUIPMENT Co., Inc.
160-c¢ Mt. Read Blvd., Rochester 11, N.Y.

In Canada: Greey Mixing Equipment, Ltd.,
100 Miranda Ave., Toronto 10, Ont.
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SERVALL

FOR

DEPENDABILITY

MEDIUM ANGLE CENTRIFUGES

5,000 rpm (3,500 x G)

Type M: Twenty-Seven 15 ml tubes.

Type SP: Six 75 ml tubes.

Type SP/X: Ten 50 ml tubes and Five
15 ml tubes.

Small Angle Centrifuges “A" and “XL"

also available.

DESIGNERS, MANUFACTURERS & DISTRIBUTORS OF *

Hvan Sorvall, Inc.

CONNECTICUT

NORWALK o

cold rooms, fume hoods, and
conditions.

Write For Bulletin AC-31M

SCIENTIFIC AND \

INDUSTRIAL RESEARCH

SUPERSPEED ANGLE CENTRIFUGE
15,500 rpm (31,000 x G) 400 ml
Internationally known as “'the work-horse of
the modern research laboratory.™

Sesled Rotor. Portsble
former for remote control.

— separate  trans-
Opersble in
under routine

Write For Bulletin AC-31S

" LARGE ANGLE CENTRIFUGES
., 3,500 rpm (2,500 x G)

Compact, space-saving instruments.
Maximum capacity: 2,000 ml. Rotors
accommodate 500 ml, 250 ml bottles;
150 ml tubes. Write For Bulletin AC-31G

SERVALL'* SPECIALIZED LABORATORY INSTRUMENTS
The unequalled excelience of ‘“‘Servall”

Specialized Laboratory Instruments results
from our original and continuing develop-

ment of design, and a thorough familiarity
with researchers’ requirements since 1930.

For further information, circle numbers 83 A-2, 83 A-3, 83 A-4 on Readers’ Service Card, page 75A

ADIABA

Parr adiabatic
oxygen Bomb calori-
meters are designed
for highest precision
in calorific measure-
ments, yet permit
rapid tests with min-
imum calculations.

No heat radiation
corrections requir-
ed. Has Parr self-
sealing oxygen com-
bustion bomb, either
single valve or
double valve style.

Ask your Parr dealer
for complete details
or write direct to
the factory for
Spec. 1200.

CALORIMETER |

TIC i

PARR INSTRUMENT COMP,ANYV

MOLINE,

For further information, circle number 83 A-5 on Readers’ Service card, page 75 A
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Sodium Analysis
Simplified

A new reagent for deteetion and defor-
mingtion of the sodium jon is offered by
the Monroe Chemical Co. Tt is said to
facilitate simple and reliable analysis,
qualitative and  quantitative, of the
sodium ion in the presence of other jonx
generally considered contaminants,

Designated Reeve's Sodium Reagent.,
it consists of a buffered aqueous-aleo-
holic solution of a-methoxyphenylacetic
acid. In the presence of the sodium jon.
the solution deposits an insoluble sodium
acid salt.

Qualitative analysis involves observa-
tion of the precipitate: quantitative de-
termination is hased upon the deposit of
sodium ax the acid salt followed by acid-
imetrie titration of the washed preeipi-
tate.

The company claims the foliowing
features for its zodiunm reagent as com-

pared  to o others availuble:  greater
selectivity; simple and less time-con-
suming procedures for qualitative and
quantitative analyses: comparable sen-
sitivity; and compaable cost, 15

New Organic Monomer

Experimental and pilot plant quanti-
ties of glyveidy] methaerylate (GMA) are
oftered by the DuPont Co. The mono-
mer is =aid to be @ convenient means of
mtroducing epoxide groups into vinyl
polymers or vinyl groups into condensa-
tion polymers,

A light-colored, almost odorless liguid,
GMA may be polymwrized or copoly-
merized through the double bond and
further reacted through the cpoxide,
savs DuPont. Or, the oxirane ving may
be first polymerized leaving the vinyl
eroup available for crosslinking.

Another property pointed out hy the
nanufacturer i= that GMA will poly-
merize thermally, with ultraviolet light,
or with the usual free radical or ionie

7651 JOINTS, $, Stainless Steel, interchangeable,
full length. These joints are machined from 18-8
type 304 frze machining stainless steel and are
supplied in accordance with CS21-39 of the Na-
tional Burezuy of Standards. 0.0. and !.D. dimen-

listed under 7565.

¥ Desig. $ Desig.
« 10/30 13/38
12/30 24/40

7659 JOINTS, Spherical, fabri-
cated from Brass. Specifications
same as for 7658 siainless steel
joints. Stocked in the foliowingY]
sizes: ¥

$ Desig. $ Desig.  $ Desig.
12/5 28/12 40/25 Y
18/7 28/15  50/30 )
18/9 35/20 65/40 \if
28/11 35/25 S|

N\

ALSO IN STOCK -
AT OUR .?

LOUISVILLE WAREHOUSE . 7659

VINELA
LOWISVILLE, K

sions approximately the same as the glass joints

\\\\

ACE GLASS INCORPORATED

$ Desig. 3 Desig.
29/42 40/50
34/45 45/50

27658 JOINTS, Ace Standard Spherical, fabri-
\Qcated from 18-8 type Stainless Steel No. 304
free machining. Can also be supplied from

other metals made to order. Shanks are ma-

%cmned for thread sizes listed but are not

threaded.

Thread Thread
§ Desig. Size 0.D. $ Desig. Size 0.D..
§ 12/3  Vs" 405"
§ 12/5  Va” 405" 35/25 17 1.315
§ 18/7  va” 540" 40/25 17 1.315
§ 18/9  va*  .540” 50/30 14" 1.660'
§ 28/11 V2 840" 65/40 2°  2.375
IN28/12 - 840 75/50 2v2" 2.875
v 840" 102/75 3 £
35/20 1~ 1.315° 130/100 ¢ %
FAvailable on request '
ND & NEW JERSEY

Y, 639-41 SOUTH HANCOCK ST.

Glacsware Specialicts to Industry and Reseanch

For further information, circle number 84 A on Readers' Service Card, page 75A ‘
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polymerization  eatalysts.  Thus,
polymers containing any desired amount
of functional groups may be made by
varying the proportion of GMA in the
monomer clarge.

DuPont feels GMA has promising
applications  in the following fields:
chemical, dyeing and fine chemieals.
lIeather, paint, plasties, and rubber. 16

o=

Chemical Detector Crayons

Arvomil Chemieal Co. is producing
sensitive erayons for the deteetion of
phosgene, hydrogen eyanide, eyanogen
hromide, and lewisite.  The crayons
write on paper, wood, or any other suit-
able surface, and the resulting mark will
reportedly turm a distinetive eolor when
exposed to very low concentrations of
the appropriate gas.

These new crnyons are designed to
provide a simple, inexpensive means for
determining contaminated areas, detect-
ing and focating leaks, and ave suid to be
good for hundreds of tests.

Arvomil claims they are highly sensi-
tive.  The phosgene detector erayon, for
example. is eapable of deteeting 1 p.p..
of the toxie gas in less than one minute.

The company warns that the erayons
will deteriorate slowly with time and
recommends  that  they be disearded
after six months, 17

Hydrocarbon, Nitrogen Standards

The American Petroleum  Institute
announces the addition of three hydro-
carbons and three organic nitrogen
compounds to its list of standard sam-
ples.  The newly available compounds
are:

5-Methyl-trans-2-hexene
Ethylidenceyelopentane
Ethylideneeyclohexane
Pyridine

Pyrrole

Pyrrolidine

Stundard samples come in 5-ml
quantitics, vacuum sealed in special
borosilicate glass ampoules with “break-
off”” tip. Purity of the hydrocarbons
has been evaluated from freezing point
measurements; purity of the nitrogen
compounds, from calorimetric as well as
freezing point measurements. 18

For further information, see
coupon on page 75 A



INDUSTRIAL APPLICATIONS
OF RADIOISOTOPES
WITH THE
TRI-CARB SPECTROMETER

Tracer Research involving industrial organic
compounds — oil and gasoline, solvents, phar-
maceuticals, plastics.

Ground Water Studies—large scale water
distribution problems, such as pollution and
waste disposal.

Large Scale Tagging of plant operation with
safety and economy of radioactive materials.

Tri-Carb Liquid Scintillation Counting
has opened many new possibilities for
industrial applications of radioisotopes
by making low level counting of soft
beta emitters a simple routine proce-
dure. Consider the following facts to
see how this method might be applied
to your own work.

Every single organic compound can
be uniquely identified with the radio-
active isotopes of hydrogen and carbon.
These isotopes . . . Tritium and Carbon-
14 . . . are readily available and simple
to use. They emit very soft beta radi-
ation which cannot penetrate even a
thin glass container. Other common
soft beta emitters that are now being
successfully used in industrial applica-
tions are Sulphur-35 and Calcium-45.

Although the Tri-Carb Liquid Scintil-
Jation Spectrometer is sensitive enough
1.0 be used for natural radiocarbon dat-
ing of preserved organic materials that
are over 40,000 years old, it is still
simple enough to be used for counting
hundreds of ordinary samples per day.
Obviously the possibilities for practical
industrial applications of radioactive
tracers are greatly enhanced now that
measuring equipment with this inher-
ent sensitivity is available for routine
use. Costs, safety, etc., cease to be
limiting factors, and even the labeling
of consumer products becomes a prac-
tical consideration.

For additional general information re-
quest Bulletin 314. For spe-
cific information on your |

requirements, provide appli- / g -
cation details. ] ‘.ﬂ

INSTRUMENT COMPANY
Department D
P. O. Box 428 e LA GRANGE,

Circle No. 85 A-1 on Readers’ Service Card, page 75A

ILLINOIS

Physical Properties of
Chemical Compounds

A systematic tabular presentation of accu-
rate data on the physical properties of 511
organic cyclic compounds compiled by R. IR,
Dreisbach of the Dow Chemical Co. These
comprehensive and basic data were deter-
mined (or specially prepared, high purity
compounds. In addition to the precisely
measured properties the author has cal-
culated values for many conslants
based upon his new experimental values.

TIeW

order from:
Special Publications Department
American Chemical Society
1155 Sixteenth Street. N. W.
Washington 6. D. C.

Number 15 in
Advances in

Chemistry Series

edited by the staff of
Industrial and
Engineering

Chemistry

523 pages plus index
cloth bound—

$5.85 per copy

NEW RADIOACTIVE CHEMICALS

_Specific Activity

Cat. No. Compound in mc per m/mole
L1-9 Barium Carbonate-C¢ 5.0-15.0
L3-23 t-Butyl Alcohol-C+ -
L4-30 Ethyl Acetate-2-C1¢ 1.0
L4-100 2,4-Dichlorophenoxyacetic

Acid-2-C1 -
L4-38 Malonic Acid-2-C 0.3
L4-31 Salicylic Acid Carboxyl-C -
L4-32  Oleic Acid-1-C+ 0.4
L4-33 Fumaric Acid-2-C+ - -
L4-34  Sodium Octanoate-1-C 1.0
L4-35 3-Indole Acetic Acid-4-C14 -
L4-36  Sodium n-Butyrate-1-C« 1.0
L4-37 Phenylacetic Acid Carboxyl-C1+ 1.0
L6-7 p-Propyltoluene, Ring Labeled 0.04
L84 n-Pentane-3-C¢ 0.5
L11-1 3-Amino-1,2,4-Triazole-5-C1 1

#$10.00 handling charge on this compound.

Min. Order Price
inmc per mc
0.5 $ 28.00¢

On Request
1.0 295.00
On Request
0.5 325.00
On Request
0.5 630.00
On Request
0.5 180.00
On Request
0.5 180.00
0.5 _ 180.00
0.5 : ~ 800.00
0.5 “ 600.00
0.5 275.00

For your free copy of
Tracerlab’s Chemical Catalog

2nd Edition.

write: Technical Publication Dept.

RADIOACTIVE CHEMICALS

Offices in principal cities throughout the world.

1601 Trapelo Rd., Waltham, Mass.
2030 Wright Ave., Richmond, Calif.

For further information, circle number 85 A-2 on Readers’ Service Card, page 75 A
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New Matheson Gas Plant
Opened in California...

2150 Central Ave.
Newark, Calif.
NEwark 3-2666

i

Faster e ;
Service i @

East Rutherford.
New Jersey

World's most complete line of gases, special custom mixtures,
)/ '
precision tested automatic pressure regulators, valves and

accessories.  Write for new 1957 Catalog.

The Matheson Company, Inc.

Compressed Gases and Regulators b East Rutherford, N. J.; Joliet, Ill.; Newark, Calif.
For further information, circle number 86 A-1 on Readers’ Service Card, page 75 A

LABORATORY
CONDUCTIVITY
BRIDGES

cells

—

F.0.B. Cedar Grove, New Jersey*

e Variable Sensitivity Control: Max. Y2 of 1%
Range: 0.2 to 2,500,000 ohms

Accuracy: within 1% of measured resistance
except at extremes of scale.

2 Bridge source frequencies: Line and 1000 cps.
Simple, fast operation for laboratory or

production use.

MICRO-DIP CELL: OPERATES
ON 2ML SAMPLE

Write for catalog

A new, improved version of the time-proved Type RC on (omplete

Conductivity Bridge. Designed for use by either techni-

cal personnel or production worker. Employs standard line of
components for easiest maintenance. Ideal for elec- conductivity
trolytic conductivity measurements of purest distilled °

water to highly conductive acids. Also widely used for instruments
electricai conductivity measurements and tests. and cells

*Price subject to change without notice.

Indusrtrial Instruments:

89 COMMERCE ROAD, CEDAR GROVE, N. J.

For further information, circle number 86 A-2 on Readers’ Service Card, page 75A
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Four-

Electrophoresis Apparatus.
page catalog provides information on ap-
paratus and accessory instruments for
paper electrophoresis, featuring a migra-
tion chamber, power supply, and power
distribution unit. Research Specialties
Co. (Cat. 254) 19

Synthetic Paraffin. Brochure relates
hackground and development of Para-
flint, new synthetic paraffin. The high
melting point hydrocarbon wax has prop-
erties which make it useful as a modi-
fier for petroleum waxes, as a chemical
raw material, or as an intermediate for
chemical processing. Moore & Munger.

Glass Products. [Eight-page catalog
describes apparatus for the wet labora-
tory, including fractionating-distillation
columns, still heads, product condenser-
receivers, and other accessories. Glass
Iingineering Laboratories. 21

Temperature Controls. Bulletin con-
tains data on operation and specifica-
tions, giving temperature ranges, tube
sizes, and accuracy of Model L-1S tem-
perature control. Burling Instrument
Co. (Bull. No. 106)

Plasticizers. Bulletin gives methods of
preparation and individual properties of
several different epoxy fatty acid ester
plasticizers. Becco Chemical Division,
Food Machinery and Chemical Corp.
(Bull. No. 80) 23

Laboratory Apparatus. New catalog
comprises 700 pages of text, and lists
over 20,000 items of chemical laboratory
apparatus. Griffin & George Ltd. (Cat.
568) 24

Thermometers and Hydrometers.
Twenty-four page booklet provides in-
formation on ASTM, general and spe-
cific purpose thermometers and hydrom-
eters for measurement of temperature
and specific gravity. Includes complete
specifications and prices. Central Scien-
tific Co. (Bull. No. 40) 25

Succinic Acid. Sixteen-page bulletin
contains description, physical proper-
ties, specifications, shipping, handling,
and storage data on suceinic acid and its
derivatives. Also includes list of refer-
ences. The Borden Co. (Bull. M-4a)

26

Magnetizers. Data sheet lists avail-
able magnetizers, demagnetizers, and
laboratory magnets, featuring new self-
contained unit. F. W. Shrader Co.
(Cat. Sheet M-11) 27

-



Low Temperature Apparatus.
Catalog of 16 pages describes equipment
for applications in low temperature
field. Hofman Laboratories, Inc. 28

Gloss Recorder. Company newsletter
features description and illustrations of
automatic 75° gloss recorder for
measurement of paper, fabrics, plastics,
metals, and other materials. Gardner
Laboratory, Inc. (Newsletter No. 19) 29

gloss

Laboratory Magnet. Data  sheet
covers new horizontally-rotating version
of electromagnet for the laboratory.
Instrument Division, Varian Associates.

30
Coumarin. Booklet containssolubility
tables for coumarin, synthetic aroma-
fixing and odor-masking agent. Organic
Chemicals Division, Monsanto Chem-

ical Co. 31
Refractometers. Ilight-page bulletin
illustrates and describes 8 new refrac-
tometers for use in laboratory, pilot
plant, and process control. Phoenix
Precision Instrument Co. (Bull. R
1000) 32

[ustrated booklet dis-
inedible fats with
Olin  Mathieson

33

Inedible Fats.
cusses bleaching of
chiorine  dioxide.

Chemical Corp.

Autotransformers. Twenty-four page
bulletin gives specifications, dimension
drawings, and photographs for all
models of complete line of adjustable
autotransformers.  General Radio Co.

(Buil. 0) 34

Ceramics. Catalog contains descrip-
tive and engineering data on full com-

pany line of ceramics, including com-
mercial white porcelain, Steatite, and
5606 Refractory. Star Porcelain Co.
(Cat. 57) 35

Chemical Developments. First issue
of quarterly publication, “Ideas in De-
velopment,” contains articles on oleyl
amines, alpha-sulfoalkyl acids, and
(‘tluu-lu-mi(“th Chemical Divis Ar-
mour and Co. (Vol. 1, No. 1) 36

Glass. New brochure explains manu-
facturing methods, applications, and the
history of glass. Includes charts, draw-
ings, and photographs. Corning Glass
Works. 37

Nuclear Equipment. Catalog provides
technical information to aid in selection
of nuclear instruments for thelaboratory.
Nucleoniz Corp. of America. (Cat. No.
103) 38
Glassware Washers. Data  shect
llustrates and describes portable washer
for cleaning different sizes and shapes of
bottles, test tubes, flas burets, and
other laboratory glassware. Arthur S.
LaPine & Co. 39
| 2 For further information, see

coupon on page 75 A

S,

32-999FV Flash-Vac c‘,rplztz wnh
18-8 stainless steel sleeve h 24

teper, Vacuum tube, “O’’ ring <cd|s
enclosed motor, support rod and clemp
Flask and ring stand optional

$96.50

* FLASH-EVAPORATOR

FE-2 for batch
operation only and FE-2C for both batch

Available in two models

and continuous operation, Flash-Evapora-
tor has an evaporator flask on the right
hand side which revolves in a hot water
bath and a condenser flask on the left which
is simultaneously cooled by a stream of
cold water or ice. The two rotating flasks
are connected to the revolving shaft by a
standard taper joint. For details write for

Bulletin FE.

* ROTOVAP

Suitable for batch or continuous operation, Rotovap is
completely automatic and provides safe, rapid and
efficient evaporation of either dilute or concentrared
solutions. Rotovap will distill 100 ml. of aqueous
solution at 55°C. in 10 to 15 minutes under the reduced
pressure of an ordinary water aspirator. Its speed
for non-aqueous solutions is correspondingly high.
Due ro the functional design of Rotovap, evaporator
flask can be easily heated with a wartcr bath or infra-
red lamp. The condenser flask can be cooled with a
special water spray provided with Rotovap. For
work with heat-sensitive compounds, condenser flask
may be cooled with ice. For detailed information, write

Jor folder RV

32-992 Rotovap complete as illustrated but without

funnel, ring and clamp, .$185.00
Selfl-lubricating Teflon Ball and Socket Assembly
where all glass system is not require
-999TB Teflon Connecting Spindle .. $9.75
52-929TC Teflon Connecting Elbow. .. ..$11.50

* FLASH-VAC

As with Rotovap, Flash-Vac utilizes the principle ot
spreading a thin film of solution over a large area by
rapidly rotating—60 R.P.M.—the evaporating flask
and subjecting the flask to vacuum. When heart is

desired on the evaporarion flask, an infra-red lamp may
be mounted on rear support rod or a water bath may
For detatls write for Bull:tin FV.,

used.

be

39-999FE-2 for batch eveporation complete

motor, rheostat, 500 watt hester, 2 liter evap-

orator and condenser flasks with 1/S 24/40 but

without thermo-regulator................ .$215.50
32-999FE-2C for continuous or batch opera-

tion complete with motor rheostat, 500 watt

heater, 2 liter eveporator and condenser flasks

with standard tapered joints, thermo-regulator

and complete glassware for batch operation. .. $330.00

Deliveries From Stock

Y E. MACHLETT & SON

TELEFHONES:
NEW YORK
LExington 2-1311
NEW JERSEY
Elizobeth 4-1330

For further information, circle numbers 87 A-1,

A COMPLETE SERVICE FOR THE LABORATORY
APPARATUS + INSTRUMENTS « CHEMICALS * GLASS BLOWING
220 EAST 23rd STREET -«

(€50

ESTABLISHED 1837

CABLE
EMSONGLAS

TELETYPE
N Y. 1-2444

NEW YORK 10, N. Y.

87 A-2, 87 A-3 on Readers’ Service Card, page 75A
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You can measure accurately

R SL00.000,1 amp = 10716 gy

with the

CURTISS -WRIGHT

Dynamic
Capacitor
Electrometer

Electronic Component &
Instrument Sales Department

FEATURES
A micro-microammeter and millivoltmeter in one
instrument * Measures currents from 10-16 to 10-7
amperes * 10, 100, and 1,000 myv ranges plus
recorder output E«lusne, diaphragm-type
dynamic capacitor provides longer life, greater
stability and reliability ¢ High stability, both
short and long term ¢ Extremely high input im-
pedance—1015 ohms e Better than 2% accuracy
+ $1,075.00 F.O.B. Carlstadt, N. J.

TYPICAL APPLICATIONS

Electronics:

Measurement of semi-conductor parameters, low-
level voltages, static charges, ﬂoatxng grid po-
tentials, grid currents, residual noise in summing
amplifiers, and insulation resistance

Physics and Chemistry:

Mass spectrometry, pH measurements

Nuclear:

Reactor control and radiation monitoring systems
Industrial:

Beta and gamma gauge control systems

Biophysics and Medicine:
Measurement of stomach acidity, skin and cell
potentials, nerve impulses, etc.

ELECTRONICS DIVISION

CURTISS: WIIIGHT

CORPORATION * CARLSTADT, N. J.

For further information, circle number 88 A-1 on Readers’ Service Card, page 75 A

ENTIRELY NEW TO RESEARCH

FIELDS. Made by National Appliance Co.

ANAEROBIC
INCUBATOR

® GROW AEROBES TO STRICT ANAEROBES
WITH ACCURATELY CONTROLLED GASES AND

VARIABLE PRESSURES

©® DIMENSIONS:

Outside 14" wide x 27" high x 16" deep
8" high x 12" deep

Inside 8" wide x

® 6 Atmosphere Control Valves ® Vacuum Gauge

Accurate to V2 of 1%,

SALES AND SERVICE THROUGH
YOUR LABORATORY SUPPLY DEALER

MODEL 3630

Werite for Free Catalogue

NATIONAL APPLIANCE COMPAN
Sowing

SoTorce /9/8...

MANUFACTURERS OF
OVENS » INCUBATORS = BATHS

AND OTHER APPLIANCES

PORTLAND
OREGON

INDUSTRY
RESEARCH
MEDICINE

For further information, circle number 88 A-2 on Readers’ Service Card, page 75 A
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MANUFACTURERS’ LITERATURE

Molybdenum Disulfide. Two-page
bulletin covers physical, thermody-
namic, electrical, magnetic, and chemical
properties, preparation and uses of mo-
Ivbdenum disulfide.  Climax Molyb-
denum Co. (Bull. Cdb-5) 40

Laboratory Equipment. Bulletin fea-
tures new chromatographic equipment
available, as well as complete line of sec-
tional laboratory furniture. Also in-
cludes other new laboratory apparatus,
such as flask heater, pH meter, ex-
tractor, and timer. Schaar and Co. 41

Integrating Counter. Bulletin pro-
vides details on remote integrating

counter for use with penumatic trans-
mission syvstems. Bristol Co. (Bull.
No. A128) 42

Chromatography, Electrophoresis
Apparatus.  Six-page booklet lists ap-
paratus necessary for one and two di-
mensional paper separations and de-
scribes an instrument for electrophoresis
measurements. Includes information on
dimensions and prices. Central Scien-
tific Co. (Bull. No. 80) 43

Polyester for Urethane Foams.
Technical service bulletin contains com-
prehensive analysis of Witco Fomrez 50,
new polvester for the production of
flexible urethane foams. Witco Chem-
ical Co. (Bull. No. E-10) 44

Combustion-Testing and Air-Meas-
urement Instruments. Two-page bul-
letin desceribes and illustrates gas pres-
sure manometers, oil flow graduates, air
velocity  meters, recording thermom-
eters,  pressure  point testers, and
others.  General Scientific Fquipment
Co. (Bull. No. 138" 45
Ceramic Ware. Bulletin lists available
items in company line of ceramic labora-
toryware, including combustion boats,
tubes. crucibles, incinerating dishes and
custom-made ware. Laboratory Equip-
ment Corp. 46

Plastic Laboratory Supplies. S1x-
teen-page catalog presents full line of
laboratory products made of polyethyl-
ene, polyvurethane, polyvinyl, and nylon.

Palo Laboratory Supplies, Ine. (Cat.
E956) 47
Electrophoresis Apparatus.  Four-

page brochure discusses specifications,
operation, and applications of continu-
ous-flow paper electrophoresis instru-
ment (Model CP). Spinco Division,
Beckman Instruments, Ine. (Form 4-CP)

48

For further information, see
coupon on page 75 A



MICRO-MICROAMMETERS

MODEL 411 for maximum stability

Meets or exceeds the zero stability
of the most costly equipment:
recommended for long-term control,
alarm, and monitoring work, as

in thickness gaging and reactor
control. No transients created by
switching from range to range.

* RANGES: two per decade, from 103
to 10"V ampere full scale.

* ZERO DRIFT: less than 2% per week,
with source voltages above 10 volts.

* TIME CONSTANT: less than 4 seconds
on the 107" range with 5000 mmf
across input.

MODEL 410 for maximum sensili: ity
The general purpose instrument for
measurement and control of
microcurrents. Typical uses: currents
in ion gages, ion chambers, photo-
cells, vacuum tube grids, back
currents of silicon transistors.

* RANGES: two per decade, from 10
to3x 103 ampere full scale.

* ZERO DRIFT: lessthan 2% per day, with
source voltages above 300 millivolts

* TIME CONSTANT: less than one sec-
ond on the 10! range with 5000 mmf
across input.

BOTHMODELS include a 250-volt
tap for polarizing ion chambers,
an output that drives 50-millivolt

and S-milliampere recorders,

input and output connections at both
front and back. Suited to both

bench and rack mounting, and
available with a contact meter in
place of standard meter.

DESCRIPTIVE LITERATURE
is now available. A request on
your company letterhead will bring
your copy promptly.

KEITHLEY
INSTRUMENTS, INC.
72415 Euclid Ave., Cleveland 6, Ohio

Circle No. 89 A-1 on Readers’ Service Card, page 75 A

« « . from the world-renowned laboratories
of England’s Johnson, Matthey & Co., Ltd.

HIGH PURITY

MATERIALS

for Chemical,
Spectrographic,
X-ray Research
and Analysis

® Spectrographically standardized metals, salts, alloy 5
standards 4

® Spectrographically certified highest available purity .
rare earth oxides, salts, metals

Purities as high as 99.99%

Metals include: Yttrium, Lanthanum, Cerium, Pra-
seodymium, Neodymium, Samarium, Gadolinium,
Ytterbium

Write today for full specifications and prices . . .

Exclusive in U.S.A. directly from:

Jarrell-Ash Company
52 Farwell St., Newtonville 60, Mass.
San Mateo, Calif. Tinley Park, IlL New York, N. Y.

Dallas, Texas Pittsburgh, Penna. Atlanta, Ga.
For further information, circle number 83 A-2 on Readers’ Service Card, page 75 A

The most complete selection L
of table model centrifuges anywhbére

ADAMS

Safety-Head —3 models
Safeguard Angle-Head —5 models
Safeguard Standard -5 models
Junior—3 models

All ADAMS Centrifuges are designed for rapid and efficient centrifugation.
All (except Junior AC model) are permanently lubricated and are ruggedly
built for long trouble-free life. The 52° angle of suspension on Safety-Head
and Safeguard models results in 35% greater efficiency than conventional,
horizontal, free-swinging centrifuges. These models are adaptable for micro
and semi-micro work by substituting proper shields and tubes.

Ask your local dealer to
demonstrate these ADAMS models.

%40’0/175 cha

For further information, circle number 89 A-3 on Readers’ Service Card, page 75 A
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HE LABORATORY suppLy center

Specify
LaMOTTE pH COMPARATORS

for any part of pH range 0.2 to 13.6

o Accurate
o Portable

o Ready for in-
stant use

e Made of
plastic

LaMotte Phosphate Comparator
Simplest of all procedures for determin-
ing:

Ortho, Meta, Pyro & Polyphosphates
Now you can use
wide coverage of phosphate
employing a new procedure
easier, quicker, and mor
those here-to-fore used.

unit for
studies,
which is
¢ accurate than

this single

Complete for all above Price

$28.09 f.0.b. laboratory.

LaMOTTE CHEMICAL PRODUCTS COMPANY
Dept. AC Chestertown, Md.

tests.

Analytical
Filter Aid

Leading laborato-
ries have found that
Celite Analytical Filter (§
Aid is invaluable for
filtering out gummy,
gelatinous, flocculent or semi-
colloidal precipitates—many of whic
are unfitterable by other methods. Chemi-
callyinert, it is made from the highest quality
diatomite which has been calcined at high
temperatures and acid-washed to remove all
organic and inorganic impurities.

For complete precipitate retention and
brilliantly clear filtrates at high flow rates,
use Celite Analytical Filter Aid. Full inf

mation on request. Johns-Manville, ’JT ‘

Box 11, New \orl\ 16, N. Y

U.S. Pat.

6'%3

FEATURING:

3600 Settings
Split-Second Accuracy
Automatic Switching
Built-in-Buzzer

ALL PURPOSE
LABORATORY
TIMER

Giant 8” Dial

Portable Mount Models
Panel Mount Models
Precision Construction

WRITE FOR COMPLETE CATALOG!

DIMCO-GRAY COMPANY

210 E. Sixth St.

Dayton, Ohio

Projects, Consultation, and Pro-
Al duction Control Services in
researce [ Biochemistry, Chemistry, Bacteri-
FOuNDATIONY ology, Toxicology —— Insecticide
Testing and Screening.
WRITE FOR PRICE SCHEDULE
WISCONSIN ALUMNI RESEARCH FOUNDATION
® MADISON 1, WISCONSIN

WISCONSIN

P.O. BOX 2217-C

CLARK
MICROANALYTICAL LABORATORY

CH, N, S, Halogen, Fluorine, Oxygen, Alkoxyl,
Alkimide, Acetyl, Terminal Methyl, etc., by
specialists in organic microchemical analysis.

Howard S. Clark, Director
Urbana, III.

%&%@W@W

KARLER-MISCO UNIT

P. O. Box 17
il

WRITE FOR DETAILS

IIH[}H[]BHEIIHCHL SPECIALTIES C0.

1824 UNIVERSITY

AVENUE

90 A ¢ ANALYTICAL CHEMISTRY

BERKELEY 3, CALIFORNIA

microchemical and
clinical testings

CENTRIFUGE "-;’

22,000 RPM 29,000 times gravity
Produces clear blood serum in less than 3 minutes
Centrifuges 8 tubes—up to 1 ml. each

Write for complete details

MICROCHEMICAL SPECIALTIES C

1834 U rsity Avenue * Berkeley 3, California

LAMBDA-PETTES

MICROPIPETTES
BY RSCo

All types of quality micropipettes, made
in our own glass shop, available at your
local dealers with RSCo or dealer label.

Send for Catalog 155-C

A\ S Ce
RESEARCH
S

SPECIALTIES CO.

2005 HOPKINS ST. BERKELEY 7, CALIF.

YOUR ANNOUNCEMENT of Eqmpment or
Chemicals for Sale and/or Wanted and
Professional Services can carry YOUR
MESSAGE to the readers of the leading
work-magazine for instrumentation, control
and analysis.
ANALYTICAL CHEMISTRY
Advertising Office:

430 Park Avenue New York 22, N. Y.

s i B

get the

SADTLER/ |,

make Spectrogram

Interpretations in
mldget edition

a matter of minutes!
Y o standard spetira
—

You'll get answers in minutes to difficult organic
problems by comparing yaur spectrogram with one
or more spectrograms of the SADTLER MIDGET
EDITION. Approx. 10,000 spectra printed three to
a page on 8% "’ x 11" sheets, indexed by ASTM on
IBM cards. Standard edition also available. Write,
wire or call.

| LOcust
14-0835

SADTLER research LABORATORIES
PHILA. 2, PA.

1517 VINE ST.
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VALUABLE GOOD WILL FOR YOUR COMPANY

92A

AN EFFECTIVE WAY TO DEVELOP

...and help to do a life-saving job at the same time

You can achieve lasting good will for vour
company—the kind of good will that results
in friendly relations with every group in
your community. And you can help to save
precious lives at the same time, by putting
your company’s efforts behind the nation-
wide campaign against traffic deaths.
During 1956, the national total of highway
deaths was over 40,000 — the highest figure
in our history. The cost to the country of

these wasted lives is incalculable.

But the picture wasn’t entirely black. In
many areas—in small towns and big cities—

the terrible upward trend was reversed.

This was accomplished by community

action—by business leaders, civic organiza-
tions, church, fraternal and PTA groups
joining together with law enforcement agen-
cies in an all-out attack on traffic deaths.
The figures prove it. Wherever people get
together to do something about traffic safety,

deaths go down.

BACK THE ATTACK ON TRAFFIC ACCIDENTS!

Your company can perform an invaluable
service for your community, and for the coun-
try as a whole, by pitching in and helping in
this life-saving crusade. For full information
on what you can do — and how you can
do it—uwrite The National Safety Council,
Chicago 11, 1llinois.

Published in cooperation with
The National Safety Council
The Advertising Council
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Supplying the
Nation’'s Laboratories
from Coast to Coast

HARSHAW SCIENTIFIC |

Spotlights pH Meters |

Including two NEW Beckman meters. The "Zeromatic” line operated "push button”
pH meter and the “Pocket” pH meter.

The Zeromatic provides Easier, Faster, Routine pH measurements; greater versa-
tility, accuracy, reproducibility. The pocket model which is only 6” x 3” x 2” and
utilizes a combination glass and reference electrode offers the maximum in
portability and convenience.

Space permits only a brief description. We welcome your requests for more
detailed information.

H-28915

H-29604—Beckman Pocket pH meter, battery H-28915—Beckman Zeromatic pH meter, _Iine‘\

operated 6" x 3" x 2! deep. Light weight operated. Simply push button and take pH or
with unique combination glass and reference millivolt reading. Drift free, no warm-up time, N
v electrode which permits holding meter in one line voltage comp ion, conti 0-14 pH
hand while taking readings, leaving the other scale. Outlets provided for recorder, polariz- \
4 hand free for recording . . . . . $95.00 ing current, etc. . . . . . . . . $275.00 N

H-29601—Beckman Model N-1 pH meter,
battery operated. Range 0-14 pH. Tempera-
ture compensator covers 0-100°C. Rapid
measurements to 0.1 pH and with careful
technique to 0.03 pH. . . . . $290.00

H-28901—Beckman Model GS pH meter,
battery operated. For special pH problems
and applications requiring extreme precision.
This ultra-sensitive instrument is accurate to
0.0025 pH. The meter is a modified model G,
which provides 20 times the sensitivity of

standard null-meter measuring circvits. Utilizes
H-28901 same electrodes as model G . . $595.00 H-29601

H-28900—Beckman Model G pH meter,
battery operated. Designed for highest pre- H-28900
cision and versatility in pH studies, oxidation-
reduction potential measurements and
titrations with accuracy and reproducibility
10:0.02pH. s o 0 oo v e .00

H-29602—Beckman Model N-2 pH.
meter. Acompact, battery operated
meter in carrying case designed
especially for portability. Ideal for
field use. Range 0-14 pH. Case has
compartment for electrodes, beak-
er and solutions . . . $335.

Service facilities and complete electrode stocks are maintained at all Harshaw
Scientific Branches

HARSHAW SCIENTIFIC

Division of the Harshaw Chemical Co. * Cleveland 6, Ohio

Sales Branches and Warehouses

Cleveland 6, Ohio, 1945 East 97th St. Houston 11, Texas, 6622 Supply Row
Cincinnati 13, Ohio, 6265 Wiche Road Los Angeles 22, Calif,, 3237 S. Garfield Ave.
Detroit 28, Mich., 9240 Hubbell Ave. Philadelphia 48, Pa., Jackson & Swanson Sts.
Sales Offices: Baton Rouge, La. » Buffalo 2, N.Y. ¢ Pittsburgh 22, Pa. « Oakland 11, Calif.

For further information, circle “3rd Cover’” on Readers’ Service Card, page 75 A



Now!

Elemental Fluorine Available in Bulk

...and in Easy-To-Use Liquid Form

GENERAL CHEMICAL Announces

TONNAGE SHIPMENTS
OF Liquid Fluorine!

Large scale transportation of ele-
mental fluorine is now possible
and practical. This most reactive
of all elements has been tamed and
harnessed by General Chemical for
industrial use . . . by anyone, any-
where . . . without requiring cap-
tive plant facilities.

As a result of General Chemical
research, fluorine can now be stored,
transported and handled directly
as a liquid in tank-truck tonnages.
Large quantities can be used with
far greater economy, simplicity and
safety than has ever been possible
with the normally gaseous form.

If your production or research pro-

Product Development Department

GENERAL CHEMICAL DIVISION
ALLIED CHEMICAL & DYE CORPORATION
40 Rector Street, New York 6, N. Y.

gram involves fluorine or fluorine-
supplying chemicals, look into
General’s liquid fluorine develop-
ment without delay. It makes pos-
sible new approaches to your
problems that were impossible be-
fore. As a first step, write today for
our comprehensive new technical
bulletin, “Fluorine.” It contains a
wealth of helpful data.

For further information, circle ‘‘4th Cover” on Readers' Service Card, page 75 A
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