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FREE
1£ you are an analytical chemist,
this handy, desk-size S&S Filtra
tion Chart belongs in your
laboratory.

Analytical laboratories have long
been familiar with standardized,
high-quality S&S Analytical
Filter Papers.
Now, here is complete data on
the relative retention values of
S&S Analytical Filter Papers, and
other brands, in convenient size
for ready reference. This data
makes it possible to tell at a
glance which grade of paper to
select for a given analysis.
Send for your valuable, free S&S
Filtration Chart. Act now! Use
the handy coupon below!

S&S 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 dialvsis and osmosis.
Mail coupon bdo,~ for your free
S&S Ultra Filter Catalog.

MAIL 'THIS COUPONI TODAY

TO ANALYTICAL CHEMISTS

I • ,CARL SCHLEICHER & SCHUELL CO. I
Depl. A.IZ,KEENE, NEW HAMPSHIRE

I Send me your FREE I
o S&S Filtration Chart

I 0 S&S Ultra Filter Catalog I
I Name.- i
I Company_______ I

Address _

I City State___ I.. -

---------



6 important
advantages of

'Baker Analyzed'
Reagents

1 ACTUAL LOT ANALYSIS
saves you time

2 HIGH CHEMICAL PURITY"
helps yau achieve
precision

3 NEARBY DISTRIBUTORS
insure quick availability

4 CONVENIENT PROTECTIVE,
PACKAGING insures
safe, easy handling

5 ECONOMICAL CASE
DISCOUNT PLAN
saves you money

6 BROAD REAGENT LINE
meets all your needs

Be sure of your results •••

... one of 6 advantages of
f •

Baker Analyzed REAGENTS

»» Baker's published standards of purity for reagent chemicals are
the most stringent in the industry. '

Beyond that, Baker men and methods are dedicated to developing in
reagent chemicals the highest degree of purity that it is practical to achieve.

Even in meeting standards, reagents can and do vary to some degree.
That is why chemists who want to be sure, and want to know "how pure?"
specify 'Baker Analyzed' Reagents, with the actual lot analysis on the label.

The Baker label is proof of purity-a quick check for the chemist
on his calculations-assurance of accurate results.

Take, for example, the 'Baker Analyzed' label shown here on the
bottle. In all six points of analysis, purity is greater than required to
meet the high-specifications shown in the Baker catalog. (see inset)

Actuaftot analyses may differ slightly, but purity invariably equals or
exceeds Baker specifications. The 'Baker Analyzed' label is always your
assurance of highest chemical purity, at no price premium.

Order the 'Baker Analyzed' Reagents you need from your laboratory
supply house. And for your copy of the widely-read quarterly,
CHEMIST-ANALYST, free to analytical chemists, write:

Dept. A-12, J. T. Baker Chemical Co., Executive Offices,
Phillipsburg, New Jersey.

~ Baker Chemicals
~ REAGENT fiNE· INDUSTRI,AL
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~~ BECKMAN RECORDING
SPECTROPHOTOMETER

• Operator can scan sample curve rapidly,
then record any area of interest in greater
detail.

• Records percent transmittance directly on
convenient 8!Q" x 11" chart paper.

• Plots a complete spectrum from 220 to
1000 millimicrons.

Here is the modern automatic spectrophotometer capable of handling the

bulk of chemical analyses in any laboratory. Employing the unexcelled

monochromator of the Beckman Model DU, this new recording spectro

photometer makes speedy, accurate analyses of one, cwo or three samples

- simultaneously. Each sample curve is permanently recorded in a dif·

ferent color on a single chart. The recording system makes \flny Beckman

"DU" quartz spectrophotometer an automatic instrument.

See your Beckman
dealer or write for
Data File 95-15. Beckman

BH KMAN INS TRUM ENTS, INC.
SOUTH ·PASADENA I. CALIFORNIA
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THIS_NEW

THE NEW

Cenco -Pinto
BLADE
ASSEMBLY
Designed for use with mate
rials likely to dull standard
blades such as copra. Made
of special spring steel with
three blades instead of the
conventional two, providing
six abrasion-resistant cutting
edges.

No. AD 17248 Cenca-Pinto
Blade Assembly, fits stand·
ard Waring Blendor con
tainers of 1000 ml capacity,
each $7.00

REFINERY SUPPLY COMPANY
6 2 I E A 5 T F 0 U R T H 5 T R E E T • T U L 5 A 3. 0 K L A HOM A

2215 McKINNEY AVENUE • HOUSTON 3.TEXAS

CENTRAL SCIENTIFIC COMPANY
1700 IRVING PARK ROAD • CHICAGO 13, ILLINOIS

CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO

SANTA CLARA LOS ANGElES TORONTO MONTREAL VANCOUVER OTTAWA

. . . 011. J.".ttJabi. source 0'
wppIy for .veryllti.11 )'0" ••eeI i.
.c;ettliRc Iltslrumentl ON labor..
%Iy ."ppli Oven20. 000 if....

~~ -

No. AD17227 Waring Blendor, Two-speed Model PB-5, with
"Pyrex" brand gloss container of 1000 ml capacity, bakelite
cover and stainless steel cutting blade assembly, for use on 115
volts, 25 to 60 cycles, AC or DC. . .... $44.50

Other models of Waring Blendors from $33.20 to $46.20. All
prices include Federal excise tax.

This new device is designed to prevent the vaporiza
tion and splashing of liquids in a Waring Blendor,
stabilizing the agitated liquid at its surface where
cooling is most effective. During agitation the liquid
is forced up and down outside the cooler bulb and
contact soon cools the entire contents of the container.
Temperature of the liquid will be maintained at 1 to
2°C. above the temperature of the circulating water.
This reduces or eliminates vaporization of the solvent.
It has been found excellent for rapid copra analysis.

The Cenco-Pinto Surface Cooler is made of copper,
attractively nickel plated and fitted with leads for at
taching rubber tubing. It is designed so the cooler bulb
conforms to the shape of the container, leaving just
enough clearance to prevent particles from becoming
entrapped. It will fit any standard Waring Blendor
container of about 1000 ml capacity; bulb displace
ment one-half immersed is approximately 100 ml.

No. AD17249 Cenco-Pinto Surface Cooler, without support
stand, each. . . . . . . . . . . . . . . . . . . . . . . . . . . . $19.00

Our latest Bulletin No. AD86 gives full details about
Waring Blendors and the Cenco-Pinto Surface Cooler as
well as various types of containers and accessories. Write
for your free copy today.

will double the

SURFACE COOLER

•

usefulness of your

\\faring Blendor
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LINDBERG
HIGH FREQUENCY COMBUSTION UNIT

In Harrison, New Jersey, this single station
Lindberg High Frequency Combustion Unit is
being used with a gravimetric train for carbon
analysis in the laboratories of Driver-Harris Com
pany, nationally known manufacturer of wire,
alloy fixtures and furnace strip parts sold under
their registered trade-mark "NICHROME."

There are many good reasons why Driver-Harris
and hundreds of other companies in all parts of
the United States and Canada are using Lindberg
High Frequency Combustion Units for the igni
tion of iron-steel samples in carbon and sulfur
determinations.

Here are some of them:
Lindberg "HF" combustion units are ready
for instant use .. preliminary warm-up only

once a day requires 57 seconds.

They take only a small fraction of the power
required by resistance element furnaces.

"Vycor" glass combustion tube permits easy
visibility of operation .. costs only one-half
as much .. lasts many times longer than the
old, conventional furnace tubes.

Only samples are heated .. no excess heat in
laboratory .. no elements to burn out.

For additional information call your nearest laboratory
equipment dealer listed in the yellow pages of your lo
cal telephone directory .. or write for bulletin # 1000.

Leading Laboratories Like
LINDBERG LABORATORY EQUIPMENT

LINDBERG LABORATORY EQUIPMENT
Laboratory Division, Lindberg Engineering Company, 2440 West Hubbard Street, Chicago 12, Illinois
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National Lead Company Reports:

FASTER, MORE ACCURATE DETERMINATIONS
with

NATIONAL PRE-FORMED SPECTROSCOPIC ELECTRODES
TRADE-MARK

Uniform in quality and machined to close tolerances, "National"
Pre-formed Electrodes come to yoU in a spectroscopiCallY pure, rigid,
air-tight container having adequate provision for maintaining purity

from first to last electrode used.

Antimonial lead, another National Lead product, is regularly tested
spectrographicallY by the spark method, using "National" counter

electrodes of standard purity grade.

Pre-formed Cups, smaller and deeper than those formerly made by
National Lead from high-purity electrode stock, also give what
they believe to be more sensitive readings on lead-oxide briquette

samples.

For example, National Lead Company, a major producer of battery
manufacturers' lead compounds and alloys, now uses "National"
PRE-FORMED cup and pedestal shapes in preference to machining
their own. As a result, they report savings in electrode material

as well as preparation time.

It m3Y p8Y yoU __ in time, material and accuracy -- to investigate
National Carbon Company's new PRE-FORMED spectroscopiC electrodes

for all types of analyses.

The tertn. H IVatio1ttll" is a r . t
of U"ioll Carbide a"d C e,;:s erCed trade-mark

NATIONAL ar 0" orporatio"
CARBON COMPA

A Division of Union Carbid d NY
30 East 42nd Streete:n Carbon Corporation

District Sales Office' A I ' e~ York 27. N. Y.s. t anta, ChIcago D 11
led New York, Pi,rsburgh San'Fr: ~s, Kansas City,

n at/-&! a: National Carbon Limit d ' neJseoe ,Montreal, Toronto W' .• lOnJpeg
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U.S. Patent
No. 2,282,078

Other Patents
Pending

ANALYTICAL CHEMISTRY

The new line of metal-housed, elec
tric heating mantles, shown here,
have been carefully designed for
safety in the same manner as those
originally pioneered by Glas-Col.
Likewise, these mantles are designed
in such a way that heat input is sup
plied where it is most needed and
only where it is needed. Available
in glass fabric or quartz fabric con
struction, the mantles, which are
recommended for maximum safety,
are those constructed of glass fabric.
These glass fabric mantles can be
operated up to a maximum fabric
temperature of 450C. Above this
temperature, conditions are unsafe
for the handling of inflammable
solvents.

Gias-Col has a broad line of
standard and special electric heating
mantles to solve your laboratory
heating problems.

Gias-Col Apparatus Co., Inc.
Dept. HC, 711 Hulman St.

Terre Haute, Indiana
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North American Philips Company, Inc.
Research & Control Instruments Division
750 South Fulton Avenue, Mount Vernon, N. Y.
Gentlemen:

Please place my name on mailing list to receive "Norelco
Reporter" bimonthly without obligation.

Name....

Title...

Company

Address ...

. State .

llA

Serving Science
and Industry

COMPANY, INC.
Dept.IE12 • 750 South Fulton Avenue, Mount V.rnon, N. Y.

In Canada: R<>gers Majestic Electronics Ltd.. 11-19 BrentclllTe ROld. Lelslde, Toronto 11, OntarIo
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wide range
For maximum sensitivity this
series of gauges offers ade
quate selection of working
range desired. See charts
below.

superior control
Needle valve control assures
precise setting 'of mercury
level, and specially designed
air filter prevents contamina
tion of system. (Valve and
absorption tube not shown in
illustration are on back of
panel.)

EXCLUSIVE

EXCLUSIVE
I

Features

-I COMPLETE
WITH STAND

SCALE RANGE --~<-~-~-~~~-

SQUARE LINEAR

sturdy, compactly
short, simple construction
Trap at top preventing overflow of mercury.
Extra heavy wall mercury reservoir.
3-way stopcock with tail outlet tilted, prevent
ing overflow of mercury in tube.
Constriction of main tube preventing strain or
breakage of flask by sudden return of mercury.
All glass parts interchangeable.

intrinsic accuracy
Uniformity of bore of capillary and the flattening
of upper end are made to precisely check the
zero point.
Scales are graduated in both the "square" and
"linear" system, the former permitting more sen
sitive observations. Readings can be made in
microns and equivalent mm. values.
Individual precise calibration of ratio of volumes,
permits uniformity of all scales for each range
to conform with glass parts, which are therefore
replaceable.

cLeod Gau
Have Four
Exclusive

EXCLUSIVE

EXCLUSIVE

GAUGE CATALOG
NO. NO.

G10701 .005 - 2001'* .005 - 0.20 MM $87.50 $49.50 $12.50

2 GI0702 .05 - 1000 I' .02 -1.0 MM 87.50 49.50 12.50

3 GI0703 0.1 - 4000 I' 0.1 - 4.0 MM 87.50 49.50 12.50

4 GI0704 .01 -15 MM 0.1 -15 MM 87.50 49.50 12.50

5** GI0704A .01 - 20 MM 0.1 - 20 MM 87.50 49.50 12.50

1
·p=MICRONS= 1000 MM. HG

•• Suitable for A.S.T.M. Proposed Test for Reduced
Pressure Distillation of Petroleum Products 9heEMIL

20-26 N. MOORE STREET
7NBBOJ.
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AN INNOVATION at the Chemical
Show held this month in Phila

delphia was a series of lectures
given by experts in the chemical
industries. David E. Pierce spoke
the first day on progress made in
engineering design during the past
few years. He mentioned that
while elaborate instrumentation for
process control and analysis has
been an outstanding development
during the past few years, we may
have reached a point where because
of the high cost of complete instru
mentation for central control, we
should be thinking in terms of more
manpower and less costly installa
tions. Because scientists and
engineers often become unduly
fascinated by their own costly
creations to the point of diminishing
returns, it is well to pause and give
some thought to this less glamorous
point of view and to all factors in
volved in cost and maintenance
of instrumentation programs.

Mentioning glamorous, there are
certain unglamorous fundamentals
in analytical chemistry which are
often overlooked in our age of instru
mentation and cause many of the
troubles experienced by the analyst
-especially if his work requires
collaboration with other analytical
laboratories. The commonest
source of enor, especially in com
mercial materials, is the taking of a
representative sample by the pro
duction department and likewise by
the analyst, himself, who assumes
the sample in the bottle to be homo
geneous. The second source of
error is the standardization and
development of an analytical pro
cedure with an impure sample \\'hich
unwittingly is assumed to be pure.
Unfortunately, the analyst learns
about these pitfalls, not in college,
but often in his first job, where his
mistake causes much consternation,
if not loss of time and money, to
his company.

OUR first paper this month is one
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E36-693 Stoinl... St••1 Orvin, Unit u
iIIuslr.ted but without lrep and Rasks ••• S130.00

E36.683A St.inl... St••1Trap .. , ......• 35.00

Speciallv O.si,n.d Fr••ze-Dryin, Fluk.

E36-6938 FI.sk, 25. mi .•.......... , •.. S 8.00
E36-693C Flask. 50' mi. . . . . . . . .• . .. . . . 8.60
E36-6930 Flask, 100 ml.............. 8.80
E36-693E Flask, 250 mi ••..... ,....... 12.50
E36-693F Fluk, 500 mi •...•..... , ...• 1-4,00
E36-693G Adapters lor Rasks.......... 2.50

For added simplicity, freeze.drying
flasks are designed with a wide mouth
to facilitate easy removal of dried mao
terials.

E36-695A Mochlett Fr••••·Drvin' Unit
onlv.·.·.·,·.······,········,·.·., .S-42.00

E36-6958 Fr•••••Orvin' Flasks 100, 200,
or250ml ,......... 3.00

E36-699F Support Stand and rin,s. . . . . . • .. 10,00

All prices F.O.B. New York, N. Y.

For further information write for Bulletin F.D.

E36-695 MKhiett AII-Gla.. Fr.ez.-Dryin, Unit with
support slend and rin,s, 10. Rosk., 100, 200 or 250 MI
copoclty . , •.. , , ......• , ......• S6-4.00

This economical self·contained unit is
ideally suited for average freeze·drying
operations... Standing only 21" high, it has
a built·in dry ice and solvent chamber and
three conveniently located ground, standard
taper drying ports around its lower pee
riphery. Standard size for joints is 34/45,
but special sizes can be ground to your specie
fications.

Machlett All-Glass Freeze-Drying Apparatus

A completely self-contained unit,
this new, VIRTIS, stainless steel ap
paratus does not require the conven
tional dry ice chamber or condenser,
etc. Its inner 2.8 liter cooliag chamber
holds enough dry ice and solvent for
unattended overnight operation. And,
furthermore, because of its large capac
ity, it lends itself readily to shell freez
ing (see illustration).

Expertly made of polished 18·8
stainless steel the apparatus is fitted
with 12 take-off taps capable of remov
ing a minimum of 100 ml of water.

on the analysi:'l of tobacco leaves.
In a field in which there is so little
carefully planned scientific study,
this paper strikes us as a good ex
ample of what can be done from a
purely technical point of view, and
it is hoped others may be spurred
to undertake similar studies in this
and related fields.

THE Society of Public Analysts and
Other Analytical Chemists has pro
vided abstracts of the literature on
analytical chemistry for readers of
The Analyst ever since the journal
was first published in 1876. For the
past four years these abstracts ,yere
prepared by the Bureau of Abstracts
and supplied to members of the
society and to subscribers to The
Analyst under the title British
Abstracts C. The Bureau of Ab
stracts wilI cease to exist at the end
of 19;53, and Briti~h Abstracts will
not appear in their present form
thereafter.

In these circumstances, the
council of the soc-iety has decided to
resume publication of abstracts of
analytical literat,ure. British Ab
stracts C wilI be replaced in the new
year by a new publication to be
called Analytical Abstracts. This
will be edited by :Norman Evers,
B.Sc., Ph.D., F.R.I.C., and pub
lished by W. Heffel' & Sons, Ltd.,
for the society, and it wilI cover the
whole range of analytical litera;ture
in the same way as did British Ab
stracts C.

Analytical Abstracts \vilI appear
each month bound separately from
The Analyst and in a format similar
to that of the abstracts included in
The Analyst prior to 1950. The two
journals, The Analyst and Analytical
A bstracts, will be available in 1954
to members of the society and to
subscribers on the same terms as
obtained for The Analyst and
British Abstracts C in 1953, They
will also be sold separately at
50s. ($7.00) per annum, including
the index, or at 60s. ($8.40) per
annum, printed on one side only,
~ithout the index,

Science Editor

? L .\\.\CHII [[ b SO~ .":,,,.'"
~ 220 EART 23rd STRl':ET I Nl':""'~ YORK. 10, N.Y.
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MAGNETIC
STIRRING APPARATUS

• Now offered either with enclosed rheo
stat or with separate rheostat for con

trol at a distance

2.75

2
5/16

2.55

1-5/8
5/16

2.20

7/8
1/4

• With stirring bars sealed
in either Pyrex brand
glass or Kel-F plastic

• Swivel joint clamp provides
convenience in mounting
assemblies

10% discount in lots of 12 or more, one size or assorted

Overall length, approx. inches
Diameter, approx. inches

Each ...•.•...•.........•••...•

9235-R.

MAGNETIZED STIRRING BARS

STIRRING BARS, MAGNETIZED, Kel-F Coated, Vacuum Tested,
A.H.T. Co. Speciflcation, for use with above Magnetic Stirrers. Con
sisting of Alnico Type V, cylindrical, permanent magnet sealed in
transparent, durable shell of Kel-F, a polymer of trifluorochloroethylene
resin, specifk gravity 2.1, which has negligible water vapor trans
mission. This non-inflammable thermoplastic is suitable for use at
temperatures from -200° to +200°C., and is unaffected by pro
longed exposure to weak and strong acids, including concentrated
sulfuric, hydrofluoric and hydrochloric acids, fuming nitric acid, aqua
regia and other powerful oxidizing agents, concentrated alkalies and
mineral oils. It is equally resistant to most organic solvents but is
swelled slightly by highly halogenated materials and some aromatics.
9235-U7. Stirring Bars, Magnetized Kel-F Coated, as above de
scribed.

1111111111111111111I1111111111I11I111111111111I1111111I1111111I111111I11I111111I111111I111111111111I11I1111I11I11111111I11I11I11I1

A. H. T. CO.

SPECIFICATION

9235-C. Stirring Apparatus, Magnetic, with enclosed rheostat, A.H.T. Co.
Speciflcation, as abave described. Rheostat, with graduated dial, is
mounted in stirrer housing. Complete with two ma gnetized Stirring Bars,
i.e. one Kel-F coated, 7/8-inch long x 1/4-inch diameter; the other Pyrex
brand glass coated, 1-3/4 inches long by 7/16-inch diameter; also 5 ft.
3-wire connecting cord and conventional 2-prong plug cap and directions
for use. Power consumption 7 watts; for 115 volts, 60 cycles, a.c. only.
Without glass vessel. . . . . . . • . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • 36.80

9235-G. Ditto, but without Stirring Bars. • • • . . . . . . . • . . . . . • . . . • 32.00

9235-R. Stirring Apparatus, Magnetic, Original Model, A.H.T. Co.
Speciflcation, similar to 9235-C but with separate rheostat for con-
trol of speed at a distance of approx. 30 inches. Complete with
two Stirring Bars • . • . . . . • . . . • . • • • • • . . . • • . . . . . . . . . . . . . • . • . 38.50

9235-S. Ditto, but without Stirring Bars. . . • . . . • • . . . . . . • • . . • . • 33.40
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MAGNETIC STIRRING APPARATUS, A.H.T. Co. Specifl
cation. A compact, quiet-running apparatus which utilizes a
rotating field of magnetic force to induce variable speed
stirring action within either closed or open vessels. Now
offered in two executions, Le. with either enclosed rheostat,
which will facilitate manipulation in some assemblies; or
with separate rheostat for control of speed at a distance of
approximately 30 inches from stirrer.

Stirring is accomplished by means of a small magnetized
bar, sealed either in heavy wall Pyrex brand glass or in Kel-F
plastic, which is placed in the liquid to be stirred and which
is rotated by magnetic force applied beneath the container.
This force consists of a permanent bar magnet attached to
the shaft of an electric motor and mounted in an aluminum
housing with Aat top 4- % inches diameter and 4- Y2 inches
high, on cast metal base. Can be used either on the table
or on a support rod, attached by means of a clamp with
swivel joints.

Suitable for any stirring operation which involves 1 ml to 1
liter of liquids with viscosities up to that of a 50% glycerol
solution. Particularly convenient for use in closed systems.
Any type of vessel of glass, porcelain or non-magnetic
metal can be used. A ring-type burner can be used when
stirring at elevated temperatures.

COMPANYH. THOMASARTHUR

g~~a;u/~
WEST WASHINGTON SQUARE PHILADELPHIA 5, PA.

Teletype Services: Western Union WUX and Bell System PH-72
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Advisory Board Appointments
THE idea of rotation in the make-up of the Advisory

Board of ANALYTICAL CHEMISTRY is a sound one,
yet it is always with keen regret that we part with those
who complete their terms. Those whose formal serv
ices on the board terminate in 1953 are P. J. Elving,
Wayne A. Kirklin, and Edward Wichers. They have
been a tower of strength to the editorial staff.

Two important board innovations will take place with
the start of the new year. The number of board mem
bers will be increased from twelve to fifteen. Each
member will serve three years instead of four. This
plan will make it possible to have more fields of speciali
zation represented on the board.

At this time, six new members instead of the custom
ary three are being appointed. At the first meeting
of the board, the new members will draw lots to deter
mine terms of service of one, two, and three years.

The editors are happy to report that the following
have accepted invitations to become board members:
Hugh F. Beeghly, Jones and Laughlin Steel Corp.;
George E. Boyd, Carbide and Carbon at Oak Ridge;
A.· Q. Butler, Mallinckrodt Chemical Works; Robert
Kunin, Rohm & Haas; Philip W. West, Louisiana
State University; and John H. Yoe, University of
Virginia.

Those who continue to serve are S. E. Q. Ashley, Gor
don MacKinney, and Grant T. Wernimont (1951-54);
N. H. Furman, David N. Hume, and Stewart S. Kurtz,
Jr. (1952-55); James J. Lingane, Wayne W. Hilty,
and Vernon A. Stenger (1953-56).

Glances Backward and Forward
FORTUNATELY, there is a period in the year when it is

customary to pause, if only for a few hours, in order
to reflect on the blessings we have received and to thank
our relatives, friends, neighbors, and associa'tes for the
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many services and acts of kindness they have pet
formed for us.

In that spirit, the editors take the opportunity to
thank the Advisory Board members, reviewers, authors,
and readers. We want to also thank those who are re
sponsible for the mechanical side of the journal. There
are many detailed steps that must be taken after a man
uscript has been accepted before a publication reaches
the subscriber. The printer is the unsung hero, given
attention only when errors occur.

The past 12 months indeed have been fruitful ones
for the field of analytical chemistry. Scientifically,
many new and significant advances have been reported.
Meetings of analysts in various parts of the country
have attracted record numbers. The Division of Ana
lytical Chemistry of the AMERICAN CHEMICAL SOCIETY
continues to grow and prosper. Last, but certainly not
least, the prestige of the analyst continues to increase
in a very satisfactory manner.

The year 1953 has witnessed a number of compara
tively new trends expanding at a lively rate. This is
specially true of plant "automation." The coming year
will see many new developments in this general direc
tion. Here is a golden opportunity for the analyst to
increase still further his responsibilities and to demon
strate how essential his services are to industry.

One or two other trends warrant comment at this
time. We are impressed by the continuing interest in
analytical chemistry and its fields of specialization at
the local section level and the increase in the number
of sections with analytical chemistry subdivisions. We
are also pleased to note the increase in the number and
quality of analytical papers appearing on regional
meeting programs such as the Southwest-Southeast
Regional Meeting in New Orleans this month.

ANALYTICAL CHEMISTRY in 1953 is publishing 2090
editorial pages, as compared with 2158 in 1952. The
Board of Directors has authorized a slight increase in
the number of pages for 1954 which, it is hoped, will per
mit the editors to maintain the journal on a reasonably
prompt publication basis.



Analytical Studies on Harvested Tobacco Leaves
W. G. FRANKENBURG, A. M. GOTTSCHO, SUZANNE KISSINGER, DORIS BENDER, AND MARGARET EHRLICH

Research Laboratory, General Cigar Co., Inc., Lancaster, Pa.

Because existing procedures for the analytical deterIllination of the nitrogen
containing cOIllpounds in tobacco do not cover all its nitrogenous constituents,
and because of the possible biocheIllical and industrial significance of these
undeterIllined cOIllpounds, a scheIlle of analysis was devised to permit not only
determination of the known constituents, but also classification of the unknown
nitrogen compounds in tobacco leaves. This comprehensive scheme involves
the stepwise removal of definite nitrogenous fractions from a water extract of a
tobacco sample and the deterIllination of the nitrogenous coIllpounds in these
fractions. The method is of value for the exploration of the nitrogen compounds
contained in different types of tobaccoatvarious stagesoftheir industrial process
ing and gives a cOIllplete acconnting of the changes in nitrogenous cOIllpounds
that occnr during these stages. The method Illay lend itself equally well for
nitrogen determination in other plant Illaterial.

±1.23±0.37

Deviation from TN, %
Of son:
(30) (3b)
0.0 0.0
0.0 -1.6

+0.8 -0.5
0.0 -0.9

-1.1 -1.5
-0.2 -1.5
+0.6 +2.3

0.0 -1.1
0.0 -0.8

-0.3 -2.5
-1.1 +1.7
+0.7 -1.4

0.0 -1.0
-0.5

(2c)
37.4
37.4
37.6
34.7
44.7
45.3
35.4
55.3
51.5
35.3
48.2
41.3
39.4
40.3

(2b)
37.4
38.0
38.1
35.0
44.9
45.9
34.8
55.9
51.9
36.1
46.9
42.2
39.8

(20)
37.4
38.0
37.8
35.0
45.4
46.0
34.6
55.9
51.9
36.2
47.4
41.9
39.8
40.5

Table I. Total Nitrogen of Cigar Tobacco Samples
(Comparison of three independent determinations)

Total Nitrogen Content, Mg./G.
Dry Tobacco Weight

Average
deviation

FLOWSHEI':T OF STEPWISE PROCEDURE

The flowsheet shown in Figure 1 illustrates the main steps of
the analytical scheme. An aqueous extract, B, of the tobacco
sample, A, is carried through a series of analytical operations to
the final stage, P, by means of successive withdrawals of various
fractions, each of which contains another class of nitrogenous leaf
components.

a TN. Values obtained by dil'ect kjeldahlization of total sample.
S. Sums of water-soluble and water-insoluble nitrogen, each found

by Kjeldahl.
2;. Sum of nitrogen of all separate components determined by step

wise analytical scheme.
b Fermented and unfermented Pennsylvania seedleaf tobacco, 1941 crop.
e Green. freshly harvested Pennsylvania seedleaf tobacco, 1950 crop.

Leaves, before grinding, were scalded with boiling water for 30 seconds to
deactivate enzymes. The midrib was removed and leaves were dried in a
Freas-type forced draft oven at 100° C.

d Green Connecticut shade wrapper tobaccos 1950 and 1951 crops (treat"d
in same manner as green Pennsylvania tobacco).

e Thoroughly fermented, dark fired tobacco used in manufacture of snuff,
kindly supplied by W. B. Bennett, United States Tobacco Co.

nitrogen (TN) values were obtained by direct Kjeldahl digestions
of the original samples. The sums of the total water-insoluble
nitrogen and the total water-soluble nitrogen were determined
by kjeldahlization. The 2: values were obtained by summing up
the nitrogen of all the separate nitrogenous components deter
mined by the stepwise analytical scheme described in this paper.
Considering that in this scheme such divergent analytical pro
cedures are employed as titrations, measurements of ultraviolet
absorption spectra, Nessler determinations, and Kjeldahl diges
tions, the agreement among TN, S, and 2: appears satisfactory.

In this publication, the second, more general, procedure is
described. It starts with a water extraction of a given t<>bacco
sample and continues with the successive separation and deter
mination of all the nitrogenous components contained in this
sample.

FR4.CTIONATION OF WATER-SOLUBLE
NITROGENOUS LEAF COMPONENTS

BALANCE OF TOTAL NITROGEN

The dependability and completeness of the stepwise analytical
procedure can be tested by summing up all the individual incre
ments of nitrogen found in the fractions of a given leaf sample,
and by oomparing this sum with the value found for the total
nitrogen of the same sample as obtained by its direct kjeldahliza
tion. Provided that, none of the nitrogenous leaf constituents has
escaped the analysis and that the determinations of the individual
components were sufficiently accurate, both nitrogen values
should check within the limits of the over-all analytical error.

In Table I are listed the analytical values for the total nitrogen
content of various samples of powdered tobacco leaves, deter
mined for each sample by three different procedures. The total

AMONG the chemical changes that occur during the industrial
ft processing of cigar tobacco leaves, the conversion of the
nitrogenous leaf components plays a significant role, both qualita
tively and quantitatively (23, 24). In previous communications
from this laboratory (26-28, 30) attention was drawn to some
formerly unknown chemical changes of this kind, such as the
transformation of nicotine into various other pyridine derivatives,
and the change of some water-soluble nitrogenous leaf con
stituents into water-insoluble products (25). These specific reac
tions were investigated as a part of a more general study of the
entire nitrogen catabolism in harvested tobacco leaves.

In the course of this work, it appeared essential to develop
a comprehensive analytical procedure for determining the various
nitrogenous components in tobacco leaves at various stages of
their processing. Mter extensive investigation of different pos
sible analytical methods, two independent procedures have been
developed that give satisfactory information on the amounts of
the different nitrogenous substances in tobacco leaves.

The first of these procedures is described elsewhere (26, 30);
it serves specifically for the isolation and separation of large
quantities of alkaloids and alkaloid transformation products and
is based on a stepwise extraction of the tobacco leaves with
organic solvents.
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with small amounts of nitrogenous substances. This "Devarda
mud" is filtered off and kjeldahlized. The filtrate, P, represents
the final fraction of the scheme. It contains the nitrogen of amino
acids and of all thQse soluble nitrogen compounds that have not
been determined up to this point. The nitrogen content of this
final fraction is determined by Kjeldah!.

An aliquot is taken from fraction P for the determination of the
",-amino nitrogen of amino acids according to the method de
scribed by Van Slyke in 1929 (66). Another aliquot of P serves
for the determination of nicotinic acid.

GLASS HELICES

GLASS WOOL PLUG

E
E

: ~
8
"

21 mm
1.0.

60 mm

21 mm
I.D.

E
E

~

STEAM --====~

These are the main steps:

From the dried and weighed sample of tobacco powder A, the
water-soluble compounds are extracted with boiling 0.05N sul
furic acid. The nitrogen contained in the water-insoluble frac
tion, C, is determined. Work is in progress on the analytical
differentiation of the water-insoluble nitrogenous compounds in
fraction C.

The water extract, B, is analyzed as follows: Concentration at
pH 3 to 3.5 leads to the formation of small amounts of a brownish
amorphous "acid precipitate," E, whose nitrogen content is
determined separately. The filtrate or "concentrated water ex
tract," D, is brought to a pH of about 6.5, magnesium oxide is
added, and a steam distillation is carried out to remove nicotine
and ammonia that are determined in distillate G. The distilla
tion residue, F, is filtered and the nitrogen content of the solid
filtration residue, I (magnesium oxide-nitrogen), is determined
by KjeldahI. The filtered distillation residue, E, contains, be
sides other nitrogen compounds to be determined later, the less
volatile alkaloids, certain alkaloid transformation products, and
other nitrogenous substances that have the common property of
yielding precipitates with silicotungstic acid (STA). Enough
silicotungstic acid is added to precipitate these substances, and
precipitate K is analyzed for its total nitrogen, for the less volatile
alkaloids, and for alkaloid transformation products. The filtrate,
J, of the "silicotungstic acid precipitate" is subjected to a steam
distillation in the presence of a 5% sodium hydroxide solution,
and the distillate, N, is analyzed for ammonia. The distillation
residue, L, is neutralized, magnesium oxide and Devarda alloy
(13) are added, and the mixture is subjected to another steam
distillation.

By this procedure, the nitrates cORtained in L are reduced to
ammonia and determined in the distillate, O. The distillation
residue, N, contains a muddy solid phase, Q, consisting of
magnesium oxide and particles of reacted Devarda alloy, together

A L-__--,. -J

NEUTRALIZATION. STEAM
DISTILLATION WITH MgO

L-_~="'___ __' C

L- __' E

00 ml BULB

Figure 2. Special Claisen-Type Distillation Bulb

In this procedure the total ammonia found in distillates G and
1\1 represents the sum of the free ammonia present in the tissue as
ammonium ion and of the "artifact" ammonia derived from (1)
the amide nitrogen of glutamine, (2) the amide nitrogen of aspara
gine, and (3) unknown sources.

Figure 1. Flow Sheet of StepwiselAnalytical ScheDle

MATERIALS AND REAGENTS

Water is freed of analytically detectable traces of ammonia and
other nitrogen compounds by redistillation in the presence of 0.5
gram of sulfuric acid and 1 gram of potassium permanganate per
liter.

Devarda alloy, 20-mesh and finer.
Ethyl alcohol. 95%.
Ether, analytical reagent.
Hydrochloric acid (1 + 4). One part of hydrochloric acid,

C.P., is diluted with 4 parts by volume of redistilled water.
Indicator, 125 mg. of methyl red and 82.5 mg. of methylene

blue dissolved in 100 m!. of 95% ethyl alcohol (64). The solution
is filtered if necessary.

Magnesium oxide, U.S.P., light.
Silicotungstic acid solution, 12%, 120 grams of silicotungstic

acid (SiOd2WOa.26H.O, ACS) dissolved in 1 liter of redistilled
water.

Sodium carbonate, anhydrous, analytical reagent.
Sodium hydroxide, pellets, analytical reagent, ACS.

APPARATUS

All steam distillations are carried out in the conventional setup
for steam distillation, except that the samples are distilled from a
specially adapted Claisen flask fitted with a column densely
packed with glass helices (helix diameter 5 mm., made of glass
rod 1 mm. in diameter). The details of construction of this flask
are shown in Figure 2. Spectrophotometric measurements are
madfJ with a Beckman DU spectrophotometer after calibration
of the instrument and correction of the cells. A Beckman Model
B pH meter is used for all pH measurements.

"DEVARDA - MUD"

"MgO- SOLIDS"

Mg 0 DISTILLATE

STA PRECIPITATES

Ka,Kb,Kc

L..- ---' G

5% ALKALINE
L-_~DI~S..:.T~IL:.=L~A..:.T:::.E_---,M

L- -'QDEVARDA DISTILLATION
RESIDUE FILTRATE

PRECIPITATION WITH
STA AT pH2

I STA FIL~RATES

DISTILLATION RESIDUE

FILTRATION

J ----.-----'
NEUTRALIZATION, STEAM

DISTILLATION WITH
S'K, ALKALI

5% ALKALINE
LL...:D:::.;IS:::..T:.,:.IL::;L::,:A::.;T..:.I0=rN.:....:..R",E""S",ID",U.::.E--J

NEUTRALIZATION. STEAM
DISTILLATION WITH MgO

AND DEVARDA ALLOY

P L-. -'

DISTILLATION RESIDUE
H L-__..:.F~IL""T,.R~A~T-=E,--_---,

N L-.__--,. -J

FILTRATION

t::=~---;:==:::l----,
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DISSOLVED IN 5% NoOH

L.-_-.,.-_~ Kb2
DISTILLED WITH
570 ALKALI AND

DEVARDA ALLOY

Kb3

EXTRACTED WITH
ETHYL ETHER

Kbl

EXTRACTED WITH
O.25N Hel

Figure 3. Detailed Analysis of Silicotungstic Acid
Precipitate Kh

and immediately reduced with iron in preparation for kjeldahliza
tion according to the procedure described later.

Water Extract B. The extracts may range in color from green
ish yellow (green tobacco samples-) to dark brown (fermented
samples). The individual extracts and washings of the aliquots
of the 11-gram sample are combined and made up to a volume of
1000 m!. From the combined extract, B, an aliquot is taken corre
sponding to 0.5 gram of tobacco powder for determining the total
soluble nitrogen by the modified Kjeldahl proced~re descri~ed
later. Two more aliquots, B I and B 2, of the same size are Wlth
drawn for the determination of glutamine amide nitrogen and of
asparagine amide nitrogen by the method of Pucher, Vickery,
et ai. (54, 71).

The remainder of the water extract (at a pH of ca. 4 to 4.5),
now corresponding to ca. 9.5 grams of tobacco powder, is brought
to a pH between 3 and 3.5 with hydrochloric acid (1 + 4) and is
concentrated to a volume between 180 and 200 m!. (18 to 20 m!.
per gram of sample). The acid precipitate, E, is filtered off
after the concentrated extract has stood overnight at 50 C.,
washed with a small quantity of water (10 to 20 m!.), and then
kjeldahlized. The combined filtrate with the added washings is
the concentrated water extract, fraction D.

Steam Distillation of D. After the pH of fraction D has been
adjusted with sodium hydroxide to a value between 6 and 7, the
solution (ca. 225 m!.) is placed in the distillation bulb (shown in
Figure 2); magnesium oxide is added (250 mg. per gram of to
bacco powder being distilled), and the apparatus is quickly
assembled. The receiver is charged with a measured excess of
0.05N sulfuric acid. The distillation is started without the use
of steam, and the sample is concentrated to 150 m!., at which
time steam is introduced. The rate of distillation is adjusted by
controlling the steam supply and the heating of the electrically
heated distillation bulb so that approximately 400 m!. of distillate
are collected per hour, keeping the volume in the flask at 150 m!.
When ca. 600 m!. of distillate have been collected, the bottom heat
on the distillation bulb is increased so as to concentrate the sam
ple to approximately 75 m!. The distillation is then carried to
completion-i.e., until a few drops of the distillate, on addition
of 2 drops of hydrochloric acid (1 + 4) and 1 drop of silicotungstic
acid (12%) show no signs of turbidity. The distillation residue,
F, is cooled; the solids; I, are filtered off, washed, and kjeldahl
ized.

The Magnesium Oxide Distillate, G, is mixed thoroughly.
Aliquots are withdrawn for determining ammonia and nicotine.
The former is determined by the modified Nessler method
described below; the latter, by ultraviolet spectrophotometry
according to Willits et ai. (79). The remainder of the distillate is
titrated with 0.05N sodium hydroxide after addition of a few
drops of indicator solution. Titration of a blank containing the
same amount of 0.05N acid as that used for the distillate provides
a standard with which the color shade of the distillate is compared
at the end point of its titration. The difference between the
amounts of 0.05N sodium hydroxide required for the neutraliza
tion of the blank and for the titration of the distillate is expressed

DETAfum PROCEDURE

Preparation of Sample. The selection of the tobacco samples
and the sampling procedure are described elsewhere.

In analyses of the leaf blades, the mid-ribs of the leaves are
removed while the leaves are still pliable. After this "stripping"
operation, the leaves are embrittled by first drying them at room
temperature for 10 to 15 hours, followed by a second drying for
0.5 hour at 68 ° C. in a forced draft oven. They are then ground
in an attrition mill to a powder (passing a 2-mm. mesh), which is
thoroughly mixed and stored in screw-capped glass containers in
u refrigerator at ca. 5° C. For analysis small portions are with
drawn as required from these larger samples.

The tobacco powder is dried prior to analysis. This final dry
ing must be done in such a manner as to assure reproducible
drying conditions regardless of the size of the sample being
analyzed. Aluminum dishes 50 mm. in diameter and 23 mm.
high are used for samples up to 1.5 grams. Samples up to 4.5
grams in size are dried in aluminum dishes 90 mm. in diameter
and 20 mm. high. Samples of still larger size are dried in por
tions.

For a complete analysis, a sample of ca. 11 grams of tobacco
powder is dried in four separate portions as described above for
0.5 hour at 68° C. in the forced draft oven. A sample of this size
permits the withdrawal of several adequate aliquots for side
determinations during the course of the stepwise analysis. At the
same time. two samples of ca. 800 mg. each are dried and weighed
for the determination of total nitrogen in duplicate, and a third
500-mg. sample is used for the determination of ammonia by the
method of Pucher, Vickery, et ai. (54, 71) (subfraction AI,
Figure 1).

Extraction and Filtration. Each of the four portions (two of
about 1 gram each and two of about 4.5 grams each) of the dried
11-gram sample is weighed and carefully transferred into an
Erlenmeyer flask. To each flask 0.05N sulfuric acid, 35 m!. for
each gram of tobacco powder in the flask, is added and the mix
ture is refluxed over a low flame for 1 hour. From time to.time
the flasks are shaken to wash any particles adhering to the walls
of the flask into the liquid.

At the end of the extraction, the flasks are cooled and the ex
tracts filtered. Each of the four portions is filtered separately on
a Buchner funnel fitted to a I-liter suction flask because the four
aliquots of the water-insoluble fraction, C, remaining on the
fi Iters are used for different determinations. The extracts and
washings are combined. Each portion of the insoluble solids is
washed with a minimum of 50 m!. of 0.005N sulfuric acid per
gram of original tobacco sample. In these filtrations, the extracts
tend to foam and spatter on entering the suction flask. Losses
due to this effect are eliminated by lengthening the usually short
stem of the Buchner funnel.

Water-Insoluble Solids, C. This fraction serves for the deter"
mination of the weight of water-insoluble solids from which the
weight of water-soluble solids is calculated, and the determina
tion by Kjeldahl of the insoluble, or, as it is usually called, the
"protein" nitrogen. For the first determination, the filtration
residue is weighed after it has been air-dried for 24 to 48 hours at
room temperature, and then for 0.5 hour at 68° C. in a forced
draft oven. To determine the insoluble nitrogen in duplicate
samples, each of the wet residues of the I-gram aliquots is trans
ferred to a 500-m!. Kjeldahl flask, covered with 4N sulfuric acid,

Sodium hydroxide, 0.5N solution. Two hundred grams of
sodium hydroxide pellets are dissolved in 9 liters of redistilled
water. The exact titer of this base is determined by titration
against standardized 0.5N sulfuric acid.

Sodium hydroxide, 0.05N solution. One liter of 0.5N sodium
hydroxide is diluted to 10 liters, using redistilled water. The titer
{)f this diluted base is determined by titration against standardized
.().05N sulfuric acid.

Sulfuric acid, 0.1000N solution, standardized acid purchased
from General Chemical Co.

Sulfuric acid, 0.5.IV solution, 122 m!. of concentrated sulfuric
acid, analytical reagent (low in nitrogen) diluted to 9 liters with
redistilled water. This acid is standardized oy titration with
a standard sodium carbonate solution. The exact normality of
the latter is calculated from the weight used and is checked with
the purchased 0.1000N sulfuric acid. The titer of the 0.5N acid
is then determined by titrating this acid with the standard sodium
carbonate solution.

Sulfuric acid, 0.05N solution. One liter of 0.5N sulfuric acid
is diluted to 10 liters with redistilled water. The titer of this
solution is determined by titrating it with the standard sodium
solution diluted tenfold.

Sulfuric acid, 0.005N solution. Sulfuric acid, 0.05N, diluted
tenfold with redistilled water. No standardization is necessary.
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in milligrams of "total titratable" nitrogen. The latter repre
sents the sum of the ammonia nitrogen and of one half of the
nicotine nitrogen contained in the distillate.

TheFiltrate of the Distillation Residue, H, light brown in color,
is brought to a pH of 2 with hydrochloric acid (1 + 4), made to
a volume of 250 mI., and then divided into three parts, two of 75
ml. each (a and b) and one of 100 ml. (e), corresponding to two
aliquots of ca. 2.8 grams and one of ca. 3.8 grams of tobacco.
To each of these three aliquots is added 1 mi. of silicotungstic
acid solution (12%) per gram of tobacco powder. The samples
are then placed in a refrigerator at 5° C. for at least 24 hours,
after which time they are filtered, the two smaller precipitates
(designated as Ka and Kb) on filter paper, the larger one (desig
nated as Kc) on a weighed fritted-glass filter crucible. The three
filtrates are returned to the refrigerator for an additional 24
hours, after which time any additional precipitates are filtered
off. Each of the three precipitates is washed with 35 mi. of ice
cold dilute hydrochloric acid (1 ml. of concentrated acid made to
1 liter) and each washing is combined with its respective filtrate.

Silicotungstic Acid Precipitates, Ka, Kb, and Kc. Ka is
kjeldahlized, yielding the total nitrogen contained in the silica
tungstic acid precipitate.

Precipitate Kb is dissolved in 5% sodium hydroxide (w';v.).
(See Figure 3 for the scheme of analysis of precipitate Kb.)
From this solution the nonnicotine alkaloids are extracted in a
liquid-liquid extractor with ethyl ether. The rate of extraction is
adjusted so that about 4.5 ml. of ether pass per minute through
the aqueous solution. After 21 hours of extraction, the substances
in the ether extract are in turn extracted in a -separatory funnel
with hydrochloric acid (ca. 0.25N) and the alkaloid content of
this acidic extraction (fraction Kbl) is determined by quantitative
evaluation of its ultraviolet absorption spectrum. The results
are expressed in terms of "secondary alkaloid nitrogen." After
this removal of the nonnicotine alkaloids, the alkaline residue
(KB2) of the ether extraction is allowed to stand for 24 hours at
room temperature to remove most of the ether, whereupon it is
transferred to a distillation flask (Figure 2). Two grams of Devarda
alloy are added, and the sample is steam-distilled into 0.05N
sulfuric acid, a constant volume being maintained in the distillation
flask. The oxynicotine present in the solution is thereby reduced
to nicotine. The nicotine and small amounts of ammonia con
tained in the distillate (Kb3) are analyzed in the same way as
distillate G.

Precipitate Kc is dried to a constant weight at 110° C. and
transferred from the glass crucible into a weighed platinum cruci
ble. As this transfer from crucible to crucible is not completely
quantitative (small particles of the precipitate adhere tenaciously
to the glass walls and pores of the fritted-glass filter), the exact
tobacco aliquot corresponding to the precipitate in the platinum
crucible has to be recalculated. Precipitate Kc is then ignited for
1 hour at 650° ± 25° C. in a muffle furnace (32, 62), cooled, and
weighed again. The weights of Kc, after drying at 100° C. and
after ignition, are expressed in milligrams per gram of tobacco
powder.

Frequently during the ignition, the dried silicotungstic acid
precipitate will fuse to the platinum crucible, making cleaning
somewhat difficult. This can be avoided by covering the bottom
of the crucible with a disk of ashless filter paper before the pre
cipitate is placed in the crucible. If necessary, cleaning can be
accomplished by adding a mixture of ca. 50% sodium carbonate
(anhydrous) and 50% potassium carbonate (anhydrous) to the
desired height in the crucible, fusing in an electric furnace, and
quenching the hot melt in cold water. The crucible is then rinsed
with distilled water. The use of a platinum Gooch crucible with
an asbestos mat for drying and for igniting the precipitate may
overcome these difficulties.

Silicotungstic Acid Filtrate J. Since for the subsequent deter
minations on the silicotungstic acid filtrate, a sample correspond
ing to 3 to 4 grams of tobacco powder is sufficient, the filtrate of
precipitate Kc, corresponding to an aliquot of ca. 3.8 grams, is
used. The two filtrates from precipitates Ka and Kb may be used
for side analyses or for check determinations. Filtrate J is neu
tralized, 7.5 grams of sodium hydroxide pellets are added, and
the sample is distilled 'lVith steam, maintaining the distillation
volume at 150 ml. and thus establishing a 5% concentration
(w./v.) of sodium hydroxide during the distillation. Complete
ness of the distillation is indicated by a negative check of a few
drops of the distillate with phenolphthalein.

Distillate M collected in an excess of 0.05N sulfuric acid con
tains ammonia which is determined both by nesslerization of an
aliquot of the distillate and by titration of the remainder in the
manner described for distillate G.

Magnesium Oxide-Devarda Distillation. The distillation
residue, L, is neutralized in the distillation flask. A gellike pre
cipitate which had formed when the solution had been made
alkaline for the previous distillation dissolves when the distilla-
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tion residue is neutralized. One gram of magnesium oxide and 2
grams of Devarda alloy per gram of tobacco sample are added
and the sample is steam-distilled into an exces sof 0.05N sulfuric
acid. Under these conditions, the evolution of hydrogen occurs
at a slow rate. Steam is introduced when the sample has been
concentrated to a volume of 150 mI., or if the volume is 150 m!.
after 0.5 hour of boiling, and the distillation continued until a
negative check with phenolphthalein is obtained.

Distillate 0 is mixed and an aliquot withdrawn for determina
tion of ammonia by the modified Nessler procedure described
below, the remainder being titrated in the same manner as distil
lates G and M. The ammonia in distillate 0 has been formed
from nitrates in the sample by the reducing action of the Devarda
alloy.

Distillation Residue N is filtered and the Devarda mud, Q, is
washed and kjeldahlized.

Filtrate P of Distillation Residue. Aliquots are taken for de
terminations of the "rest nitrogen" by Kjeldahl and for the de
termination of a-amino acid nitrogen. The remainder is used
for the determination of nicotinic acid.

DISCUSSION OF METHODS

Drying of Samples. The procedure used for the drying of the
samples is one of the conventional methods, recommended by
Pucher, Vickery, et al. (5..0 for the 'preparation of tobacco for
analysis. As shown by these authors, the main advantage of
drying at the relatively low temperature of 68° C. is that at this
temperature no detectable chemical changes occur in the samples,
such as deamination of the labile glutamine. It cannot be claimed
that this drying procedure yields better values for the actual dry
weights and moisture contents of the samples than any of the
numerous other drying methods (3, 22, 48, 75, 76).. It serves
very well, however, for obtaining reproducible reference weights
in comparative analyses of tobacco samples, withdrawn at vari
ous stages of their processing.

The "dry weight" of a given tobacco sample is defined as the
weight obtained from the powdered sample spread in a layer 2 to
4 mm. thick and dried for 0.5 hour in a forced draft oven at
68° C. Systematic drying tests showed clearly the necessity of
keeping the layer of the drying powder at a standardized thick
ness regardless of the size of the samples. This is easily achieved
by selecting drying dishes of the proper diameter as described in
the procedure.

Extraction and Washing. Acidification of the water used for
the reflux extraction of the dried powder samples to ca. 0.05N
proved to be necessary to avoid any losses of ammonia or other
volatile bases during the extraction. Such losses occur if insuffi
ciently acidified water is used for extracting the samples, since
the pH of the leaf tissue, particularly of fermented tobacco, can
reach values as high as 7. After the samples have been extracted
with 0.05N acid, reproducible and generally higher values are
obtained for the nitrogen content of the water-insoluble leaf
residues. These higher values for the insoluble nitrogen are more
accurate than the insoluble nitrogen found after extraction with
less acidic water. Under these conditions of extraction, all the
glutamine contained in the sample is hydrolyzed to glutamic acid
and ammonia. The original glutamine content of the sample is
determined on subsamples Al and Bl as outlined above.

To avoid any subsequent nitrogen losses from the water-insolu
ble fraction, it proved necessary to wash the extraction residue
with 0.005N acid instead of with water. Furthermore, the
washed extraction residues must be placed immediately in acid
in preparation for their subsequent digestion for the Kjeldahl
determination, because without this precaution the extraction
residues will lose some of their nitrogen on standing. No indica
tions were found of any solubilization of the insoluble nitrogen
fraction by the acidified water used for the extraction of the
samples.

Systematic tests have shown that all the soluble nitrogen com
ponents of the leaves have been quantitatively extracted when
the washings become colorless. On the average, a minimum of
50 m\. of acidified wash water per gram of dry sample weight is
needed to reach this point. An excess of wash water does not
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As there are still considerable gaps in our knowledge of the
nitrogenous substances in plant tissues, including tobacco,
several fractions of an unknown nature are unavoidably encoun
tered in the comprehensive analysis described here.. Depending
on the tobacco type analyzed and its state of industrial process
ing, roughly 67 to 78% of the total soluble nitrogen can be
allocated to identifiable compounds. These compounds and the
fractions in which they are obtained and determined are listed
in the upper half of Table IV. The remaining approximately 22
to 33% of soluble nitrogen belongs to substances or groups of
substances that have not yet been definitely identified as known
chemical compounds. They are found in the fractions listed in
the lower half of Table IV. Inasmuch as their chemical composi
tion is unknown, their nitrogen is determined by kjeldahlization.

This emergence of fractions containing unknown nitrogen
compounds in the comprehensive analytical procedure is a chal
lenge to investigate these unidentified leaf components further,
particularly those fractions that contain substantial quantities of
"unknown nitrogen," and those that show drastic changes during
the processing of the leaves. It was precisely such changes in
the unknown nitrogen that instigated the study in this laboratory
that led to the recognition of the profoLlnd chemical changes of
the tobacco alkalQids that occur during the fermentation of the
leaves. It is hoped that further work will help to clarify the na
ture of the remaining unknown nitrogen compounds.

Known Nitrogenous Leaf Components. NICOTINE NITROGEN.

The distillation of the concentrated water extract, D, in the pres
ence of the mildly alkaline magnesium oxide through the packed
column of the Claisen flask yields more accurate values for the
actual nicotine nitrogen content of the tobacco samples than does
a distillation with sodium hydroxide as the alkalinizing agent (8,
13,46) in other types of apparatus (4, 9, 32). This higher accu
racy is due to a better retention in the distillation residue of the
secondary alkaloids, and to the suppression of decomposition
reactions that yield nicotine from nicotine transformation prod
ucts present in fermented tobaccos.

In regard to the retention of the secondary alkaloids, model
distillations were carried out with solutions of pure nornicotine,
and with nicotine-nornicotine mixtures, using magnesium oxide
and the Claisen flask. Some of the results of these tests are listed
in Table V. The distillations of pure nornicotine 1 to 4 show
that none of this compound distills under the conditions of distil
lation, and that the distillation residue on analysis gives a satis
factory recovery of nornicotine. The model distillations of nico
tine-nornicotine mixtures 5 tOI agree with these results in so far
as the amounts of alkaloid nitrogen found by spectrophotometry
in the distillates and in the distillation residues correspond, re
spectively, to the amounts of nicotine nitrogen and to the quanti
ties of nornicotine nitrogen contained in the original synthetic
mixtures.

As earlier results of Porter et al. (52) and some recent chromato
graphic work in this laboratory indicated the presence of anaba
sine as an additional alkaloid in cigar tobaccos, model distillations
were carried out with this substance and also with nicotine
anabasine mixtures. The results obtained were less favorable

than those found for the.
nicotine-nornicotine mixtures.
Under the conditions required
for the. complete distillation of
nicotine, from 25 to 40% of the
total anabasine present was
found. in the distillates. This
effect could possibly be avoided·
by the use of more efficient
fractionating columns. Since,
however, the total amounts of
anabasine present in average
tobacco samples probably do
not exceed 3 to 5% of the
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Table III. Average Results Showing Summation of Soluble Nitrogen
(Values are expressed in mill.igrams of nitrogen per g~am ?f dry: tobacco. Same tobacco samples as listed in Table

IV. Capital letters refer to fractiOns In whICh values were found, Figure 1)
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affect the quantities of soluble and insoluble nitrogen found in a
given sample.

Distillations. After the investigation of various distillation
units, the special distillation flask shown in Figure 2 was finally
adopted as standard equipment. This flask effectively prevents
the carry-over of any spray of liquid from the distillation residue
into the distillate. This is particularly important for distilla
tions made in the presence of Devarda alloy, because the hydro
gen evolved creates an extremely fine spray of the alkaline liquid
which, if transferred into the distillate, causes considerable titra
tion errors. The insertion of "Iowa State" traps between ordi
nary distillation flasks and the condensers proved advantageous
but did not solve the problem completely. Various other types
of traps were found to be still less efficient. A complete retention
of the spray was achieved by using the Claisen flask (Figure 2)
with a tight packing of glass helices in its side tube. Its beneficial
effect is illustrated by the data in Table II. The packed column
of this distillation flask, because of its fractionating effects, per
mits the nearly quantitative separation of nicotine from the
accompanying secondary alkaloids (see below).

(In all cases the receiving flask contained 10 m!. of 0.05N H2S0, and was ti
trated after 1 hour of steam distillation with 0.05N NaOH. Titer for 10 m!.

of acid was 10.35 m!. of base)

0.05N NaOH Required for
Titration of Distillate, M!.

100 m!. of 5%" NaOH 10.30 10.32

100 m!. of 5%" NaOH 10.38 8.51
and 2 g. of Devarda 10.04 9.20
alloy 10.25 9.25

100 m!. of 25%" NaOH 10.44 10.25

a Concentration of NaOH is on a weight-volume relationship-5 g. KaOH
dissolved in 100 m!. water is a 5% KaOH solution.

Tobacco Type

I. Pennsylvania tobacco, 1941
crop unfermented

2, Pennsylvania tobacco, 1941
crop fermented

3. Connecticut shade-grown
wrapper tobacco, 1950
crop fermented

Table II. Comparison of Spray Retention in Two Distilla
tion Units

DISCUSSION OF CONSTITUENTS

Survey on Components. The analytical scheme described here
differs from the usual determinations of nitrogenous compounds
in plant tissues in so far as it constitutes an attempt at recording
all the nitrogenous substances in the tissues rather than a few
selected compounds for which analytical methods are available.

Table III illustrates for three cigar tobaccos the summation of
their nitrogen increments to give their 2: values of total soluble
nitrogen. Several of the fractions employed for this additive
evaluation are composit~ fractions and contain, in their turn, dif
ferent types of nitrogen compounds. These fractions are further
analyzed for their components with the results shown in Table
IV, where the individual constituents are given in percentages
of the 2: value of each of the three tobaccos. As can be seen,
these percentages change considerably for some of the constitu
ents with the kind of tobacco leaves investigated. According to
the literature data (12, 18, 59) other tobacco types, particularly
cigarette tobaccos, show a distribution of their soluble nitrogen
constituents very different from those of the cigar tobaccos listed
in Tables III and IV.



VOL U M E 25, N O. 1 2, DEC E M B E R 1 953 1789

these deviations, no special investigations have been made to
detect their actual causes. However, Kjeldahl determinations
made of the total nitrogen in distillates G of several tobacco
samples proved beyond any doubt that ammonia and nicotine
are the main components of these distillates.

SECONDARY ALKALOID NITROGEN. The evaluation of the
secondary alkaloid nitrogen in fraction Kbi (Figure 3) is based
on the fact that nornicotine and anabasine, the main components
of this fraction, have very similar absorption spectra, as shown
by Table VI.

That the values for the secondary alkaloid nitrogen obtained
by the ultraviolet absorption measurements are correct within
the limits of analytical errors was repeatedly confirmed by
Kjeldahl determinations and by determinations of the alkaloid'
content of fraction Kbi by the silicotungstic acid method (6, 15).

As a rule, no efforts were made.in the procedure described in
this paper to differentiate analyticallYJbetween nornicotine and
the other secondary alkaloids present in the samples. Similarly,
no quantitative determinations were made of the alkaloid trans
formation products 3-pyridyl methyl ketone and 2,3'-dipyridyl
that are present in very small amounts in the secondary alkaloid
fraction obtained from fermented tobacco' samples. The separa
tion and determination of these pyridine derivatives are better
achieved by the "solvent extraction method" (30).

OXYNICOTINE NITROGEN. Oxynicotine is a major component
(29) of the transformation products of nicotine that have been
identified in fermented samples of tobaeco. In fermented Penn
sylvania tobacco, for example, the quantities of oxynicotine nitro-
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G
Subfraction of A
Subfraction of B
Subfraction after hy-

drolysis
Calculated, partly in
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Kb1
Kb3
Subfraction of P
Subfraction of P

Classification and Distribution of Soluble
Nitrogen for Three Tobacco Types

Chemically Identified Leaf Components

Approx. % of
Total Soluble N
1B 2B 3B

26.7 13.8 8.5
23.4 17.3 13.3
1.9 3.4 1.3

Name

Nicotine
Free ammonia
Amide of glutamine
Amide of asparagine

Ammonia from unknown
sources

Nitrates
Nonnicotine alkaloids as nor-

nicotine
Oxynicotine
a-Amino acid
Nicotinic acid

Total

Table IV.

Chemically Unidentified Leaf Components

Characteristic Behavior in
Analysis Found in Fraction

Forms water-insolu}:>le ppt. on
concentrating original ex- E 2.1
tract at pH 3 to 3.5

Combines with, and is ad- 5.9
sorbed on MgO during
steam distillation

l'recipitates with STA along Ka - (Kb1 + Kb3) 6.0
with oxynicotine and Ilnor_
nicotine"

Combines'with and is adsorbed Q 2.0
on MgO and reacted De-
yards alloy

Rest, not distillable with MgO, P - (a-amino N) + 5.6
MgO and Devarda, rior 5 % nicotinic acid N
alkali. Does not, fall with
STA
Total 21.6

Nornicotine 228 259 5610
Anabasine 226 259 5570

a l\.1easured in O.251V aqueous Hel solutions in cells of I-cm. thickness.

1.46
1.60
0.16
0.17
0.36
1. 70
0.12
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0.01
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Nil
1.99
1.96
2.00
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Table VI.

Compound

3
4
5
6
7

No.

1
2

Table V. Steam. Distillation of Nornicotine and of Nico
tine-Nornicotine Mixtures in Presence of Magnesium.

Oxide in Claisen Flask, Packed with Glass Helices
(All values are milligrams of nitrogen)

Nicotine in N ornicotine
Original in Original
Solution Solution

Nil 1. 70
Nil 1. 70
Nil 0.17
Nil 0.17
2.00 0.35
2.00 1.76
2.00 0.09

gen average 20% of the nicotine nitrogen content, and in very
thoroughly fermented samples can even amount to a multiple of
the nicotine nitrogen (28) of this tobacco. In the present scheme
of analysis, oxynicotine is obtained in fraction Kb2. It is easily
and accurately determined by its quantitative reduction to nico
tine.

If the proper precautions are not observed during the distilla
tion of the water extract, D, some of the alkaloid transformation
products present in this extract may be decomposed with a simul
taneous formation of artifact nicotine. This will result in a too
high value for the nicotine nitrogen found in distillate G. Oxy
nicotine can yield nicotine when subjected to a steam distillation
in the presence of sodium hydroxide and to a much smaller extent
in the presence of magnesium oxide. Therefore, this compound
is a potential source of artifact nicotine in the distillation of
aqueous extracts of tobacco, particularly of fermented cigar to
bacco. For this reason, the authors have endeavored to minimize
any decomposition of oxynicotine by employing the mild condi
tions described in the distillation of the concentrated water ex
tract, D.

nicotine contained in these samples, the quantities of anabasine
erroneously detennined as nicotine in distillate G correspond at
the most to only about 2% of the nicotine. On the other hand,
100% of the nornicotine and at least 60% of the anabasine-Le.,
at least a major part of the secondary alkaloids-are retained in
the distillation residue.

The suppression of decomposition reactions that yield nicotine
from other compounds during the distillation, is dealt with below
in connection .with the discussion of oxynicotine.

The quantities of nicotine in distillate G are determined by
means of ultraviolet spectrophotometry, correcting for optical
impurities present in the distillate in a way similar to that de
scribed by Willits et al. (79). Ammonia, the second main com
ponent of distillate G, is quantitatively determined by a modified
Nessler method (see below). Provided there are no additional
volatile bases or volatile acids contained in distillate G, the ana
lytical values found for nicotine and ammonia can be checked by
the simultaneous titration of both these bases. Since only one
of the two basic nitrogen atoms of the nicotine molecule (14, 70)
is titrated in the presence of the indicator (pH range 4.0 to 6.0),
the "total titrable nitrogen" in the distillate should equal the
sum of ammonia nitrogen plus one half of the nicotine nitrogen.

Model distillations of synthetic mixtures of ammonia and
nicotine confirmed this and particularly the fact that under these
conditions exactly one half of the total nicotine nitrogen is
titratable. In the analyses of tobacco samples, the titration
values of distillate G usually agree well with the total titratable
nitrogen calculated from the independently determined quantities
of ammonia and nicotine nitrogen in the distillate.

B These figures refer to tobacco types listed in Table III.

Occasionally the values found by direct titration deviate from
the calculated values by ±5 to 8%. A positive deviation in
which the titration result exceeds the calculated titrable nitrogen
may indicate the presence in the distillates of small amounts of
volatile bases other than ammonia or nicotine. In cases of nega
tive deviations, the distillates may contain small amounts of vola
tile acids. Because of the smallness and erratic occurrence oJ
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Investigations by the solvent extraction procedure (26, 30)
have shown that other nicotine transformation products besides
oxynicotine are present in fermented cigar tobaccos. In the pro
cedure described here, a major part of these substances is present
in fraction Kb2, and after the oxynicotine has been removed by
its reduction to nicotine, in fraction Kb4. These additional alka
loid transformation products are being investigated further.

NICOTINIC ACID NITROGEN. Nicotinic acid is another major
product formed from nicotine during the fermentation of tobacco
(27), and is contained in easily detectable amounts in aqueous
extracts made from fermented samples. In contrast to most of
the other fermentation products of nicotine, nicotinic acid is not
precipitated by silicotungstic acid under the conditions of this
analytical procedure, and is, therefore, contained in the final
fraction, P. Its determination in this fraction is described
below.

AMMONIA NITROGEN. The ammonia found in distillates G and
1\1 represents the "total ammonia" of the sample and consists of
free ammonia and ammonia resulting from the hydroly~is of
amides and other leaf components.

The methods of Pucher, Vickery, et al. (54, 71) are used for
classifying this total ammonia into (1) the free ammonia present
in the tissues; (2) the ammonia derived from the easily hydro
lyzable glutamine; and (3) the less easily hydrolyzable aspara~

gine. Specifically, the free ammonia nitrogen is determined in a
D.5-gram subsample, AI, of the unextracted tobacco powder, A,
the glutamine amide nitrogen in an D.5-gram aliquot, Bl, of the
freshly made water extract, B, and the asparagine amide nitrogen
in a second D.5-gram aliquot, B2, after its hydrolysis with 4N
sulfuric acid. The sum of these three determinations when sub
tracted from "total ammonia nitrogen" leaves a small quantity
of additional ammonia nitrogen. This is "decomposition am
monia" arising from an unknown source, possibly related to the
"extra ammonia nitrogen" described by Vickery et al. (72).

NITRATE NITROGEN. Because the determination of the nitrate
nitrogen involves its reduction to ammonia by Devarda alloy in
the presence of the mildly alkaline magnesium oxide and deter
mination of this ammonia in distillate 0, it is essential as is done
in this procedure to remove, prior to the nitrate determination,
all the ammonia that might arise from other sources.

Unidentified Nitrogenous Leaf Components. ACID PRECIPI
TATE NITROGEN E, MAGNESIUM OXIDE NITROGEN I, AND UN
IDENTIFIED SILICOTUNGSTIC ACID PRECIPITATE NITROGEN. It is
likely that the unidentified nitrogenous substances contained in
these three fractions are of a similar chemical composition. The
nitrogen found in these fractions is associated with an amorphous
brown material that is present in colloidal dispersion in aqueous
tobacco extracts. Efforts to obtain precise information on the
chemical nature of this amorphous material have so far met with
little success. Various observations indicate the possibility that
the nitrogen of these substances originates from the formation of
complexes between amino acids (or peptides) and nonnitrogenous
leaf constituents.

It has been reported that reactions occur in various materials
of vegetable origin between amino acids and carbohydrates (1,
20, 45, 57) and also between amino acids and oxidized phenolic
compounds (5, 36, 38, 39), and that amorphous brown substances
are produced in these reactions. Conversions of this kind are
easily possible in the tissues of tobacco leaves that contain all the
components mentioned in considerable amounts. The hypothesis
that a-amino nitrogen is involved in the formation of the high
molecular nitrogenous substances that are precipitated by silico
tungstic acid is supported by the following observation: If an
aliquot of fraction H of a given tobacco sample is subjected to a
mild hydrolysis with 5% sodium hydroxide at room temperature,
this aliquot compared with an untreated aliquot shows an increase
of free a-amino nitrogen and a roughly equivalent decrease of
the unidentified nitrogen in silicotungstic acid precipitate made
subsequently in this fraction H.
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The experimental values for the weights of the silicotungstic
acid precipitates dried aJ. 100 0 C,} W', for the weights of the
ignited silicotungstic acid precipitates, W", for the total nitrogen
of the precipitates, Nt, and for the nitrogen of the sec0Il;d::ry
alkaloids, N" and oxynicotine, N Q , can be used for obtammg
some information on the unknown substances, U, that are pre
cipitated together with the secondary alkaloids and oxynicotine
by silicotungstic acid.

In the following calculations all quantities are expressed in
milligrams per gram of dry tobacco weight:

The nitrogen of the unknown substance is evaluated as

N u = Nt - (N, + No) (1)

The weight of the unknown substance is obtained as

W u = (W' - W") - G~~ N, + :~.~ No)

where 18.9 is the per cent of. nitrogen in t~e secondaryalkal.oids
(when calculated as nornicotme) and 15.8 IS the per cent of mtro
gen in oxynicotine.

The per cent of nitrogen in the unknown cornpound is:

N u X 100 (3)
Wu

In Table VII are listed the experimental values W' and W"
for the same three tobacco types for which the nitrogen data are
presented in Tables III and IV. The values for the nitrogen, N u ,

and the weight, Wu , of the unknown substances calculated from
Equations 1 and 2, respectively, are also listed, together with the
per cent nitrogen in the unknown substance. This nitrogen per
centage, amounting to approximately 10% for all three tobacco
samples, is not in contradiction to the hypothesis that the un
known substances might consist largely of complexes formed be
tween amino acids and polyphenols or carbohydrates. Further
work is needed to clarify the nature of these unknown nitrogenous
substances.

The magnesium oxide residue, I, may contain not only high
molecular complexes of the type discussed above, but. also frag
ments formed from nucleic acids. This is indicated by the fact
that considerable amounts of phosphorus as well as nitrogen and
carbonaceous materials are contained in this fraction.

Table VII. Experhnental Values
Tobacco NulWu X

Type W' W· Nu W u 100

1 76 57 1.45 16 9.1
2 129 99 2.42 25 9.7
3 25 16 0.88 8 11.0

DEVARDA RESIDUE NITROGEN Q. The small amounts of nitro
gen associated with the solid residue, Q, of the Devarda distilla
tion appears to be also derived from amino acids. In this case,
however, no complex formation seems to occur. Rather, the
retention of small amounts of nitrogen in the solid phase seems to
be caused by a direct reaction between free amino acids and some
components of the residue (magnesium oxide, aluminum oxide,
and metallic copper). This is borne out by model experiments
with aspartic acid which showed that some aspartic'acid nitrogen
was retained in the Devarda mud. Since, according, to recent
results obtained in this laboratory by chromatographic analysis,
aspartic acid is predominant among the amino acids present ill
aqueous tobacco extracts, it is conceivable that a considerable
part of the unidentified nitrogen in fraction Q originates from
this compound.

REST NITROGEN. Approximately 30 to 65% of the "rest
nitrogen" found by kjeldahlization of fraction P can be identified
by means of the Van Slyke method as a-amino acid nitrogen, and
some 1 to 14% as nicotinic acid nitrogen, depending on the sample
being analyzed. The remainder may consist chiefly of the basic
nitrogen of arginine, histidine, and possibly the methylated nitro-



VOL U M E 25, N O. 1 2, DEC E M B E R 1 953

gen of nondistillable compounds. It is likely that fraction P
contains also some heterocyclic nitrogen of the purine and pyrimi
dine type. More detailed investigations are required for elucidat
ing the chemical nature of unidentified nitrogen components in
fraction P.

DETERMINATIONS OF TOTAL NITROGEN, AMMONIA,
NITRATE, AND NICOTINIC ACID

A description is given here of several specific procedures that
are used in conjunction with the arialytical scheme described
above.

These procedures are, A, a specifically adapted Kjeldhal method
for the determination of total nitrogen in a sample of tobacco
powder or in fractions thereof; B, a modified Nessler procedure
for determining ammonia in distillates; C, a variation of the
Devarda method for reducing nitrate nitrogen to ammonia nitro
gen; and D, a method for determining nicotinic acid by its selec
tive extraction and spectrophotometric evaluation.

A. KJELDAHL METHOD FOR DETERMINATION
OF NITROGEN IN TOBACCO SAMPLES

Like other plant materials, tobacco contains nitrogen in various
forms, including ammonia, amino acids, and nitrates. Of these,
the presence of nitrates requires special precautions for their
quantitative determination in the Kjeldahl method for total
nitrogen. Furthermore, considerable quantities of nitrogen are
present in tobacco leaves as a part of heterocyclic ring compounds;
their main representatives are nicotine, related alkaloids, and
their transformation products (27, 29, 30). These heterocyclic
compounds are among the most difficult to determine by the
Kjeldahl procedure (41,49, 58, 77). Correct Kjeldahl determina
tions of tobacco samples require, therefore, a special procedure
designed to overcome the complication caused by the simultane
ous presence of nitrates and of heterocyclic nitrogen compotmds.

Reduction of Nitrates. Pucher, Vickery, et ai. (53, 69) con
firmed the finding of Ranker (56) that the zinc reduction of ni
trates recommended as an official method (2) prior to Kjeldahl
digestion, if applied to aqueous solutions, yields low nitrogen
values. The same authors recommended, as a better procedure,
reduction of the solutions with "reduced iron powder" prior to
the Kjeldahl digestion. This and related methods are discussed
by Street (63).

In analytical studies on tobacco, this method proved to be
indispensable for the Kjeldahl determination of nitrogen in
samples that contain nitrates or substances containing nitrogen
oxygen linkages. Specifically, the preliminary reduction with
reduced iron powder was found to be necessary to obtain correct
total nitrogen values for the original tobacco samples, their
aqueous extracts, and their extraction residues [fractions A, H,
,and C, respectively, of the analytical scheme (Figure 1)], even
though the presence of nitrates in fraction C appears unlikely.
On the other hand, a series of tests showed that the preliminary
iron reduction can be omitted in the Kjeldahl determination of
the nitrogen contained in other fractions of the analytical scheme,
specifically in fractions E, I, Kc, P, and Q. It is evident from
the analytical scheme that none of these fractions eontain nitrate
nitrogen.

In using the reduction by iron, it was found essential not to
concentrate the solutions prior to reduction. Without this pre
caution, substantial losses of nitrogen occur during the concen
tration of the unreduced solutions. Presumably, this is due to
a loss of nitric acid by volatilization, or to a formation of mo
lecular nitrogen from amino compounds and nitric acid in the
presence of reducing substances.

Table VIII shows how the concentration of an acidified tobacco
extract before its reduction with iron powder diminished the nitro
gen values found for this extract. The values listed for Methods
I and II were obtained for water extracts of the same tobaeco
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powder, and correspond to aliquots of fraction B~i.e., the "total
soluble nitrogen" of the analytical scheme. Method I involves
(1) acidification of the aqueous extract to a strength of 2N with
sulfuric acid, (2) concentration to about one half of its original
volume, (3) reduction at this volume with "reduced iron powder,"
and (4) kjeldahlization as described in the experimental pro
cedure. In Method II, the extracts were made 4N with sulfuric
acid, immediately reduced, concentrated, and then kjeldahlized.

The total nitrogen contained in the same tobacco fraction H
was independently evaluated as the difference between the total
nitrogen (Kjeldahl value) of the original tobacco powder and its
insoluble nitrogen (Kjeldhal value). It was found to equal 21.45
mg. per gram of the dry tobacco weight. As this differenee value
obviously represents the actual quantity of soluble nitrogen, it
follows that the results obtained by Method I are low by about
17%, whereas the average of the results of Method II differ from
the true value by only 1.4%, an agreement that is satisfactory
within the limits of analytical and sampling errors (about ±
2.5%).

That the low values obtained by Method I show among them
selves no appreciably greater deviation than do the correct values
found by Method II is an indication that the nitrogen losses
occurring during the concentration of the acidified unreduced
tobacco extract are fairly well reproducible. This proves once
again that reproducibility in itself has no bearing on the accuracy
of analytical results.

Table VIII. Influence of Treatment of Extract, P";Ot· to
Kjeldahl Digestion on Nitrogen Content of Water Extt'ucls

of One Sample of Tobacco Powder
Method I Method II

Acidified Extract Coned. before Acidified Extract Reduced before
Reduction, then Kjeldahlized Conon.• then Kjeldahlized

Value, % deviation Value, % deviation
mg./g. from avo mg./g. from avo
17.93 1.5 21.32 1.4
17.99 1.9 20.91 0.5
16.90 4.3 21.41 1.9
17.40 1.5 21.10 0.4
17.88 1.2 21.15 0,6
17.88 1.2 20.38 3.0

21. 10 0.4
21.73 3.4

Av. 17.66 ±1.9 21.14 ±1.5

Digestion of Heterocyclic Nitrogen Compounds. The second
difficulty in Kjeldahl determinations of tobacco powders and
tobacco extracts is caused by the resistance of heterocyclic nitro
gen compounds such as nicotine, against the usual digestion
procedure.

In 1943, Chibnall, Rees, and Williams (16), working with pro
tein-containing samples, pointed to the necessity of employing
prolonged digestion periods after clearance of the digesting solu
tions to obtain complete recovery of the total nitrogen of the
protein samples. In 1945 Shirley and Becker (58) stated that the
same applies to an even greater extent to Kjeldahl determinations
of heterocyclic nitrogen compounds and recommended the use of
mercury, or of a combination of mercuric oxide and selenium
oxyehloride as digestion catalysts. Later Ogg, Brand, and
Willit,s (49) published the results of a thorough investigation of
the optimal duration of the digestion, and of the most effective
catalysts for the digestion procedure when heterocyclic com
pounds such as nicotinic acid are kjeldahlized. These authors
recommended a digestion period of 4 hours, and a catalyst com
bination of mercuric oxide and selenium oxychloride. In a sub
sequent paper Willits, Coe, and Ogg (77) modified this earlier
recommendation by favoring a digestion time of 3 hours and the
use of mercuric oxide and potassium sulfate in a fixed ratio, point
ing out that the use of selenium or its compounds can lead to
appreciable nitrogen losses. This opinion was supported by
Lake (43), who claimed that any catalysts other than mercury,
potassium sulfate, and sulfuric acid are superfluous and may even
he harmful. On the other hand, Patel and Sreenivasan (50) con
cluded that the best results in kjeldahlizing heterocyclic com
pounds such as nicotinic acid are obtained by using digestion
periods of 4 hours after clearance of the solution and selenium
mercury combination as catalyst.
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Table IX. Determination of Nitrogen Content of Various
Compounds, Including Substances Containing Hetero

cyclic Nitrogen

Average deviation ±1.2%

• Sample kindly supplied by J. W. Huff, Sharp and Dohme, Inc.
b Nicotine and nornicotine determined in aqueous solutions. Theoretical

nitrogen content determined by silicotungstic acid precipitation of alkaloids
and by weighing ignited precipitates, according to method of Bertrand and
Javillier (6).

Table x. Total, Soluble, and Insoluble Nitrogen of
Powdered Leaf Blades of Pennsylvania Seedleaf Tobacco,

1941 Crop
(Mg. per gram of dry tobacco weight)

Direct Determinations.
Modified Kjeldahl Procedure By Calculation

Devia- Devia- Devia- Devia-
tion Insolu- tioD tioD tioD

Sample Total from hie from Sol. from Total from
No. N av., % N av., % N av., % N av.. %

1. 45.66 -0.1 24.32 +0.2 21.32 +0.9 45.64 +0.5
45.49 -0.5 23.41 -3.5 20.91 -1.1 44.32 -2.4
45.66 -0.1 24.27 0.0 21.41 +1.3 45.68 +0.6
46.06 +0.8 24.29 +0.1 21.10 -0.2 45.39 -0.0
45.84 +0.3 24.82 +2.3 21.15 0.0 45.97 +1.3
45.59 -0.3 24.91 +2.7 20.38 +3.6 45.29 -0.2

24.48 +0.9 21.09 -0.2 45.57 +0.4
23.66 -2.5 21.73 +2.8 45.39 0.0

Average 45.72 ±0.4 24.27 ±1.5 21.14 ±1.3 45.40 ±0.4
2. 40.26 +0.8 17.85 +1.1 21.63 -1.6 39.48 -0.4

40.34 +1.0 17.47 -1.0 21.91 -0.3 39.38 -0.7
39.93 0.0 17.65 0.0 21.17 -3.7 39.82 +0.3
39.90 -0.1 17.75 +0.6 22.17 +0.9 39.92 +0.6
39.28 -1.7 17.51 -0.8 22.11 +0.6 39.62 -0.1
39.96 +0.1 17.59 -0.3 22.12 +0.6 39.71 +0.1

22.75 +3.5
Average 39.94 ±0.6 17.65 ±0.6 21.98 ±1.6 39.66 ±0.4

a Sum of fourth and sixth col umns.

During the development work on tobacco catalysis in this
laboratory (started prior to 1945) studies were made on the factors
influencing the Kjeldahl procedure, particularly the duration of
digestion, and the catalysts used. It was concluded that only by
prolonged digestion periods and by using a combination of sele
nium and mercury as digestion catalysts are reliable and repro
ducible results ubtained for the nitrogen content of tobacco sam
ples and of analytical fractions derived from them.

Using the procedure described below, various individual nitrog
enous compounds either known to be present or suspected of
being present in tobacco were kjeldahlized, with the results shown
in Table IX. The agreement between the experimental and
theoretical values for each of the compounds is of the same order
as that reported by the authors quoted above.

Table X lists values found in repeated analyses for the total
nitrogen (column 2), the insoluble nitrogen (column 4), and the
soluble nitrogen (column 6) of two typical cigar tobacco samples
(Pennsylvania Seedleaf U. S. Type 41). The good agreement of
the values in column 2 with the calculated values in column 8
indicates that the nitrogen determinations listed in columns 2, 4,
and 6 are dependable. All the values for soluble nitrogen in

column 6 of Table X were obtained by immediate reduction with
iron, prior to concentrating and digesting the solutions.

As can be seen from a comparison of the percentage deviations
listed in Tables IX and X, the analytical limits of error in nitrogen
determinations of tobacco samples are of the same order of mag
nitude as those incurred in determining the nitrogen content of
well-defined single compounds, including heterocyclic com
pounds.

Reagents. Sulfuric acid, concentrated, low nitrogen, C.P.
analytical reagent.

Sulfuric acid, 4N solution.
Sulfuric acid, 0.05N standard solution, standardized against

a primary standard of sodium carbonate.
Sulfosalicylic acid, 1 gram of salicylic acid (analytical reagent

grade) dissolved in.20 m!' of concentrated sulfuric acid.
Sodium thiosulfate, analytical reagent.
Potassium sulfide (Mallinckrodt) (potash, sulfurated, N.F.

IX) 4% solution, prepared freshly for each set of distillations.
Sodium hydroxide, purified scales, lIN solution.
Sodium hydroxide, 0.05N standard solution, prepared from'

sodium hydroxide pellets, analytical reagent.
Mercury, U. S. P., redistilled.
Reduced iron powder (iron by hydrogen from City Chemical

Corp.).
Selenized Hengar granules (Hengar Co.).
Indicator (64), 125 mg. of methyl red and 82.5 mg. of methylene

blue dissolved in 100 m!' of 95% ethyl alcohol, and filtered if
necessary.

Procedure. For reliable KjeldaW analyses, aliquots containing
from 2 up to 20 mg. of nitrogen are taken. When the sample con
tains nitrates (fractions A, B, and C of the scheme of analysis),
the following procedure is used: Add to the sample, in a 5QO-m!.
Kjeldahl flask, sufficient sulfuric acid, either concentrated or
dilute, depending on whether the sample is in solution or not, to
make the solution 4N, and 2 grams of rejuced iron powder. As
soon as the speed of the reaction diminishes, heat and swirl the
flask intermittently, until the evolution of hydrogen ceases. Cool·
and add 10 m!' of concentrated sulfuric acid and concentrate
until white fumes appear. Cool again and add 20 ml. of sulfosali
cylic acid, add 5 grams of sodium thiosulfate, and allow to stand
4 hours. Heat to boiling. As soon as white fumes appear add
3 selenized Hengar granules. Boil for 4 hours, and then add ca.
0.5 gram of mercury and 10 m!' of concentrated sulfuric acid.
Continue the digestion for 2 more hours; then add one selenized
Hengar granule, and after 2 more hours, add another one. The
r~agen~s, including the !latalysts, are added during the diges
tlOn WIth extreme cautlOn and always with concurrent mix
ing of the contents of the flask. It is also advisable to let the
samples cool slightly prior to the addition of the reagents.

Fmally, after a total of 12 hours of digestion cool the solution
a.dd 200 m!' of wa!er, and co<;>1 again. Add 30 m!' of 4% potas~
SlUm sulfide solutlOn and mIX thoroughly. Make alkaline by
addi~g ca. 110 m!' of 11N sodium hydroxide solution slowly down
the SIde of the flask, and connect immediately to the trap (78)
and condenser of the distillation unit. Mix well and distill into
:tn ~xcess of s~andard O.O~N. sulfuri~ acid, containing 4 drops of
mdlCator. TItrate the dIstIllate With standard 0.05N sodium
hydrox!de. Correct the resulting titer by subtracting the pre
determmed blank found by making a determination on the re
agents alone. For the reagents used in this procedure the blank
a~ounts to about 0.2 mg. of nitrogen and to about '0.1 mg. of
mtr<?gen w~en .r:0 reduct!on with iron is ~ade. If the sample to
be kJeldahhzed mcludes filter paper, a speCIal bl.ank, including the
same amount of filter paper, should be determmed.

If the sample does not require reduction, it is acidified con
centrated, and digested according to the above procedure 'omit-
ting the reduction step. '

B. DETERMINATION OF AMMONIA IN DISTILLATES
BY A MODIFIED NESSLER PROCEDURE

Ammonia has to be determined in each of distillates G, lVI, and
o of the stepwise analytical scheme and also in the distillates
obtained from subfractions AI, B1, and B2. Depending on the
specific tobacco samples under investigation, and on the stage of
industrial processing at which the leaves are taken for analysis,
~ome of these dis~illates contain very small amounts of ammonia,
m some cases as httle as 0.3 ,. of ammonia nitrogen per milliliter.
Moreover, in most of these distillates, varying amounts of nico
tine are present besides ammonia. Thus, any method for deter
mining the ammonia in these distillates must be sensitive, accu-

% Deviation from
Theory

Single
detos. Averages

Nitrogen Found
% Av. %

5.92 -1.0 -1.0

11.51 +1.1)
11.50 +1.1
11 .36 -0.2
11.46 11.43 +0.7 +0 511.11 -2.4
11. 23 -1.3
11.57 +1.8
11.71) +2.9

964) 9 61 +1.3} +0.99.59 +0.7

16.91 } -21 }17 .41 17. 17 +0.8 -1.017.15 -0.7
17.21 -0.3

19.52) 19.42 +3. 3) +2.819.33 +2.3

9.52

18.90

5.98

11. 38

17.27

Nitrogen
by

Theory,
%SUbstance

Trigonelline acid
sulfatea

Nicotinic acid'

Nicotine b

N ornicotine b

Glutamic acid
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rate, and free of interference by the presence of other volatile
bases, particularly nicotine.

A simple titration of the distillate is convenient and is com
monly employed when the only base present is ammonia, but its
lack of specificity e.xcludes its use for distillates containing addi
tional bases. Of the more specific methods recommended for the
quantitative determination of ammonia, two procedures were
investigated in detail-the sodium phenate and hypochlorite
colorimetric method described by Van Slyke and Hiller (67) and
modified by Borsook (7), and the well-known Nessler procedure.
According to the literature, both methods appeared to meet the
requirements set forth above.

Borsook's Method. According to BOI'sook, ammonia concen
trations of about 0.5 'Y per milliliter can be determined with an
aCCUI:acy of ±2%. Following this author's recommendations,
ammonia solutions of concentrations between 0.5 and 5 'Y per
milliliter were treated with phenate-hypochlorite reagent. Solu
tions containing 0.5 'Y of ammonia per milliliter, if measured in
I-em. cells, yielded a color of a sufficiently high absorbancy to
permit quantitative evaluation by spectrophotometry. How
ever, this method yielded reproducible results only when carried
out under the strictest temperature control. A second and de
cisive drawback of Borsook's method is that it yields erratic
results with ammonia solutions containing nicotine, even if the
concentration of the latter does not exceed 0.2 'Y of nicotine nitro
gen per milliliter. The colors obtained for the ammonia content
of such nicotine containing solutions show, on optical evaluation,
deviations of ±30%, far beyond the permissible limits of analyti
cal error. Therefore, the phenate-hypochlorite color reaction is
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unsuitable for the determination of ammonia in the distillates
obtained in the stepwise analysis of tobacco samples.

Nessler's Colorimetric Method. Relatively few exact dataare
given in the literature on the sensitivity and accuracy of Nessler's
method. Pucher, Vickery, and Leavenworth (54) studied this
method in considerable detail to determine the ammonia content
of distillates obtained from plant extracts, including those of
tobacco. They found that ammonia nitrogen concentrations
between 1 and IO'Y per milliliter could easily be determined in
nesslerized solutions with an accuracy of about ±3% when a
Pulfrich spectrophotometer with light filter S43 was used. On the
other hand, in this laboratory, working with an immersion-type
colorimeter, a similar accuracy in the optical evaluation of the
ammonia contents of nesslerized solutions was unattainable, in
spite of repeated efforts to improve the method. The main diffi
culty was that the nesslerized solutions of ammonium sulfate,
serving as color standards, .showed as a rule shades of color differ
ing from those of the nesslerized distillates of tobacco fractions,
probably because of the presence in some of these distillates of
finely dispersed droplets of volatile oils that impart a grayish
shade to the yellow color of the complex formed by the reaction
of Nessler's solution with ammonia.

Measurement of Light-Scattering Capacity of Nesslerized
Solutions. Searching for a less subjective and more sensitive
way of evaluating the "color" of nesslerized solutions, the authors
turned to the Beckman spectrophotometer. As was to be ex
pected, the nesslerized solutions, being colloidal in nature,show
no well defined absorption maximum, but exert a pronounced
effect of light scattering. Since the degree of light scattering by
a colloidal solution depends on the number of particles in the unit
volume as well as on the sizes and size distribution of the particles,
a dependable analytical method can be developed only when these
variables are effectively controlled.

By systematic investigations it was found that the colloidal
character of a nesslerized solution and hence its degree of light
scattering can be sufficiently well reproduced if certain precau
tions are taken: adding gum arabic as a protective colloid,
thorough mixing of the samples while the Nessler solution is being
added, and permitting the samples to stand while they attain a
practically stationary color value.

Ammonia solutions when nesslerized in this way show an in
crease of light-scattering capacities with increasing ammonia
concentration. This fact can be used to construct a calibration
curve for evaluating samples of unknown ammonia contents.
Figure 4 shows a typical set of calibration curves obtained by
measuring the absorbances of a series of nesslerized solutions
in the Beckman spectrophotometer. These solutions in 50 m!.
contain from 0 to 200 'Y of ammonia nitrogen (0 to 4 'Y of ammonia
nitrogen per milliliter). The opacities of the solutions measured
in I-cm. cells at the wave lengths 400,420, and 450 m!' proved to
be reproducible within rather narrow limits for a given solution
of Nessler's reagent.

This applies for measurements made in short intervals (within
6 successive days). Reproducibility of determinations carried
out over a longer period is discussed below.

Table XI shows the average and maximum deviations encoun
tered for each of eleven ammonia standard concentrations used
for constructing the calibration curve. It is evident that the
highest accuracy is attained with ammonia concentrations in the
range of 1.0 to 4.0 'Y of ammonia nitrogen per milliliter.

The absorbance of any nesslerized solution containing unknown
amounts of ammonia is read at 400, 420, and 450 m!'. Two ali
quots of a given sample are used for each determination, yielding
altogether six' measurements of absorbances for each unknown
sample. These six readings require approximately 1 minute and
usually agree with each other closely (within the limits listed in
Table XI). The method is sensitive, fairly rapid, and sufficiently
accurate. A disadvantage can be seen in the necessity of deter
mining a new calibration curve every time a fresh Nessler solution
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:i::i
2.0
3.3
4.2
0.0
0.2

Distillate
Representing
Fraction 0

Dev.
from
av.,
%

4.67
4.43
4.67
4.33
4.52
4.53

(All values expressed in milligrams per gram dry tobacco weight)

Distillates Representing
Fraction G of Two
Tobacco Samples

Distillate 1a Distillate 2"
Calibration Dev. Dev.

Corree- Am- from Am- from Am-
Date of tionsB

• monia av., monia av., monia
Detn. 1'/50 MI. N % N % N

Jan.30 b -7.9 4.22 1.2 3.82 1.8
Feb.6 b -7.0 4.23 1.7 3.83 1.5
Feb. lOb -6.2 4.10 1.4 3.83 1.5
Feb. 13 -3.0 4.16 0.0 3.89 0.0
Feb. 23 -3.8 4.07 2.2 3.83 1.5
March 3 C 0.0 4.17 0.2 3.96 1.8
March 6 0.0 4.17 0.2 3.97 2.1
March 11 +3.3 3.96 1.8

Averages 4.16 ±1.0% 3.89 ±1.5% 4.52 ±2.0%

a Distillates 1 and 2 contained nicotine nitrogen besides ammonia nitrogen
in the ratio 1:3 and 1: 1.4, respectively.

b On these dates solution of gum arabic used was different from that used
for compilation of data for calibration curve.

C On March 3 and later dates a new Nessler solution and a new calibration
curve were used.

Table XII. .Reliability of Calibration Curve Corrections as
Shown by Reproducibility of Ammonia Determinations in

Three Distillates

CORRECTIONS OF CALIBRATION CURVE FOR INDIVIDUAL
GROUPS OF ANALYTICAL SAMPLES. Once a calibration curve has
been set up for a given solution of Nessler's reagent, it remains
usable as long as the Nessler solution shows no signs of rapid
deterioration, such as the formation of large amounts of sediment.
To obtain exact ammonia values, however, it has proved neces
sary at the start of any new determination of a group of samples
on a given date to recheck the calibration curve. The method of
correcting by these rechecks is illustrated by the following ex
ample.

Duplicate aliquots of distillate 1, fraction G, Table XII, were
taken for ammonia determination on January 30. Following the
procedure described above, these aliquots, some additional un
known samples, and three aliquots of the standard ammonia solu
tion containing 50.3, 100.5, and 150.8 'Y of ammonia nitrogen, all
were nesslerized and their respective absorbances determined.
From the calibration curve, the apparent ammonia nitrogen con
tents of the three standard ammonia solutions were evaluated as
57.:{, 107.3, and 160.3 'Y, respectively. The deviations between
these values and the true ammonia nitrogen contents of the stand
ards were +7.3, +6.8, and +9.5 'Y respectively, the average
deviation being +7.9 'Y. (A deviation as high as this is not nor
mally encountered except when a different gum arabic solution is
substituted for the one used in compiling the data for the con
struction of the calibration curve.) This average of +7.9 'I' is
applied in the form of a correction of -7.9 'Y to each of the am
monia values being determined for samples in the same group on
the same day, January 30. For distillate 1, the value read from
the calibration curve was 189.7 'Y, which after correction becomes
181.8 'Y of ammonia nitrogen. From this value, the ammonia
nitrogen content of the distillate was calculated and found to be
4.22 mg. per gram of dry tobacco weight, the value listed in
Table XII for January 30.

with the determination. Three aliquots containing 50, 100, and
150 'Y of ammonia nitrogen, respectively, are taken from the
ammonium sulfate standard solution. These three aliquots are
carried through the procedure simultaneously with the unknown
samples and serve for the correction of the calibration curve for
all the samples analyzed at that same time (see below).

The ammonia content of the unknown aliquots is evaluated by
observing the absorbance at each of the three wave lengths, read
ing the ammonia concentrations from the calibration curves. and
applying- corrections as described below. All the ammonia con
centrations found in this way for the duplicate aliquots are
averaged, and this average is used to calculate the total ammonia
content of the distillates.

Discussion. EFFECTIVENESS OF CALIBRATION CURVE COR
RECTIONS. By following this procedure on each of the dates listed
in column 1 of Table XII and applying the specific daily correc
tions listed in column 2, the results listed in column 3 were com
piled. They and the values obtained for two other distillates

0.3 18 ±3 5 ±4.7
0.6 24 ±2 7 ±5.4

Av. ±3.1. ±5.2

1.0 18 ±1.4 ±2.6
1.6 12 ±1.4 ±2.3
20 18 ±1.1 ±2.2
2.4 12 ±2.2 ±3.0
:3. 0 24 ±1.3 ±2.0
3.6 12 ±1. 1 ±2.2
4.0 21 ±1.6 ±3.0

Av. ±1.1 ±2.5

a Optical values obtained are for solntion.s of a final volume of 50 ml.
each containing 2 ml. of gum arabic solution and 1 ml. of Nessler reagent.

is put into use. The useful lifetime of Nessler reagent was found
in this laboratory to be approximately 3 months, during which
time it served for some 1000 detcrminations.

Table XI. Sensitivity and Accuracy of Ammonia Deter
minations Based on l\feasurements of Light-Scattering

Effect Produced by Nesslerized Solutions"
Auunonia fi.lean Maximum
~itrogen No. of Deviations, Deviations,

Concn., 1'/MI. Readings % of Average % of Average

0.1 18 ±6 ±IO
0.2 18 ±9 ±Il

.-lev. ±7 5 ±Il

Reagents. AMMONIUM SULFA'I'E STOCK SOLUTION, containing
100 mg. of ammonia nitrogen per liter. Approximately 0.48
gram of C.P. ammonium sulfate is dissolved in 1 liter of redistilled
ammonia-free water. The exact ammonia concentration of this
solution is determined by steam-distilling aliquots of 50 and 100
m\. in the presence of magnesium oxide, collecting the distillates
in an excess of standard acid, and titrating them with standard
ized base. The average result of four or five such determinations,
expressed in milligrams' of ammonia nitrogen in 1 liter of am
monium sulfate solution, defines the concentration of this am
monium sulfate solution.

AMMONIUM SULFATE STAI\'DARD SOLUTION, prepared by diluting
tenfold with redistilled water the solution containing 100 mg. of
ammonia nitrogen per liter. The concentration of the diluted
standard is 10 'Y of ammonia per milliliter.

NESSLER REAGENT, JACKSON'S MODIFICATION (61). This solu
tion should be stored at room temperature in the dark. It can
be used 4 days after preparation.

GUM ARABIC SOLUTION (60)'. In purifying the crude gum
arabic solution by adding Nessler solution, it was found preferable
to let the mixture stand to settle for at least 4 weeks instead of
the recommended (60) 10 to 14 days. Any sediment becoming
visible in the purified gum arabic must be removed by filtration.
It is advisable to prepare 2 liters of this gum arabic solution for
each liter of Nessler reagent prepared for use in the following
procedure.

Apparatus. A Beckman Model DU spectrophotometer.
Procedure. . CONSTRUCTION OF CALIBRATION CURVE. Pipet

into 150-m\. beakers freshly rinsed with dilute hydrochloric acid
and then with redistilled water each of the following aliquots
taken from the ammonium sulfate standard solution: 0.5, 1.0,
1.5, 3.0, 5.0, 8.0, 10.0, 12.0, 15.0, 18.0, and 20.0 m!. These
aliquots in their final volumes of 50 m!. give the ammonia nitrogen
concentrations listed in column 1 of Table XI. Add to each
aliquot in these eleven beakers and also to a twelfth empty beaker,
redistilled water until the total volume is ca. 40 m!. Stir each of
the solutions, and while stirring vigorously add 2 m!. of the gum
arabic solution and then 1 m!. of the Nessler solution. Continue
stirring for about 10 seconds and then transfer each nesslerized
sample to a 50-m\. glass-stoppered volumetric flask. Make each
solution up to volume by adding water used previously to rinse
out the beaker. Stopper each flask, shake well, and allow to
stand for 3 hours at room temperature. Measure the absorbances
of these solutions in l-cm. cells using the Beckman spectro
photometer at wave lengths 400, 420, and 450 mit against redis
tilled water as a blank. For a calibration curve at least six density
readings for each concentration are made and their averages used
to plot the curves, a typical set of which is shown in Figure 4.

DETERMINATION OF AMMONIA CONTENTS OF DISTILLATES.
Take for the analysis duplicate aliquots of the distillates contain
ing preferably between 50 and 150 'Y of ammonia nitrogen. Place
each aliquot in a 150-m\. beaker previously rinsed as described,
make up to ca. 40 m!. with ammonia-free water, and proceed as
described in the preceding paragraph. If the aliquot taken is
larger than 40 mI., concentrate to that volume before proceeding
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Table XIII. Anunonia Content of Distillates Containing
AD1D1onia as Onl}' Base

C. DEVARDA METHOD FOR DETERMINATION OF NITRATES

During steps A to M, inclusive, of the analytical scheme, all the
distillable ammonia, including that derived from glutamine and
asparagine, has been removed from the aqueous tobacco extract.

{5.03 1
+4.05.04 500] 5.00

4.96

14.94)
+3.42 4.84 j4.84 f 4.88

,4.87)

r99

}
3 4.98 4.94 4.97 +3.4

4.99

(columns 5 and 7) show clearly that reproducible values are
obtained. The accuracy of this procedure is illustrated by
Table XIII, in which are shown the ammonia nitrogen contents
of three .distillates containing ammonia as the only base. The
values in brackets are the results of replicate determinations. The
agreement between the Nessler values and titration values is
satisfactory for all three samples.

Hence, any ammonia formed on reducing the extract after step M
can originate only from nitrates, especially since 110 indications
were found of the presence of amounts of nitrites or of
hydroxylamine in the aqueous tobacco extracts. Of the various
methods for reducing nitrates to ammonia, the reduction in an
alkaline me::lium by Devarda alloy was preferred to the reduction
by metals, or by other reducing agents in an acidic medium. In
the Devarda method (19), the newly formed ammonia is immedi
ately removed by distillation, whereas the reduction in acid re
quires subsequent steps for the neutralization, alkalinization, and
distillation of the ammonia derived from the nitrates. Moreover,
in the usually employed reduction of nitrates with metallic iron
and subsequent alkalinization of the solution, voluminous pre
cipitates of iron hydroxide are formed that interfere both with
the ammonia distillation and with the final analysis of the distil
lation residue, P.

The reason for discussing here the well-known reduction of
nitrates by Devarda alloy is that two precautions were found to
be essential with this method for obtaining accurate values for
the nitrates in tobacco extracts.

The first precaution is to perform the reduction at a very low
alkalinity; the second is to use a large excess of Devarda alloy.
'Without these precautions, the reduction of the nitrates in frac
tion L tends to be incomplete.

Alkalinity during Devarda Reduction. That the reduction of
nitrates to ammonia by Devarda alloy can yield low values if
carried out in a 5% (w./v.) sodium hydroxide solution, as usually
recommended, has been reported by Brabson and Karchmer (10)
and by Drouineau and Gouny (21). According to these authors,
the interference of the nitrate reduction is not caused by the alkali
itself, but by small amounts of silica that are leached by the boil
ing alkali from the walls of the distillation bulb in amounts suffi
cient to poison the surface of the Devarda alloy for the reduction
of the nitrates. These same authors found that these difficulties
can be overcome by substituting magnesium oxide for the caustic
alkali solution.

Use of Large Amounts of Devarda Alloy. Even in the presence
of magnesium oxide, the reduction of the nitrates in tobacco ex
tracts does not always proceed smoothly and to completion, in
spite of the fact that the amounts of hydrogen generated in the
reaction mixture are obviously sufficient to reduce all the nitrates.
Inasmuch as the nitrate reduction occurs catalytically on the
metallic surface of the alloy, the insufficient reduction is obviously
caused by the presence in fraction L of unknown tobacco com
ponents that poison the surface of the Devarda alloy.

The possibility that sulfur-containing compounds are responsi
ble for this poisoning effect was excluded by model experiments
with potassium nitrate solutions containing added hydrogen
sulfide, cystine, and other sulfur-containing compounds. None
of these compounds retarded the reduction of the nitrate to
ammonia. The type of interfering substances was indicated,
however, by other model experiments with potassium nitrate
solutions to which had been added asparagine, a compound that
is present (as shown by the analytical results for fractions Bl and
B2 and by some recent work with paper chromatography) in
appreciable amounts in most tobacco extracts. In the presence
of asparagine, the reduction of nitrate to ammonia was con
siderably retarded, and failed to go to completion. This effect is
identical with that observed in the Devarda reduction (i)f fraction
L. Moreover, it was found that analytically detectable quantities
of nitrogen were retained in the Devarda mud (fraction Q), and
that a corresponding quantity of a-amino nitrogen of the added
asparagine disappeared. All this indicates that asparagine and
possibly related substances, such as aspartic acid and glutamic
acid, act as poisons for the nitrate reduction.

The difficulties described above can be overcome by using a
large excess of Devarda alloy which,- together with magnesium
oxide, is added to fraction L prior to distillation. Specifically, it
was found that a complete and sufficiently fast reduction of the

Correction
Applied in

Nessler Detn .•
-yNH,N

Ammonia Content, i\Ig. N
Titration Nessler Average

Distillate
No.

The reasons for the varying light-scattering capacities of solu
tions that are nesslerized on different days under apparently
equal conditions are not completely clear. Miller and Miller (47)
as well as Thompson and Morrison (65) have discussed the vari
ables that affect the color development in nesslerized ammonia
solutions, and have pointed out that the temperature, the method
of mixing, and the length of time for color development are im
portant factors.

In experiments in which these variables were kept rigidly con
stant, the "daily variations" discussed above could not be elimi
nated. Hence, it seems that certain, not easily controllable
changes in the Nessler reagent and in the colloidal gum arabie
solution are re.sponsible for the irregularities observed.

ACCURACY OF DETERMINATIONS OF AMMONIA IN DIS'l'ILLA'I'ES
OF ANALYTICAL SCHEME. Of the fractions and subfractions
analyzed for ammonia in following the stepwise scheme of tobacco
analysis, distillates G and 0 and the distillates obtained from AI,
Bl, and B2 give satisfactory values, deviating in the average by
not more than 2 to 3% from the correct ammonia contents. This
can be shown by independently calculating the ammonia con
centrations of these distillates from their contents of total volatile
bases (found by titration) and from their contents of alkaloidal
bases (found by spectrophotometry).

Only the ammonia content of fraction, M, which is obtained
by a 5% alkali distillation, frequently shows a less satisfactory
agreement (discrepancies up to ±5%) between the values based
on titration and Nessler determination. Furthermore, this same
fraction M, contrary to the other ammonia-containing distillates,
shows a slight anomaly, as the ammonia values obtained from the
three readings at 400, 420, and 450 m~ do not agree as well with
each other as do the corresponding values obtained with other
distillates and with the standard ammonia solutions. These
characteristics seem to indicate that fraction M contains, besides
ammonia, small amounts of amines. This conclusion is supported
by the observation that aqueous solutions containing small
amounts of methylamine and dimethylamine yield, on nessleriza
tion, yellow colored solutions that are similar but not equivalent
in their light-scattering capacities to nesslerized ammonia solu
tions of corresponding molar concentmtions. This was also ob
served by Liebhafsky and Bronk (44).
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D. DETERMINATION Of' NICOTINIC ACID

Table XIV. Influence of Amount of Devarda Alloy Used on
Nitrate Determinations

(All values expressed in milligrams per gram of dry tobacco weight)

Nitrate Nitrogen Found as Ammonia in
Distillates after Distilling Fraction L in

Presence of

II 0.72 1.62
1. 51

Av. 0.72 1.57

III 0.81 2.77
0.64 2.63
0.72

Av. 0.79 2.70

IV 2.20 3.30
3.44

Av. 2.20 3.37
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Figure 5. Ultraviolet Absorption Spectrum
of Nicotinic acid

A. Aqueous acid. B. Aqueous alkali
Specific ab80l'bancies plotted. are those of a solution
containing I grain of nicotinic acid per liter in a I-cln.

cell lDeasured against pure solvent

20

10

40

60

50

be used only for fractions from which all the pyridine derivatives
other than nicotinic acid have been quantitatively removed.
Fraction P of the analytical scheme, an aliquot of which is used
for the determination of nicotinic acid, fulfills this condition, be
cause, in the previous step of the analytical scheme, this fraction
has been freed from alkaloids and from those alkaloid transforma
tion products that are precipitated by silicotungstic acid. There
is, however, always the possibility that some unknown pyridine
compounds are still present associated with nicotinic acid in
fraction P.

A way out of this difficulty is making use of the fact that nico
tinic acid can be selectively extracted with ethyl ether from its
aqueous solution at pH 3 and that the amounts of the extracted
acid can be easily and accurately determined by its transfer into
aqueous solution, and measurement of its ultraviolet absorption
spectrum in this medium.

By employing this procedure interfering substances are elimi
nated and one of the principal objections against the colorimetri.c
methods-namely, the necessity of strict control of the numerous
variables affecting the results-is overcome.

Dann and Huff (17) have shown that nicotinic acid, although

3.49

Insufficient Devarda 2 g. of Devarda alloy
alloy per 1 g. tobacco

2.52 3.61
2.25 3.47
2.40 3.39
2.39 3.48
2.04

Av. 2.42

Sample
No.

I

nitrates was achieved for all the tobacco samples so far analyzed
in this laboratory by adding 2 grams of the alloy for every gram
of tobacco present in fraction L.

This is illustrated by the data listed in Table XIV. That the
higher values for nitrate nitrogen obtained in using the large
amounts of Devarda alloy are correct has been proved for a con
siderable number of samples by checking the method described
here with the analytical method for nitrate determination in
tobacco described by Vickery and Pucher (55, 69). Excellent
agreement was obtained between the values found by both
methods (68). The reagents and procedure are presented above.

Because of the general interest in nicotinic acid or niacin as a
component of the vitamin B complex, an extensive literature
exists on the analytical determination of this compound. Handler
in 1948 reviewed the literature on niacin, including the analytical
methods used for determining this compound (33). Essentially
two kinds of analytical procedures have been developed, based
on either biological or chemical methods.

Of the chemical methods, the 'most frequently employed pro
cedure involves the color reaction, first observed by Konig (42)
among nicotinic acid, cyanogen bromide, and an aromatic amine.
As Handler points out, in almost each publication on this method
a new modification is recommended, principally of the aromatic
amine employed for the color development. In spite of their
popularity, these procedures based on the Konig reaction have
not proved to be very practical, because a number of variables
have to be strictly controlled to obtain dependable results (31,
33,37,51).

A second chemical method makes use of the fact that on
reaction with pyridine compounds under certain conditions, 2,4
dinitrochlorobenzene forms products which on alkalinization yield
a purple color (40,73,74). The instability of the colors obtained
by this method and the time-consuming procedures have com
bined to make this analytical method unattractive. For several
years this procedure was used in this laboratory for semiquanti
tative work. It was finally given up in view of its inherent dis
advantages.

Isolation and Determination.of Nicotinic Acid. Both colori
metric methods when employed for the determination of nicotinic
acid in tobacco respond not only to nicotinic acid, but also to other
pyridine derivatives, such as nicotine, related alkaloids, and their
transformation products. As these other pyridine derivatives
are present in most tobacco samples in very much larger quanti
ties than nicotinic acid, the colorimetric method can obviously
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G Pennsylvania Seedleaf, U. S. Type 41.
b Multiply by 8.79 to convert into milligrams of nicotinic acid.

Table XVI. Nicotinic Acid Contents of Some Typical
Fennented Cigar Tobacco SamplesG

(All values are in milligrams of nicotinic acid nitrogen b per gram dry tobacco
weight)

Table XVI lists the nicotinic acid contents of some typical
fermented cigar leaf tobaccos. In each case the nicotinic acid was
determined in fraction P of the stepwise analytical scheme by
following the procedure described below. Samples la, Ib, and Ie
are triplicate aliquots of the same fraction P, while samples 2a
and 2b are duplicate aliquots of another fraction P. The results
for the three aliquots of sample 1 and for the two aliquots of sam
ple 2 illustrate that the method is sufficiently reproducible.

Table XV. Recovery of Nicotinic Acid by Extraction with
Ether at pH 3 and Measurements of Ultraviolet Absorption

Spectrum
(Values are in milligrams of nicotinic acid nitrogenB)

Nicotinic Acid Nitrogen
Nicotinic Acid Found

Nitrogen in In extraction Recovery,
100 Ml. Water In extract residue %

0.119 0.114 nil 95.7
0.119 0.115 nil 96.6
0.598 0.586 nil 98.0
0.598 0.585 nil 97.8
I. 195 1. 163 nil 97.3
1. 195 I. 170 nil 97. 9

a lVIultiply by 8.79 to convert into milligrams of nicotinic acid.
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of nicotinic acid were isolated from tobacco, using a special solvent
extraction method that included, as an important step, an ether
extraction of the acid from an aqueous solution at pH 3. Mter
subsequent purification of the extracted substanee by fractionated
vacuum sublimation, it was identified as nicotinic acid by its
melting point (no depression of melting point on admixture with
authentic nicotinic acid) and by its ultraviolet absorption spec
trum which was identical with that shown in Figure 5.

In other experiments the niacin contents of several tobacco
extracts were determined by microbiological assay. The same
extracts were analyzed for niacin by the method described below.
In every case the results found by microbiological assay agreed
well with those found by the method described here.

Apparatus. A Model DU Beckman spectrophotometer and a
continuous liquid-liquid extraction apparatus (No. 6840, Ace
Glass, Inc., Vineland, N. J.).

Reagents. Ethyl ether, analytical reagent grade.
Hydrochloric acid, 2.5N. One part of concentrated hydro

chloric acid, ACS, diluted with 4 parts of optically pure distilled
water.

Distilled water, spectroscopically pure.
Procedure. Take an aqueous solution in which the nicotinic

acid content is estimated to be at least 1 mg. (0.11 mg. of nico
tinic acid nitrogen). In the stepwise scheme of analysis the frac
tion taken for this purpose is fraction P. Adjust the pH of the
solution to ca. 3 (pH test paper may be used) and place in the
extraction chamber of a liquid-liquid extractor. Extract the
aqueous solution (ca. 100 m\.) with ethyl ether. Adjust the boil
ing rate of the ether in the boiling flask so that 4 to 5 ml. of ether
pass per minute through the aqueous solution for 21 hours.
With quantities of nicotinic acid up to 5 mg., 21 hours should be
sufficient for complete extraction under the stated conditions.
Nevertheless, the completeness of the extraction must be checked
by continuing the extraction after the 2] hours have elapsed,
using a second portion of ether in order to make sure that all of
the niacin has been extracted.

When the extraction is complete, separate the ether layer from
the aqueous phase in the extraction chamber by decanting it into
the ether extract contained in the boiling flask, then remove the
aqueous extraction residue from the apparatus, taking care not
to allow any of the aqueous solution to run into the side arm of
the extractor. Wash this side arm with spectroscopically pure
distilled water and place these washings in a distillation bulb.
This precaution is advisable because minute quantities of nico
tinic acid may be deposited in the side arm of the extractor owing
to its very low solubility in ethyl ether. Add more distilled
water to make the total volume in the distillation bulb 20 to 30
m\. and place the ether extract from the boiling flask on top of
this aqueous phase. Rinse the boiling flask with ca. 10 ml. of
distilled water and add this water to the distillation bulb. Cau
tiously distill the ether off. When all of the ether has been re
moved from the aqueous solution, transfer this solution, contain
ing the nicotinic acid, to a glass-stoppered volumetric flask and
make to volume. Pipet an aliquot of the aqueous extract con
taining ca. 1 mg. of the compound into a 5Q-ml. glass-stoppered
volumetric flask, add 5 m\. of hydrochloric acid (ca. 2.5N), and
make to volume. Determine the ultraviolet absorption spectrum
of this solution in the Beckman spectrophotometer. Calculate
the .nicotinic acid content of the sample from the absorption
curve, after applying a correction in a way corresponding to that
described by Willits et al. (79) for nicotine.

The authors appreciate the advice of H. R. Hanmer, Research
Laboratory, American Tobacco Co., Richmond, Va., who directed
their attention to the Tashiro mixed indicator. They express
their sincere thanks to Abner Eisner, Eastern Regional Research
Laboratory, U. S. Department of Agriculture, Philadelphia, for
many of the samples of alkaloids, particularly nornicotine and
anabasine, and to R. F. Dawson, Department of Botany, Colum
bia University, for the microbiological assays of nicotinic acid.
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Acid Nitrogen

0.49
0.40
0.39

0.31
0.33

a
b

a
b

Aliquot

2

Fraction C
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Sample No.

1

sparingly soluble in ethyl ether, can be extracted by that solvent
in a continuous liquid-liquid extractor from its aqueous solution
at pH 3. Some data on the ultraviolet absorption spectrum of
nicotinic acid have been reported by Hunecke (34), by Hughes,
Jellinek, and Ambrose (35), and by Brode (11).

The ultraviolet absorption spectrum of nicotinic acid in aqueous
acid and in aqueous alkali has been quantitatively measured in
this laboratory. The spectra are shown in Figure 5. From these
measurements, a value of 4].6 was determined for the specific
absorbancy of nicotinic acid at its absorption maximum (261 mJ'
in an acidified solution). This laboratory also confirmed the
findings of Hughes et al. (35) that Beer's law is valid for strongly
acid solutions (pH < I) of the compound, and that the absorb
ancies of such strongly acid solutions, for every concentration of
nicotinic acid, are at a maximum, and not affected by further
decreases of the pH.

Application of Method. To verify the observation of Dann and
Huff concerning the extractibility by ether of nicotinic acid and
to determine the accuracy of its quantitative determination by
measuring its ultraviolet absorption spectrum, a number of ex
periments were undertaken using pure nicotinic acid. Table XV
shows typical results of these tests in which known amounts of
pure nicotinic acid were used. In no case is the recovery of the
nicotinic acid less than 96%, a result which can be considered
satisfactory for the assay of this compound in tobacco samples.

As there is still a remote possibility that the pyridine com
pound determined by this method is not nicotinic acid, but an
unknown substance of very similar properties, a reliable identifi
cation of nicotinic acid appeared desirable.

As described in previous papers (27, 30), substantial amounts
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Differential Method for Precision Colorimetric Analysis
ANDERS RINGBOM AND KURT OSTERHOLM

Department of Analytical Chemistry, Abo Akademi, Abo, Finland

COLORIMETRIC and spectrophotometric analyses are
now carried out almost exclusively by means of photo

electric instuments, and the sensitivities of the photoelectric
cells are as a rule remarkably high. However, if absolute meth
ods are used-Le., if the transmittance of a solution is meas
ured-the full sensitivities of the cells are only seldom utilized.
Only a small fraction of the maximum possible photocurrent
passes through the galvanometer, the intensity of the light source
is considerably teduced, or the devices for balancing the photo
eurrent are not sufficiently accurate. Colorimetric comparison
methods, on the other hand, are theoretically more accurate, but
they are not very convenient, as they demand very careful work,
and hence have not acquired much popularity.

Recently, Hiskey (5), Bastian (2, 3), and coworkers have shown
that the precision can be considerably enhanced by using a dif-

ferential method in which the transmittance of the unknown
solution is measured in relation to a standard solution and. not,
as is usual, in relation to the solvent. Hiskey, Rabinowitz, and
Young (6, 7) have elucidated the theoretical basis of this method
and calculated the precision attainable with some types of com
mercial instruments.

Compared with the usual methods this differential method has
undoubtedly many advantages, but it seems questionable
whether it is always possible to utilize fully the sensitivity of the
photoelectric instruments. First, the method demands reference
standards with a high absorbance; if the sample solution has a
medium or low absorbance it is not possible to take full advantage
of the sensitivity of the instrument. Secondly, very carefully
calibrated cuvettes are required; if only one cuvette is used in
order to dispense with calibration, the emptving. refilling. and



VOL U M E 25, N O. 1 2, DEC E M B E R 1 953 1799

A differential method for colorimetric analysis makes it possible to utilize the
sensitivity of photoelectric instruments more effectively than is usual.
The precision of the method and the most favorable experimental conditions
have been elucidated on the basis of theoretical considerations. When analyzing
copper perchlorate and iron o-phenanthroline solutions, results accurate to
within 1 to 2 parts per thousand were obtained. The method avoids errors
caused by imperfect construction and positioning of the cuvettes and does not
demand standard solutions of very high absorbance as are usually required in
differential precision methods. If the standard is suitably chosen, the derived
equations give satisfactory results even if Beer's law is not valid; relatively
simple filter photometers can therefore be used.

COWRIMETRIC COMPARISON METHODS

There is an important difference between absolute methods and
comparison methods. Accurate absolute methods in which the
absorbance of an unknown solution is measured demand mono
chromatic light. Polychromatic light causes deviations from the
absorption law, and hence empirical calibration curves are re
quired. It is difficult to attain a high precision under such condi
tions. Comparison methods are based on other principles. The

(1)i=k'!J

or

use of monochromatic light offers little advantage, whereas the
use of polychromatic light can lead to a considerably enhanced
precision.

In order to make the theoretical principles clear, they can bc
applied with reference to a two-cell instrument of the type il
lustrated in Figure 1. The principles can, of course, be extended
also to other types of instruments.

When the absorbance of a solution is measured with the two
cell instrument, the scale units of the galvanometer (scale 0 to
100) indicate directly the percentage absorption. The 0 point is
adjusted by means of the iris diaphragm, the 100 point by means
of the shutter and the galvanometer resistor. The experimental
conditions most favorable for comparing two almost identical
solutions when one solution is substituted for the other can be
defined. It is assumed that the lamp intensity is always the
same.

A high precision is attained if the relative error per scale unit
is as low as possible. In other words, if the photocurrent is des-

ignated by i and the concentration bye, the quotient ~ / di

should be as small as possible. The considerations should not be
based on Beer's law, and hence the sole assumpti@n is that the
photocurrent is proportional to the intensity, I, of the light reach
ing the photocell. Consequently

where k" is a constant that depends on the composition of the
light used. Each color filter of a filter photometer has thus a k"
value of its own.

For simplicity, I is expressed in percentage transmittance and
the photocurrent, i, in galvanometer units at maximum sensi
tivity; k).. is then the number of scale units of the galvanometer
per 1% transmittance. Since di = k" dI,

~/di = dIn clhdI (2)

Error, ~ = (Ae X 100)/Ai = 230/ (k" X~) (3)
Scale umt e d log e

In order to. determine the minimum error, it is thus necossary
to know the value of k" and the differential quotient. These
two quantities can easily be determined in the following way (9).

The cuvette is filled with water, and the optical scale of the in
strument is adjusted so that the galvanometer deflection indi
cates the percentage absorption. Small amounts of a dissolved
colored substance are then added to the cuvette until the per
centage absorption of the solution is, for example, 1%. If the
resistor of the galvanometer is then adjusted to give the maxi
mum sensitivity, the galvanometer needle wiJl indicate k" scale
units. The differential quotient dI/d log c .can be determined
graphically by plotting the transmittance of a solution as a fUllc
tion of the logarithmic concentration of the colored compound.
Figure 2 and Table I illustrate this method. The optimal condi-

+
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Two-Cell Filter Photometer

1. LaRlp
2,3. Barrier layer cells
4. Cuvette
5.6. Color filters
7. Iri8 diaphragnt
8. Shutter
9. GalvanoDleter

10. Resistor
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repositioning of the cuvette can lead to considerable error, es
pecially if barrier layer cells are used (fatigue and recovery phe
nomena). Thirdly, the method assumes validity of Beer's law.
It is true that Hiskey and Young (7) have developed a method for
correcting the results when Beer's law is not valid, but the method
of correction is not very simple and takes considerable time.

In order to avoid the disadvantages mentioned, a new type of
differential method has been developed. This method offers
several advantages compared with the method of Hiskey. It
always takes full advantage of the sensitivity of the photocell, and
no high absorbance reference standards are required. The maxi
mum precision is attained with medium absorbance standards.

Furthermore, the method gives correct results independent of
the validity of Beer's law. If the reference standard is suitably
chosen, the equation used in the calculations is valid for white
light as well as for monochromatic light; relatively simple filter
photometers can therefore be used. The method avoids errors
due to imperfect cuvettes and to the positioning of the cuvettes.

On the other hand, in performance the method is not so simple
as the method of Hiskey. Moreover, the attainable precision is
diminished by the fact that the entire volume of the standard is
not replaced by the unknown.
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Figure 2. Translllittance of Cobalt Sulfate
Solutions as a Function of Logarithlllic Con

centration

tions for determining cobalt on the basis of the red color of cobalt
sulfate solutions (10) were determined using an instrument of the
type given in Figure 1 (Lange photometer with galvanometer
sensitivity of 9 X 10-9 A. per scale unit). The inflection points of
the curves correspond to the optimal concentrations. The color
filters used were far from monochromatic.

The results show that the error per scale unit attains its smallest
value when no color filters are used and the concentration is
about 15 grams of cobalt per liter. However, these arguments
are purely theoretical, and in practice other factors must also be
considered. Above all, the high intensity of the light when no
filters are used results in a poor time stability of the photocurrent
owing to the rapid fatigue of the photocells. Moreover, the in
flection point of the curve occurs at a rather large concentration.
A.s the difference in the error when working without filters and
when working with green filters is not very large, an experienced
chemist would prefer to use green filters in a comparison method.

(4)

Error per Scale Unit.
%b
230 ]

k" X dIld log c

0.025
0.041

About 0.06
0.19

15
3

>20
2

57
65

About 65
65

Cz = C2 (1 + K ~)

162
86
56
19

Filter

No filter
Green
Red
Blue

Table I. Calculation of Minilnuln Error per Scale Unit
froln Logarithlnic Absorption Curve of Cobalt Sulfate

Solutions
Optimal

Concentra
tion, Grams

of Cobalt [
-dI/d log c b per Literb

water is added from a calibrated pipet. The dilution causes a
change in the galvanometer deflection of Of. scale units. In this
way the relationship between the galvanometer deflection and
the change in concentration is obtained. The water volume
should be so small th<1t the galvanometer scale is not exceeded,
but large enough so that Of. is more than half the scale units.

By means of the iris diaphragm, the galvanometer is again
adjusted to the end point of the scale. Which of the two end
points is used depends on whether the unknown solution has a
greater or lesser absorption than the diluted standard. A
known volume of the sample solution is then added t<> the cuvette
containing the diluted standard solution, and the corresponding
change in galvanometer deflection, f3 scale units, is measured.

a Scale units per 1% transmittance.
b At the inflection point.

The concentration of the unknown solution Cz can now be cal
culated from the equation

where Co is the concentration of the diluted standard and K is a

constant. It is possible to choose the standard solution so that K
can be calculated solely from the volumes added. This will be
clear from the derivation given below in which the following sym
bols are used:

/I

-~ -r--- ......
..... ........ r-...... I"-

0
btu ~r~~n ...... r-- [lOlilt~~N

" "- "\.. r\.. \.. "-
0 ,-' "r-.. r'\..

"~~

o.t 02 Q4 D.6 at I 2 4 6 , 10 20glo
,

,
1DO

From the way in which the analysis is conducted, it follows that

"1Ia(C2 + Aco) = VzCz + V,co (5)

All the quantities in this equation are known except Cz and AC2.

In order to express Ac, in known quantities, the following equa
tion is used.

These considerations are not based on Beer's law. If the law
were valid, dIld log e would reach its maximum value of 84%
transmittance per logarithm unit when I = 36.8% transmittance,
and the minimum error would be 2.7/k,,% per scale unit (1, 9).

It might seem that a very high degree of precision could be at
tained with a titration technique in which a standard solution is
diluted until its transmittance is the same as the transmittance of
the sample solution. However, many difficulties may be en
countered when such a method is used. The time required for a
determination is so long that the state of the photocells may alter.
If different cuvettes are used for the standard and for the un
known solution, the calibration of the cuvettes must be very care
fully performed; to use the same cuvettes for the two solutions is
inconvenient, takes time, and may lead to errors. On the whole,
the precision attainable would be considerably lower than ex
pected.

Volume

Concentration

Trall8mittance, %

Absorbance

Change in galvan
ometer deflection

Solution 1
(Standard
Solution)

Vi

Cl

Solution 2
(Solution 1 +

v, Ml. of Water)

y, = V, + v,
V,

c') = ~Cl

Solution 3
(Solution 2 +

vz Ml. of Sample
Solution)

V, = V, + Vz

Ca =C2+aCt

I, = I, + !J.I,

Furthermore

As the photocurrent was assumed to be proportional to the light
intensity,

(6)

(7)

(9)

(8)

dI/de dI
-c- = dIne

Taking into account the transmittance changes, !!.II and 61" the
followed equation is obtained.

!!.II 6c, X Cl (dI) / ( dI )
AI2 -;; i!.cl = d In C 1 d In C ,

NEW DIFFERENTIAL METHOD

An analysis with an instrument of the type shown in Figure 1
illustrates the principle of the new differential method. How
ever, the method does not presuppose an instrument of this
type; any instrument which allows the balancing of the photo
current is suitable, provided that the galvanometer is sufficiently
sensitive and the cuvette is of such size that the volume above the
light beam is fairly large. The titration cuvettes described by
Walter (11), by Osbom, Elliott, and Martin (8), and by Goddu
and Hume (4) seem suitable.

A carefully measured volume of the standard solution is
transferred to the cuvette. By means of the iris diaphragm the
photocurrent is then balanced until the galvanometer needle at
maximum sensitivity attains the end point of the scale cor
responding to the largest absorption. A small volume of pure
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(14)

(19)

(20)

K = -va/v.

MODIFICATION OF THE METHOD

The differential method described can be slightly modified if
the volume of the cuvette is not sufficiently large by removing
part of the solution before adding v.. It is convenient to re
move exactly v. ml. In this case V2 = V3, and Equation 17 will
change into

The simplest expression for K-Le., Equation 13-can be used
within a certain concentration range, and if this range is to be
determined the above procedure may be repeated.

By successively adding Vo ml. of water to VI ml. of solution, the
volume and the galvanometer sensitivity always being kept con
stant, a series of a values-i.e., ai, a2, <..-can be obtained. The
ma:'l:imum value of a corresponds to the optimal standard solu-,
tion, and a remains almost constant in a range on the both sides of
this value (Table II).

The exact errol' per scale unit or pel' percentage transmittance
can be determined very precisely from these a values, since it can
readily be shown that

Error, .% = ~c/c X 100/M = ~~ X 100 (18)
1% transmittance V2 a

It is assumed that the maximum sensitivity of the galvanometer
is used. However, for the determination of the maximum a
value and of the optimal concentration range such a high ac
curacy is net required. For this purpose the sensitivity of the
galvanometer and the volume Va can thus be chosen at will.

The equation for calculating c. is then simply

[
Vo fJ]c,=c2 1 --X-
v. a

The pipet used when removing v. should not be dry-i.c., the
outflow volume should be measured.

(13)

and the constant of Equation 4 is consequently

Equations 5 and 10 give

c. = C2 [1 - ~: X~ X(d~gJj (cl~J2 X~J (Ill

The relationship between the differential quotients in Equation
7 can be expressed in Briggsian logarithms, and from Equations
7,8, and 9

~ X~C2 XV 2 = (dI) / ( dI ) (10)
fJ C2 Vo - d log C I d log C 2

If the two differential quotients of this equation are equal, the
constant K can be calculated from the volumes only-Le.,

K - - V 3 X ~ X (_9l-) / (~) (12)
- V 2 V. d log C I d log C 2

The question arises whether such a simplification is actually
possible. It can be seen in Figure 1 that close to the inflection
points of the curves the differential quotients change very slowly,
and in this region the simplification is justified. In other words,
the standard solution should have a concentration not far from
that corresponding to the inflection point. The use of such a
standard offers two advantages: Maximum accuracy is attainable
and the mathematical equation required in the calculation is
simpler.

The derivations made above are not based on Beer's law, and
consequently they are valid for polychromatic light as well as for
monochromatic light. It can easily be shown (1,5,9) that when
Beer's law is fulfilled, the following relationship is valid:

(d ~~ c)j (d ~~ C)2 = ~:~:
Consequently PRECISION OF THE METHOD

Consequently

In this way constant K can be precisely determined for a stand
ard solution of arbitrary concentration.

The attainable precision depends, of course, on the instrument
used and on the experimental conditions, but the error can be cal
culated on the basis of some general considerations. Calculation
of the relative errol' when two solutions are compared was de
scribed earlier. However, the differential method described here
presumes two readings, and the sample solution and the standard
are not directly compared. The accuracy, therefore, depends on
the volumes used. The volume Vo should be chosen so that - a
is as large as possible. On the other hand, a small value of fJ
and a large value of Vz are advantageous.

As an example, the theoretical accuracy of the experimental
work can be calculated. The simple Equation 20 was used, and
the volumes were: VI = 120 ml., V 2 = V 3 = 125 ml., Vo = 5
ml., V. = 50 ml. It is assumed that the errors in reading a and
fJ are ±0.5 scale unit and that they cause errors in the same direc
tion. The results are presented graphically in Figure 3. It can
be seen that the theoretical maximum error will not exceed ±0.2%
if a is more than 60% of the scale.

The errors caused by inaccurate measurements of the volumes
can easily be calculated. If the volumes mentioned above were
measured with an accuracy of ±0.01 ml., the errors from this
source can be neglected, but if very small cuvettes are used the
volumes will have to be measured with a higher degree of ac
curacy.

It may be advantageous, although not necessary, to dilute the
unknown solution before the analysis to a concentration approxi
mately equal to the standard solution or preferably to a slightly
lower concentration. If no preliminary dilution was made, v.
should be added not from a pipet but from a sufficiently ac
curate buret in order to prevent fJ from exceeding the scale. If fJ

is smaller than a and of opposite sign, no adjustment of the gal
vanometer is necessary before adding v•.

(17)

(16)

(15)

It might not be possible to choose a standard solution with the
most favorable concentration; this is the case if very low con
centrations are measured. If the Beer's law is valid, K can then
be calculated from Equation 15, but if polychromatic light is used
K must bEl computed from Equation 12-Le., the value of the

quotient (d ~~Jj (d ~~J2 must be known.

This quotient can be determined graphically from curves like
those in Figure 1 as shown by Ringbom (9). However, this
procedure is not very accurate, and the following more accurate
procedure is suggested.

V I ml. of the standard solution are added to the cuvette and
the galvanometer needle is adjusted to the point of largest
absorption by means of the iris diaphragm.. Then Vo ml. of
water are added from a pipet. The corresponding change in
galvanometer deflection is al scale units. The galvanometer
needle is again adjusted to the end point of the scale, and Vo ml.
of the solution are withdrawn and replaced by an equal volume
of water using the same pipet. The change in galvanometer
deflection is a2 scale units.

Since ~Cl/Cl = ~C2/C2 it is obvious that

~/~_MI_~
~ log Ct ~ log C2 - ~I2 - a2
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" Red color filters; k"h = 56.5.

Table III. Deterntination of Copper and Iron Using
Differential Method"

f {VI = 120 M!.
a or va = 5 Ml.

-56.2
-59.7
-64.2
-67.7
-71.0
-75.2
-77.2
-78.7
-80.2
-80.0
-80.5
-80.2
-79.5
-79.0
-78.2
-76.0
-74.0
-72.0

Standard Trans-
Solution, mittance, Error,
Copper % a {J %
1. 080 b 59.0 -56.6 23.0 -0.02
1.176 56.5 -56.8 22.5 -0.14
1.176 56.5 -59.0 24.7 +0.08
2.480 32.5 _66.5 27.5 -0.04
2.480 32.5 -66.0 27.2 -0.05

1
2
3
4
5

Transmittance.
%

15.0
16.0
18.1
20.4
22.8
25.1
27.7
30.5
33.3
36.1
38.9
41.7
44.5
47.3
50.0
52.7
55.3
57.9

Table II. Evaluation of Analytical Error by Successiv&
Dilution of a Copper Perchlorate Solution"

Error per 1%
Transmittance, %

( vokA X 100)V,,,,
4.03
3.80
3.53
3.35
3.19
3.01
2.94
2.88
2.83
2.83
2.82
2.83
2.85
2.87
2.90
2.98
3.06
3.15

A constant lamp current is necessary for obtaining accurate
results. The temperature of the standard and of the sample
solution should not be allowed to differ considerably.
: Many of the equations used were obtained by replacing dif
ferentials by differences rather arbitrarily. This is not strictly
correct from a mathematical point of view. However, appreci
able errors will arise only if the sensitivity of the galvanometer is
'poor and if the transmittance of the standard is very far from the
optimum val ue.

~30.-----r-----,----.-----,

EXPERIMENTAL

A number of experiments were performed in order to determine
whether the theoretical accuracy of the method could be at
tained. Copper was determined from the blue color of the copper
aquo ion in copper perchlorate solutions, and iron was determined
from the red color of iron(II) o-phenanthroline solutions. A
colorimeter of the Lange type was used. The maximum sensi
tivity of the galvanometer used was 9 X 10-9 ampere per scale
unit.

When copper was determined, red color filters were used.
Beer's law was valid at transmittances above 50%. The value of
-dl/d log c reached a maximum at about 40% transmittance,
which corresponds to about 2 grams of copper per liter. The
results of a series of a measurements are given in Table II.

-58.8 24.3 -0.06
-59.7 25.0 +0.01
-50.3 21.2 -0.08

V, = V, = 124.37 m!.; Vo = 4.99 m!.;

t 6
c:
tJ......
~ 51--+---+---\,..--f---+---.~
§
Co.-
~ 4\---+-r+----I'\----+--+-.(---..,1-

20!------,2:l':O:----4-:-0::------::6!-:0.,...·----=80-1.

% transmittance
Figure 4. Error per 1 % TransUlittance as a

Function of TransUlittance

monochromatic filters. Tha constant k"h was about 80 scale units
for the filters in question.

The results of copper and iron determinations are presented in
Table III.

The procedure used was the modified method in which part of
the diluted standard is replaced by an equal volume of the sample
solution. Carefully calibrated pipets were used. The solutions
were thoroughly mixed with a stirrer after adding Va and vz . The
undiluted standard was used as sample solution.

The iron phenanthroline color was developed at pH 3.5 (sodium

I. Error when Beer's law is valic:{
2. Error in det:erD'lining copp~t'"

3.. Error in det~~mig.in,!i-rQI\

Iron
6 0.980· 58.0
7 0.980 58.0
8 2.160 37.0

"Volumes. V, = 119.38 m!.;
Vz = 49.91 m!.

b Grams per liter.
C Milligrams per l~ter.

~ O,151----¥---
CI

~

Figure 3. Percentage Error When Error in
Reading a and {3 Is ±O.5 Scale Unit

o O!-----:2~5.------;f50-::-----::7~5--....,.-!,00

0,201-----+-----+-~---+------l

q251-----+----+-----+---,1'---;

It can be seen that a is practically constant at transmittance
values from about 32 to 45%. If the transmittance of the stand
ard is between these two values, the maximum accuracy will be
attained and K can be calculated from Equations 13 or 19.
The values obtained are presented graphically in Figure 4, which
also contains the theoretical curve calculated from the absorption
law.

A similar series of measurements was conducted in order to find
the experimental conditions most favorable for determining iron,
and curve 3 in Figure 4 illustrates the results. When light blue
color filters were used, a and the percentage error were sufficiently
constant in the range of 50 to 60% transmittance, which corre
sponds to about 1 to 1.5 mg. of iron per liter. Thus, a standard in
this concentration range is suitable. At low transmittances the
~eviations from Beer's law are considerable, owing to the non-
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citrate buffer solution), and the reagent concentration was about
<Q.06 gram of phenanthroline per liter. The iron was reduc3d to
the iron(II) state by means of ascorbic acid. The lamp used was
.not the same as that used in the experiments in Table II, hence
the different a values.

As the standards in experiments 4 through 7 were sufficiently
-clese to the optimum values, the results were calculated using
Equation 20, whereas Equation 15 was used for experiments 1
through 3, and Equation 17 was used for experiment 8. The agree-'
ment is satisfactory.
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Ultraviolet Spectrophotometric Determination of
Tantalum with Pyrogallol

JOSEPH I. DINNIN, U. S. Geological Survey, Agricultural Research Center, Beltsville, Md.

In a search for a Illore rapid Illethod for the deter
tnination of tantalulll in rocI,s and Illinerals, an
'intensive study was Illade of the tantalulll-pyrogallol
reaction recoInlllended by Platanov and Krivosh
likov, and a better Illodified.spectrophotollletric pro
cedure is given. The illlproved Illethod consists in
Illeasuring the absorbancy of the tantalulll-pyro
gallol cOlllplex at325 1llP. in 4N hydrochloric acid and a
fixed concentration (0.0175M) of alllllloniulll oxalate.
Beer's law is followed for the concentration range
up to 40 l' per Illi. Sensitivity in terllls of Illolar

K NOWLEDGE of the analytical chemistry of tantalum and
, n[<!lbium has improved considerably since the recent publi.

'cation of a critical analysis of the existing methods by Atkinson,
Steigman, and Hiskey (2). Since that time, among other nwth.
'ods, chromatography on cellulose has been successfully applied
"to the separation and determination of the individual earth acids
!from complex mixtures and ores by Burstall et al. (3), Mercer
1(19), and Williams (29); ion exchange separations using synthetic
ifesins maye been applied to selective mixtures by Huffman,
iddings, and Lilly (7) and Kraus and Moore (11, 12); a solvent
extraction procedure by Leddicotte and Moore (17) has resulted
in the separation of the earth acids from one another; neutron
activation analysis has been applied by Eichholz (4) and Long
(18) to the es.timation of tantalum in the presence of several other
elements.

Although three sensitive colorimetric methods now exist for
the determination of niobium (5, 16, 25), no satisfactory color
imetric method was available for tantalum until recently. Soon
after the work described in this paper was completed a simultane
ous spectrophotometric method for the determination of tantalum
and niobium was reported by Palilla, Adler, and Hiskey (20).
They found that by working with concentrated sulfuric acid it was
possible to shift the spectra of the peroxy tantalates from the
ultraviotllt cutoff and thus make possible the determination of
tlH~t~lum. Titanium and iron give serious interference in this
[letermination, however. If they are not removed by the chloride
folatilization technique (2) or other means, their effect would
/lave to be oiroumvented by the usual series of calculations in
~olving absorbancy measurements at several wave lengths.

The use of the color-forming reaction betwecn tantalum and
pyrQglIUol as the basis for a colorim:etric determination ~~ ta~ta:-.

absorbancy index is 4775. Most interferences are
additive in character and readily correctable. Sepa
rations or Illajor corrections are required in the pres
ence of significant alllounts of Illolybdenulll, tung
sten, antilllony, and uraniulll. The Illethod has
been successfully applied to three ores previously
analyzed by gravillletric techniques. The Illethod
affords greater speed, sensitivity, and reproducibility
in the deterDlination of tantalulll in rocks and Illin
erals.· A Illore reliable technique for preparing
standard solutions of tantaluDl has been developed.

lum was proposed by Platanov, Krivoshlikov, and Marakaev
(15, 23) in 1936. Several studies and numerous applications of
the method have since been made (1, 6, 8-10, 13, 14,21, 22, 26,
27). The reported methods are lacking in sensitivity, however,
and suffer from interferences caused by elements usually asso
ciated with the earth acids in rocks and minerals. Tedious separa
tions are almost always necessary. In addition, most of the work
is reported in Russian journals and is not readily accessible to
English-speaking chemists except in the form of abstracts.

Thanheiser (26) studied the effect of sulfuric acid concentra
tions as high as IN on the absorbancies of the tantalum-, nio
bium- and titanium-pyrogallol complexes. The present investiga
tion extends the range of the hydrochloric acid concentrations
studied to beyond 7N. The improved absorbancy relationships
found at the higher acidities form, in part, the basis for the im
proved analytical procedure described later.

Selection of Acid. Sulfuric acid was the medium used by others
in previously reported work. All of the experimental work with
hydrochloric acid described later was also performed using sul
furic acid for comparison. Sulfuric acid was found to result in
greater interference from niobium and titanium.

Nitric acid oxidized the pyrogallol to a yellow compound, which
made measurements of the tantalum-pyrogallol complex impos
sible. Phosphoric acid depressed the absorbancy of the complex.
Perchloric acid caused precipitation of salts from solution.

Hydrochloric acid was therefore found to be the best of the
common mineral acids for US,e in this work.

GENERAL PROCEDURE

'.!'):le fol!owiIl~ pr9g\l(hm~ fQr th~ !\o!1!tly~is. gf!l typiQ!ll t!lnw,hun-
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Figure 1. Effect of Hydrochloric Acid on Absorb
ancy of Tantalulll-, Niobiulll-, a~~ Titaniulll

Pyrogallol COlllplexes

EXPERIMENTAL WORK

Effect of Variables on Absorbancy. The effect of the different
variables on the absorbancy of the tantalum-pyrogallol complex
was measured at 325 mIL.

2 3 4 5
FIN.o.L H Cl CONCENTRATION (N)

,,,,,,,,,..,,,,,,,,,,,
' -

040

0'0

050

HYDROCHLORIC ACID. The effect of varied concentrations of
hydrochloric acid was studied in an effort to determine the opti
mum concentration to be used.

Varying amounts of the hydrochloric acid solution were
pipetted into a series of 50-ml. volumetric flasks; 10 ml. of the
pyrogallol solution were then- added. This was followed by the
addition of 8 ml. of the dilute ammonium oxalate solution and 5
ml. of the tantalum standard solution (1.00 mg. of tantalum
pentoxide). The solutions were made up to volume and mixed
well. For each concentration of hydrochloric acid used, a blank

deviation of 0.003 absorbancy unit. This was only slightly
greater than the standard deviation of 0.002 obtained using 10
aliquots from the same solution; it was also only slightly greater
than the deviations caused by slight contaminations on the
absorption cells.

The criterion of an adequate solution of tantalum oxide is
usually implied to be a clear solution. A clear solution can be
obtained, however, which gives only 1% or less of the expected
absorbancy. Observation of the solutions for Tyndall effects
showed a rough inverse correlation between the number of col
loidal particles observed and the absorbancy of the solution. The
cause of the colloidal particles can be ascribed to surface phe
nomena acting at the interface of the melt and the extracting
solution.

Reagent Solutions. PYROGALLOL SOLUTION, 200 grams of
pyrogallol, 100 ml. of concentrated hydrochloric acid, and 10 ml.
of 2 M stannous chloride per liter. The presence of hydrochloric
acid and stannous chloride increases the stability of the solution
so that it can be kept for at least a month without decomposition.
The period of usefulness of a solution prepared without these two
reagents is about 2 days. Stannous chloride also serves to reduce
the ferric ion usually present in the samples being analyzed.

HYDROCHLORIC ACID, 8 N.
AMMONIUM OXALATE EXTRACTING SOLUTION, 50 grams per

liter.
DILUTE AMMONIUM OXALATE, POTASSIUM BISULFATE SOLU

TION, 12.5 grams of ammonium oxalate and 50 grams of potassium
bisulfate per liter. Because of a gradual increase in absorbancy, a
fresh solution was prepared every 2 weeks.

Apparatus. The absorbancy measurements were made with a
Beckman DU spectrophotometer equipped with- ultraviolet at
tachments, and a set of matched 1.000-cm. silica cells. Water
followed by acetone proved adequate as wash solutions.

All the data were rechecked using a photomultiplier attachment
with a 1O,000-megohm resistor in the spectrophotometer circuit.
This permitted much higher sensitivitipo to be obtained and
smaller band widths to be used; the necessary slit widths were
reduced from approximately 1.5 mm. to less than 0.1 mm.

bearing rock was adopted on the basis of the experimental work
later described:

. A 0.~50- to 1.000-gram sample is f~sed with 10 grams of potas
s!um bIsulfate; 50 ml. of the ammOlllum oxalate extracting solu
tlOn are then added to the cooled melt and the mixture is stirred
continuously on a steam bath. The resulting solution is cooled
and ~ade up to volume with water. An aliquot, estimated to
contam approximately 1 mg. of tantalum dioxide, is then added
to a 50-ml. volume~ric ~ask co?taining the following reagents:
25 ml. of hydrochlOriC aCld solutlOn, 10 ml. of pyrogallol solution,
and sufficient dilute ammonium oxalate solution to make the
final ammonium oxalate concentration 0.125 gram per 50 ml.
The flask is then made up to volume, mixed well, and a portion is
used for the determination of the absorbancy at 325 mIL, compared
with the absorbancy of a blank set at 100% transmittancy.

STANDARDS, REAGENTS, AND APPARATUS

Standard Tantalum Solution. The purest grade of tantalum
pentoxide available, containing less than 0.10% niobium pentox
ide and less than 0.01 % titanium dioxide, was used for the prepa
ration of this solution. It was ignited at 1000 0 C. for 2 hours
before use. An oxide obtained from another source contained
more than 8% volatile matter and was quite hygroscopic even
after ignition at 1000 0 C. for 48 hours.

A standard solution of the oxide, containing 0.20 mg. per ml.,
was prepared by the method outlined in the general procedure
described above. Solutions thus prepared are stable for several
months.

Continuous stirring has been found to be of critical importance
in the preparation of a true solution of tantalum. The literature
on tantalum commonly available does not stress the need for
continuous stirring during an ammonium oxalate leach of a bisul
fate melt. Its importance was indicated only after an intensive
investigation was undertaken to determine the source of varia
tions which were encountered during an attempt to prepare
standard solutions giving the same absorbancy.

Numerous methods for the preparation of standard tantalum
solutions were tried without success. In the common technique
involving fusion of the oxide with potassium bisulfate and extrac
tion of the fused melt with ammonium oxalate solution, varia
tions were made in the temperature and duration of fusion, mole
ratio of flux to oxide, and temperature and duration of extraction.
Dissolution of the oxide in a mixture of hydrofluoric and sulfuric
acids and evaporation of the solution to fumes of sulfur dioxide
and dilution with water was also tried. Variations were made in
the duration of fuming, mole ratio of sulfuric acid to oxide, tem
perature and duration of heating the final diluted solution, and
reagent solutions used for the final dilution.

All of the variations listed above yielded solutions which gave
absorbancies which could not be duplicated on retrial. In general,
the absorbancy could be increased by maintaining the solution at
90 0 C. for greater lengths of time. The absorbancies produced
by such aging, however, were not capable of being reliably dupli
cated. Moreover, some solutions were found to yield lower
absorbancies when aged at elevated temperatures.

Dissolution of a bisulfate fusion of the oxide with either tartaric
or oxalic acid frequently resulted in a turbid solution which gave
a very low absorbancy, even when continuous stirring was ap
plied.

The final procedure adapted-viz., fusion of the oxide with
potassium bisulfate and dissolution of the fused melt with am
monium sulfate solution with continuous stirring-was found to
allow considerable latitude in the permissible mole ratio of flux
to oxide. Solutions giving the same absorbancy could be pre
pared consistently from mole ratios varying from 5000 to 1 to less
than 5 to 1. Duration of time of heating the extracting solu
tion was also not critical. Stirring the solution for 30 minutes or
until the fused cake was completely dissolved was adequate;
stirring for several additional hours had no further effect.

Aliquots of 11 different solutions prepared by stirring am
monium oxalate extractions gave absorbancies with a standard
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containing no tantalum was prepared immediately afterwards in
a similar manner. Measurements were made on each pair of
solutions with the tantalum-free solution serving as the blank.
Similar measurements were made on solutions containing 5 mg.
each of titanium dioxide and niobium pentoxide. These data are
plotted in Figure 1.

The absorbancy of the tantalum-pyrogalloL complex was in
creased by increase in the hydrochloric acid concentration,
whereas the absorbancy of the niobium complex remained quite
low below 5N hydrochloric acid. The absorbancy of the titanium
complex was found to reach a minimum between 2.5 and 4N hy
drochloric acid.

o 5or--------,--------,--------,

040

1"30
~
:0.20

010

l~ W ~

CONCENTRATION OF PYROGALLOL (9.150 ml.)

Figure 2. Effect of Pyrogallol on Absorbancy
of Tantaluxn-Pyrogallol Coxnplex

O.l4r--------,------,---
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~
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'"~O,IO..
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O.OO~0,-------,;-OD~2'"5----;0"0~50~--~0-;c07"'5-------,;-0.""0""0----0,;;!,.125
AMMONIUM OXALATE 19.150 m!.l

Figure 3. Effect ofAxnxnoniuxn Oxalate on Absorb
ancy of Tantaluxn-Pyrogallol Coxnplex

A concentration of 4N hydrochloric acid was selected as the
optimum compromise because it allowed a minimum interference
from the two troublesome elements, titanium and niobium, while
permitting a moderately high absorbancy of the tantalum com
plex.

PYROGALLOL. A similar study was made of the effect of pyro
gallol concentration on the absorbancy of the complex. The
procedure used was identical with the hydrochloric acid measure
ments except that the amount of pyrogallol added to each set of
flasks "yas varied and the hydrochloric acid concentration was
held constant at 4N.

The variations of absorbancy with pyrogallol concentration are
shown in Figure 2.

The absorbancy of the tantalum-pyrogallol complex was found
to increase with pyrogallol concentration. A limit was set on the
permissible amount of pyrogallol, however, because of the high
absorbancy it produced in the blank reference solution and the
correspondingly larger slit widths required.

The amount of pyrogallol was fixed at 10 mI. of the pyrogallol
solution (2 grams) in subsequent work.

AMMONIUM OXALATE. The effect of ammonium oxalate was
studied in a similar manner by holding the hydrochloric acid con
centration fixed at 4N, the pyrogallol concentration constant at
2 grams per 50 mI., the tantalum pentoxide concentration fixed
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at 0.2 mg. per 50 mI., and varying the ammonium oxalate con
centration.

These data, shown in Figure 3, show the pronounced effect of
ammonium oxalate on the absorbancy of the complex. The
ammonium oxalate concentration in all the work performed was
fixed at the arbitrary concentration of 0.125 gram per 50 mI. The
relatively high concentration was chosen so as to enable greater
amounts of tantalum solution to be used when desired; it also
permitted taking larger aliquots in the analysis of samples low
in tantalum pentoxide concentration.

Ammonium oxalate solution, measured against water in the
reference cell, was also found to have an appreciable absorbancy
in hydrochloric acid solution; this again necessitated the strict
regulation of its concentration.

The dilute ammonium oxalate solution previously described was
prepared for use in bringing solutions up to the fixed ammonium
oxalate concentration.

POTASSIUM BISULFATE. Similarly, the effect of varying con
centrations of potassium bisulfate was studied by holding the
concentrations of all other reagents constant. It was found to
have no measurable effect on the absorbancy of the tantalum
pyrogallol complex. It did, however, affect the absorbancy of
the blank slightly; 0.5 gram per 50 mI. caused an increase in
absorbancy of the blank of 0.01 absorbancy unit. For this rea
son, potassium bisulfate was also added to the dilute ammonium
oxalate solution and its concentration was controlled along with
that of ammonium oxalate.

0.40

0.30

1;

i
:020..

5 mo- T~~[~O_~',;. _

---------;mg. Nb20 150ml.

O.OOL~:::::3~00:------,32,h5,--------.35fnO,----==~'7;5=====~400
WAVELENGTH (m/-t)

Figure 4. Absorption Curves of Tantaluxn-, Niobiuxn-,
and Titaniuxn-Pyrogallol Coxnplexes

Absorption and Standardization Curves. The absorption
curve for the tantalum-pyrogallol complex was measured at the
concentration level of 1.00 mg. of tantalum pentoxide per 50 mI.
Curves for the niobium and titanium complexes were measured
at five times this concentration in order to moderate the effects
of any slight contamination of the absorption cells. The color
development procedure outlined previously was followed and the
absorbancies were measured against the absorbancy of a reference
blank containing the same constituents with the exception of
tantalum. The DU spectrophotometer and ultraviolet attach
ments were used for measurements below 350 mIL. For conveni
ence, the Model B was used for measurements between 350 and
400 mIL. The data are shown in Figure 4.

The maximum absorbancy of the tantalum-pyrogallol complex
was found at 315 mIL; 325 mIL was chosen as the operating wave
length so that it would fall within the wave length range offered
by the Model B spectrophotometer.

The standardization curve was found to follow Beer's law up to
the concentration of 2.00 mg. of tantalum pentoxide per 50 mI.
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Figure 5. Comparative Analyses of Three Ores

Per cent of tantalum. peutoxide
o Colorilnetric
• Graviln.etric

a Based on measurements made in the presence and absence of 1.00 mg.
of Ta20,.

b Based on measurements made in the presence of only 1 mg. of diverse
oxide.

ACKNOWLEDGMENT

The author would like to acknowledge the contributions of Mrs.
Ambhai Anubunyong, of the Royal· Department of Mines,
Thailand, who patiently rechecked all of the data and performed
many of the analyses. Leonard Shapiro, of the U. S. Geological
Survey, suggested the application of continuous stirrin~ to th~

preparation of true solutions of tantalum.

Apparent Wt. Ta,O,o,
Mg., 5.0 Mg. Diverse
Oxide/50 Ml. Reagent

0.12
0.07
0.04

<0.01
<0.01
<0.01
<0.02
<0.01
<0.01
<0.01
<0.01

0.25
<0.01
<0.01

2.5
0.75
0.04

<0.02
<0.01
<0.01
<0.01

0.50
0.03
0.04

<0.01
<0.02
<0.02
<0.01
<0.01
<0.01
<0.01
<0.01

Tahle I. Effect of Diverse Ions
Permissible Amount,

Mg., Giving <2%
Error in Determination

of 1.00 Mg. of Ta,O,

0.80
1.4
2.5

>5.0
>5.0
>5.0
>5.0
>5.0
>5.0
>5.0

>g:gOb
>5.0
>5.0 b

g:~~b
2.5

>5.0
>5.0
>5.0

>g:gOb
3.5
2.5

>5.0
>5.0
>5.0
>5.0
>5.0
>5.0
>5.0
>5.0

0 0

• • • • • •
I I I

60 65 70

0
O.
0

00
0

• • •• •
I I I I

40 45 50 55

o 0
00

• •
I I I I
"

'5 17

Expressed as

Nb20,
TiO,
ZrO,
Na20
ThO,
SiO,
SnO,
FeO
MnO
CaO
MgO
U,O.
y,O,
Ce20,
MoO,
WO,
Cr20,
V20,
Co,O.
AhO,
BaO
Sb20,
Bi,O,
CuO
NhO,
PbO
BeO
Sc,O,
B,O,
LhO
Rb,O
&0

•

•,
55

two of the minerals by eight cooperating laboratories (24-) were
recently republished (2). They appear as a and b in the frequency
diagram shown in Figure 5, labeled gravimetric analyses. The
third mineral, a columbite containing more than 60% niobium
pentoxide, had been analyzed gravimetrically by two skilled rock
analysts (28). The colorimetric analyses were performed by two
analysts over a period of 4 months using several standard and
reagent solutions. Corrections. for the niobium content were
made for mineral c, Figure 5. No separations were performed.
The time required for a series of analyses was approximately one
working day.

APPLICATION OF METHOD TO MINERALS AND ROCKS

The method as described in the general procedure was applied
to the analysis of three minerals. The results of the analysis of

The absorbancy index under the optimum conditions used was
found to be 0.0215 ml. per microgram cm. Slight but significant
variations from this value were sometimes caused by variations
in the concentrations of hydrochloric acid or pyrogallol. For
accurate work it is recommended that the same reagent solutions
and pipets be used for the determination of the absorbancy index
and the analysis of unknown solutions.

The molar absorbancy index, with concentration expressed as
gram atoms of tantalum per liter, is 4775.

Factors Affecting Color Stability. TIME OF STANDING. A
reference blank solution and a solution containing 1.0 mg. of
tantalum pentoxide in addition to the recommended concentra
tions of reagents were permitted to stand at room temperature
for 7 hours. Samples for absorbancy measurements were taken
at regular intervals. The absorbancy of the reference blank
measured against water was found to increase 0.015 absorbancy
unit in the full 7 hours. No measurable difference was noted in
1 hour. The absorbancy of the tantalum-pyrogallol complex
measured against a reference blank of similar age was found to
decrease by 0.010 absorbancy unit. No measurable change was
noted, however, after only 1 hour. Measurements could thus be
made immediately or up to 1 hour from the time of mixing the
solutions without a significant change in absorbancy.

The temperature coefficient for this reaction in the range 20 0

to 35 0 C. was found to be negligible.
The order of addition of reagents is immaterial.
INTERFERENCES. In the study of the effects of diverse ions on

the absorbancy of the tantalum-pyrogallol complex those ele
ments were considered which have been reported to be constitu
ents of the many tantalum-bearing rocks and minerals.

Each of the elements, usually taken as 0.100 gram of the oxide,
was treated as outlined in the general procedure.

Two series of measurements were made. In the first series the
absorbancy of the reagent solution containing the diverse ion
together with 1 mg. of tantalum pentoxide was measured. Com
parison between this measurement and the absorbancy of a
reagent solution containing 1 mg. of tantalum pentoxide alone
showed the effect of the ion on the absorbancy of the tantalum
pyrogallol complex. Comparison of the difference between these
two measurements and a second measurement showing the
absorbancy of a solution of the ion alone, with no tantalum pres
ent, indicated whether the effect was additive or otherwise.

The data, expressed as apparent milligrams of tantalum pen
toxide, are presented in Table I. Within detectable limits, in
practically all cases the effect of the various ions was additive in
character and readily correctable.

The elements that were found to require only moderate correc
tions for their presence in significant amounts were titanium,
niobium, zirconium, chromium, vanadium, bismuth, and copper.
The elements necessitating large corrections or separations were
uranium, molybdenum, tungsten, and antimony. These ele
ments, however, are rarely present in tantalum-bearing minerals
in troublesome concentrations; if encountered, they should be
separated from the earth acids. Iron did not interfere in the
presence of stannous chloride.

In addition to the ions mentioned above, tartrate was found to
depress the absorbancy of the complex moderately; fluoride
bleached the color when present even in trace concentrations.
Oxidizing agents oxidized the pyrogallol to black opaque solu
tions. Traces of platinum gave a very high absorbancy, probably
because of the stannous chloride present; fused silica crucibles
were used for the fusions for this reason. With the exception of
fluoride, however, none of the interferences in this group are
generally present in the rocks and minerals encountered, and
their presence can usually be avoided.
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Ultraviolet Spectrophotometric Determination of
Niobium in Hydrochloric Acid

J. H. KANZELMEYER AND HARRY FREUND, Oregon State College, Corvallis, Ore.

The analytical methods available for the determination of niobium are not well
suited for routine analysis because of critical or time-consuming operations. A
hitherto unreported absorption peak at 281 mp serves as the basis for a spectro
photometric determination of niobium. In the absence of large amounts of iron
and certain other elements, the sample is obtained in a concentrated hydrochloric
acid solution and the absorbance measured at the specified wave length. In the
presence of interfering elements, themethod may be used following a preliminary
separation. It is rapid, accurate, and suitable for routine analysis.

Two essentially different spectrophotometric methods for the
determination of niobium have been reported in the litera

ture: methods based upon the peroxy complex (3, 5), and those
which make lise of the thiocyanate complex (2, 4).

The peroxy methods lack sensitivity and suffer from the incon
veniences inherent in the hydrogen peroxide-concentrated
sulfuric acid reagent employed-Le., the corrosive nature of the
solutions and the annoyance of oxygen bubble formation. The
lack of sensitivity of these methods is aggravated by the limited
solubility of many materials in concentrated sulfuric acid, for
this often establishes a practical upper limit to the sample size.

The procedures utilizing the thiocyanate complex, while pos
sessing adequate sensitivity, offer other disadvantages. The com
plex is unstable in aqueous media. Freund and Levitt (2) sta
bilize the complex by the addition of a miscible organic solvent,
acetone. The resulting solutions show increasing absorption with
time, making it necessary to specify accurately the time interval
from the addition of the reagent to the measurement of absorb
ance. Lauw-Zecha, Lord, and Hume(4) extract the colored spe
cies with ether, a process further complicated by the necessity
for accurate control of the acidity.

Desesa and Rogers (1) report a method for the determination
of iron using 6M hydrochloric acid, and give the absorption
curves of other elements in the same solvent. 'Wernet (6) has

shown that niobium hydrous oxide is appreciably soluble in
highly concentrated hydrochloric acid.

A hitherto unreported absorption peak of a niobium species
present in concentrated hydrochloric acid serves as the basis for
a method for the determination of niobium. The interfering
concentrations of certain ions are listed.

APPARATUS AND SOLUTIONS

Apparatus. All absorbance measurements were made with a
Beckman Model DU spectrophotometer. Matched I-cm. silica
cells were employed; all solutions were measured against a hy
drochloric acid solution of the same concentration as the sample.

Hydrochloric Acid. The concentrated hydrochloric acid used
(Baker and Adamson, ACS specification grade) was 1l.8M.
The concentration of hydrochloric acid solutions was determined
by specific gravity. Chloride concentrations were determined by
a potentiometric titration with standardized silver nitrate solu
tion, using a silver indicating electrode. Acid concentrations
were determined by titration with carbonate-free standard sodium
hydroxide solutions to the phenolphthalein end point.

Standard Niobium Solution. A 0.5 mg. per m!. standard
niobium solution was prepared by fusing 0.0715 gram of niobium
pentoxide (A. D. MacKay Co.) with potassium bisulfate. The
melt was dissolved in sulfuric acid, and the niobium precipitated
as the hydrous oxide with ammonia. The gelatinous precipitate
thus obtained was centrifuged, washed with distilled water, and
centrifuged again. This freshly precipitated hydrous oxide dia-
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I-em.. cells
8 'Y of niobium. ,per -011.

solved easily in concentrated hydrochloric acid, and the clear
solution thus obtained was diluted to exactly 100.0 m!. with the
same reagent.
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Table I. Reproducibility Data

Run Flask No.
No. 1 2 3 4 5

1 0.530 0.525 0.525 0.523 0.525
2 0.533 0.524 0.523 0.521 0.522
3 0.528 0.524 0.521 0.518 0.517
4 0.523 0.523 0.516 0.519 0.519
5 0.523 0.518 0.514 0.514 0.515
6 0.538 0.518 0.515 0.515 0.516

00L.-----,2"4:i.0..----'2;-;!6"'0,...---2"'Sk;0..----"30*O;;O-
WAVELENGTH .. ~

Figure 3. Effect of Variation of Chloride Ion Con
centration on Ultraviolet Absorption of Niobium

in Hydrochloric Acid

5 'Y of niobiulD per DlI.

°.o'------;:;24~O;;O----;:;2~6-;:;0,...----:;2::-iS~0,.-----,=±:---

WAVELENGTH .. ~

Figure 2. Effect of Variation of Hydrogen Ion Con
centration on Ultraviolet Absorption of Niobiulll in

Hydrochloric Acid

5 'Y of niobium. per 00.

classification with single replication. In this way the variance
due to the differences among the flasks could be separated from
the variance due to differences among runs, the latter being of
interest as an estimate of the reproducibility of the method. The
mean absorbance was 0.522, and the standard error of the runs
was equal to 0.003. The obvious downward trend in the results
is attributable to the fact that the hydrochloric acid used was
kept in a ground-glass bottle from which hydrogen chloride could
escape. Unless standards are to be carried along with the sam
ples, the hydrochloric acid used as a reagent for this method
should be protected from loss of strength by storage in a pressure
tight bottle.

Interferences were studied by measuring the absorption curves
of a large number of cations in concentrated hydrochloric acid.
The weights of the elements which caused an absorbance equal to
5% of the absorbance of 5 'Y of niobium per m!. were calculated
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EXPERIMENTAL

In order to investigate the effect of the hydrochloric acid con
centration on the absorption of the niobium complex, samples
containing 8 'Y of niobium per m!. were prepared by diluting the
standard niobium solution with hydrochloric acid of different
strengths. The absorption curves for these samples are shown in
Figure 1.

00 220 240 260 280 300
WAVELENGTH M~

Figure 1. Absorption Spectra of Niobium Solutions

It is clear that the hydrochloric acid concentration must be
above 6M before the analytically important absorption at 281
m!' becomes useful. As the absorbance increases while the rate
of change of absorbance decreases with increasing hydrochloric
acid concentration, the maximum concentration of this reagent
conveniently obtainable should be used for maximum sensitivity
and accuracy of the method.

The effect of the independent variation of hydrogen ion and
chloride ion is shown in Figures 2 and 3. The chloride ion con
centration was maintained constant by dilution with 11.8M
lithium chloride (Figure 2). The hydrogen ion concentration was
kept nearly constant by dilution with 72% perchloric acid (Figure
3). In the latter case, the limited solubility of hydrogen chloride
in perchloric acid caused the loss of some hydrochloric acid.

The niobium complex concentration depends, in a complicated
manner, on both the hydrogen ion and the chloride ion concen
trations. These curves cannot be quantitatively interpreted in
terms of present knowledge, but it is hoped that investigations
now in progress will provide the additional information necessary
to assign structures to the complex species present. It is not the
purpose of this paper to elucidate structures, but rather to present
a rapid method for the determination of niobium. The fact that
the exact structure of the complex used is not known does not
impair its usefulness in analytical work.

The significance of Figures 2 and 3 is that hydrogen chloride is
required for the formation of the niobium complex under con
sideration; neither hydrogen ion nor chloride ion alone will
suffice.

An analytical curve was prepared by proper dilution of the
standard niobium solution with concentrated hydrochloric acid.
Beer's law was followed up to 10 'Y of niobium per ml. The ab
sorbance of the latter solution was 1.05. No attempt was made
to verify linearity of absorbance with concentration at higher
values.

The reproducibility of the method was determined by
measuring six runs of five samples each, prepared and measured
over a period of one week (Table 1). Five supposedly identical
volumetric flasks were used for all six runs. For each run, an
aliquot of standard niobium solution was introduced, such that
the final concentration of niobium would be 5 'Y per m!. when the
flask was filled to the mark with concentrated hydrochloric acid.
The data were treated by the analysis of variance as a two-way



Element

Sn(II)
Sn(I'\')
Co(II)
Ni(II)
Mn(II)
Cd(Il)
Hll(lI)
V(V)
V(lV?)
Cr(lII)
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Table II. Weight Ratios of Elements Causing 5% Error
Ratio Ratio

(M/Nb) Element (M/Nb)

10 Pb(II) 0.2
7 Fe(III) 0,06

50 Cu(II) 0 .04
M WIlD 7
35 Ta(V) 2
80 Tb(IV) 500
40 Mo(VI) 0.2
0.6 W(VI) 3
2 mu~ W
0.1 Ti(IV) 0.15

Zr(IV) >500

O.OI::=='~24~O~=:::::"-=2~6-=O----::~-====-==3-±O-=O--

WAVELENGTH .. ~

Figure 4. Absorption Spectra of Interfering Cations
in Concentrated Hydrochloric Acid

5 "( of :metal per :mi.

from the absorbance of several different concentrations of each
ion at 281 mJ.L. These calculated weight ratios, given in Table II,
are presented as guides to the relative errors caused by the pres
ence of the various ions.

The absorption curves of several interfering elements are shown
in Figure 4. The interference due to the presence of copper may
be eliminated by addition of a small measured excess of stannous
chloride dissolved in concentrated hydrochloric acid to both the
sample and blank solutions. The interference of iron can be
reduced temporarily by the addition of a five- to tenfold excess of
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stannous chloride, but measurements must be made almost imme
diately, since the iron is rapidly reoxidized by air. Titanium may
be determined independently by the peroxide method and its
contribution to the absorbance at 281 mJ.L subtracted from the
total absorbance. The remainder is due to niobium. Compara
tively simple means of separation are available to reduce the con
centrations of the other ions below the interfering ratio. The one
exception is found in tantalum. The permissible weight ratio of
tantalum to niobium was increased to 10 by the addition of suffi
cient hydrofluoric acid to make the solution about a.aIM in
fluoride.

Sulfate does not interfere. up to a.IM concentration, introduced
as potassium bisulfate. Sulfuric acid tends to decrease the solu
bility of the hydrogen chloride.

SUMMARY

The chloride complex which occurs in concentrated hydro
chloric acid forms the basis for a simple, accurate, and rapid spec
trophotometric method for the determination of niobium, in
which absorbance is measured' at 281 mJ.L. The method may be
applied to any material that may be obtained in a hydrochloric
acid solution. Interfering ions are vanadium(V), chromium(Ill),
lead(ll), iron(III), copper(II), molybdenum, and titanium(IV).
The interferences from moderate amounts of iron(III) and cop
per(II) may be eliminated by reduction to the lower valence with
tin(ll). Tantalum up to ten times the amount of niobium meas
ured can be tolerated.
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Spectrophotometric Determination of Arsenic and Tungsten
as Mixed Heteropoly Acids

DELORA K. GULLSTROM WITH M. G. MELLON

DepartTnent of CheTnistry, Purdue University, Lafayette, Ind.

I T HAS been known for years that a yellow color is formed on
adding an excess of molybdate and vanadate solutions to one

containing orthophosphate. The colored component is assumed
to be molybdovanadophosphoric acid, a mixed heteropoly com
plex. Misson (4, 5) first proposed this reaction as a colorimetric
method for the determination of phosphorus in steel. The color
reaction and its analytical application were investigated spectro
photometrically by Kitson and Mellon (2). Wright and Mellon
(11) studied the analogous mixed complex, tungstovanadophos
phoric acid. Its use for the determination of vanadium was pro
posed by Sandell (7).

It seems reasonable that other mixed acids might have useful
analytical applications. More specifically, since the addition of
vanadate enhances the color of molybdophosphoric acid, it was of

interest to study such a possibility with the colorless molyb
doarsenic acid. At the same time tungstovanadophosphoric acid
was restudied with the aim of using this complex for the deter
mination of tungsten.

EXPERIMENTAL WORK

Apparatus and Solutions. Absorbance measurements were
made in I-em. cells with a Beckman DU spectrophotometer.

Incidental reagents were prepared as follows: 5% sodium
molybdate dihydrate, Na2MoO•. 2H20, in water; 1% sodium
metavanadate, N aVO" in dilute sodium hydroxide, subsequently
neutralized with hydrochloric acid; 1.7N hydrochloric acid (1 to
6).

A standard solution of arsenic was prepared by dissolving, with
heating, arsenic pentoxide in water and diluting to. a concentra-
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tion o.f ~OO p.p.m. of arsellic. The sta';ldard solution of tungsten,
cC!Btammg.200 p.p.m., was made by dissolving sodium tungstate
dIhydrate m water.

All so!utions ~ere stored in polyethylene bottles to avoid con
tammatlOn by slhcate.

Color Reactions. Although molybdovanadophosphoric acid
bas been known for some years, the exact nature of the complex is
not clear. It seems probable that other mixed heteropoly acids
are of the same type.

Kitson and Mellon (2) applied the method of Vosburgh and
Cooper (9) to determine the ratio of phosphorus to vanadium in
molybdovanadophosphoric acid. The results indicated that the
ratio is 1 to 1. Their data were redetermined in this work, with
the same result. Using the same procedure on molybdovanado
-arsenic acid indicated a ratio of 1 to 1 of vanadium to arsenic.
Analogous determinations with tungstovanadophosphoric acid
also gave a 1 to 1 ratio of vanadium to phosphorus. These latter
results are less certain because the solutions were measured im
mediately after mixing to prevent precipitation of tungsten tri
oxide. In this case it is possible that measurement was not made
under equilibrium conditions.

It has been postulated that molybdovanadophosphoric acid is
formed by the substitution of both molybdenum and vanadium
oxide radicals for the oxygen in the phosphate. By analogy,
other mixed heteropoly compounds have been assumed to be
similar. However, if this were the case, the ratio of vanadium to
phosphorus should be at least 2 to 1. The theoretical interpreta
tion of the observed evidence is not apparent from present knowl
edge of heteropoly compounds. Fortunately, the obscure nature
of the mixed heteropoly acids does not impair their analytical ap
plications.

Table I. Absorbance Readings for Reagent for Arsenic
DeterIDination vs. Distilled Water

Wave Length,
m" Absorbance
460 0.015
440 0.055
420 0.116
400 0.226
380 0.370

DETERMINATION OF ARSENIC

The most sensitive colorimetric method for determining arsenic
is based on the reduction of molybdoarsenic acid to molybdenum
blue. This method usually requires preliminary distillation of
the arsenic from interfering constituents. A procedure avoiding
this separative operation would be preferable.

Since molybdoarsenic acid solution is colorless, it was hoped
that the addition of vanadate to form molybdovanadoarsenic
acid would shift the absorption to the visible region. Under
suitable conditions a mi;xture of arsenic, molybdic, and vanadic
acids does have a yellow hue. The analytical possibilities of this
system, assumed to be a mixed heteropoly acid, are reported
herein.

Effect of Variables on the Color Development. In order to
study possible effects of variation in the several reactions con
cerned in the color reaction, preliminary experiments were made
to select conditions for a starting system.

The following mixture of reactants seemed appropriate: 10 mI.
of arsenate solution (100 p.p.m. arsenic), 7.5 mI. of vanadate
solution (1 %), 6 mI. of hydrochloric acid (1.7N), and 10 mI. of
sodium molybdate solution (5%) were mixed in that order. The
solution was diluted to 50 m!. in a volumetric flask and measured
atiOO, 420, 440, and 460 mil. A reagent blank containing the
same concentration of reagents except the arsenate was used
as the ref\rence system: Considerab.le color develops in the
blank solutIOn, as shown m Table 1. Smce a spectrophotometric
curve between 340 and 500 mil shows no maximum absorption
the wave lengths were chosen arbitrarily. '

ANALYTICAL CHEMISTRY

The study reported concerns the forIDation of two
heteropoly coIDplexes, nlOlybdovanadoarsenic acid
and tungstovanadophosphoric acid, and their colori
IDetric applications to the deterIDination of arsenic
and tungsten. The effects of the following variables
were deterIDined for each IDethod: acidity, concen
trations of reagents and of the desired constituents,
order of adding reagents, stability, and 52 diverse
ions. A procedure for the deterIDination of arsenic
is recoIDIDended, together with its application to the
analysis of Paris green. Likewise, a procedure is
recoIDIDended for the deterIDination of tungsten,
with application to tungsten steels frOID the Na
tional Bureau of Standards. The IDethod for arsenic
is rapid, convenient, and reliable for the range of 1
to 30 p.p.ID. DeterIDination of arsenic in Paris green
proved feasible without separating the eleIDent frOID
the copper. The IDethod for tungsten is useful for
the range of 10 to 120 p.p.lll.

Using these experimental conditions, each of the several
variable factors was then studied separately to find optimum
conditions.

Acidity. The optimum amount of acid appears to be 6 mI.
Additional acid decreases the color of the heteropoly acid. Less
aci~ causes an extremely high blank and necessitates a prohibi
tively wide slit.

Sulfuric and nitric acids of the same normality give the same
absorbances.

Vanadate Concentration. The color steadily increases as
vanadate concentration increases up to 7 mI. of 1% sodium vana
date, even when a reagent blank containing the same amount of
vanadate and molybdate is employed. The absorbance values
then level out, regardless of the vanadate concentration. Vana
date concentration is critical, however, and carefully controlled
concentrations should be used in the blank and sample solutions.

Molybdate Concentration. Molybdate must be in excess in
order to have complete color development. The color increases
up to 8 mI. of 5% sodium molybdate. Ten milliliters (±l) are
recommended to ensure complete color development.

Order of Adding Reagents. The reagents should be added to
the arsenic solution only in one oraer: acid, vanadate, and molyb
date. If the acid is added last, a positive error results because
of the deeper yellow color formed between vanadate and molyb
date at higher pH values. This color does not disappear readily
upon addition of acid. If the arsenate and molybdate are mixed
before the addition of vanadate, molybdoarsenic acid forms. It
is not readily converted to the mixed acid.

A composite reagent can be added directly to the arsenate
solution. The absorbance readings are the same as if the recom
mended amounts, previously given, are added separately. The
order of addition of the components of this reagent seems to be
unimportant. Twenty-five grams of sodium molybdate dihy
drate are dissolved in 70 to 80 mI. of distilled water. Sodium
metavanadate (3.75 grams) is dissolved in 50 mI. of dilute sodium
hydroxide and then neutralized with hydrochloric acid. These
two solutions are mixed with 50 mI. of concentrated hydrochloric
acid, cooled. and diluted to 250 ml. Five milliliters of this rea
gent will give optimum color in the arsenic determination. The
blank contains 5 m!. of this reagent diluted to 50 mI. The rea
gent is stable for at least a week.

Arsenic Concentration. Beer's law applies from 1 to 30 p.p.m.
for all wave lengths used. Greatest sensitivity is obtained at
400 mil. Table II shows representative absorbance values. The
molar absorptivity at 400 mil is 2540 liters per mole per centi
meter.
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Stability of Coloc. The color is stable for at least 24 hours.
Diverse Ions. To study the effect of diverse ions, 10 m!. of a.

solution containing 100 p.p.m. of arsenic was added to a 50-m!.
volumetric flask. To it was a<).ded 5 m!. of a solution containing:
10 grams per liter of the diverse ion, followed by 5 m!. of reagent.
The solution was diluted to 50 m!. and measured at the designated
wave lengths.

Incases of interference, a more dilute solution of the diverse·
ion was tested until the relative error in measurement was 2% or
less of the amount being measured.

The cation constituents were added as chlorides, nitrates, or'
sulfates. The anionic constituents were added as their sodium or
potassium salts.

The error does not exceed 2% for amounts up to 1000 p.p.m. of
any of the following cations: aluminum, ammonium, barium,
beryllium, cadmium, calcium, cobalt(II), copper(II), lithium,
magnesium, manganese(II), mercury(II), potassium, strontium,
uranium{VI), and zinc.

The error is 2% or less for amounts of the following anions in
concentrations up to 1000 p.p.m.: acetate, bromide, chloride,
fluoride, formate, iOdate, nitrate, nitrite, oxalate, perchlorate,
periodate, selenate, and sulfate.

Bismuth(III), lead, thorium, and zirconium(VI) interfere
because basic salts precipitate at the pH of the determination.
Silver interferes because of precipitation of the chloride.

Ions such as dichromate, nickel, and permanganate interfere
because of their color.

Reducing agents such as thiosulfate and thiocyanate reduce the
heteropoly acid to heteropoly blue.

Other ions, such as borate, citrate, and tartrate, give a nega
tive error because they prevent formation of the mixed heteropoly
acid through complexation of the reagent.

Ions such as germanate, phosphate, silicate, tungstate, and
vanadate give positive errors because of the formation of addi
tional heteropoly acids.

A summary of the effect of interfering ions is given in Table III.
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Reagents.. MIXED COLORANT. Dissolve 25 grams of sodium
molybdate dIhydrate, Na2Mo04 . H 20, in 70 to 80 m!. of distilled
water. Dissolve 3.75 grams of sodium metavanadate, NaVO.
in dilute sodium hydroxide and neutralize with hydrochloric acid:
Mix these two solutions with 50 m!. of concentrated hydrochloric
acid, cool, and dilute to 250 m!. Store the solution in a poly
ethylene bottle.

STANDARD ARSENIC SOLUTION. Dissolve 0.0750 gram of arsenic
pentoxide, AS20s, in 300 m!. of water. Heat until dissolution is
complete, cool, and dilute to 500 m!. This solution contains
approximately 100/, of arsenic per m!. Store in a polYethylene
bottle.

Preparation of Calibration Curve. With a pipet transfer 0,
2.00, 4.00, 6.00, 8.00, and 10.00 m!. of the standard arsenic solu
tion into each of six 50-m!. volumetric flasks. To each flask add
5. m!. of the molybdate-vanadate-h:ydrochloric acid reagent,
dilute to 50 m!., and measure at the deSIred wave length. Use the
sample containing.O m!. of arsenic as a blank. Plot a curve of
absorbance against weight of arsenic.

Table IV. Analysis of Paris Green SaIllples for Arsenic
Using Moiybdovanadoarsenic Acid

Arsenic Found, %
Sample Colorimetric Titrimetric

No. Detns. Av. Range Detllil. Av. Range
1 8 7.95 ±0.25 3 7.92 ±0.05
2 3 11.45 ±0.13 3 11.30 ±0.05
3 3 15.11 ±0.14 3 15.32 ±O.08
4 3 17.39 ±0.19 3 17.71 ±0.09

Procedure. Select a sample containing up to 30 p.p.m. of
arsenic(V). If the concentrations of the other ions exceed the
amounts.perm.issible, as shown in Table III, separate the arsenic
as the trIchlOrIde by the method of Scherrer (8). Adjust the pH
to !1Pproximatt;l neutrality, using dilute hydrochloric acid or
sodIUm hydroxide. Add 5 m!. of reagent, dilute to 50 m!. in a
volumetric flask, and determine the absorbance at the same wave
length used for the calibration curve. Use a reagent blank for
this measurement. Refer to the calibration curve to find the
amount of arsenic in the sample.

Table II. Absorbance Readings for 20 P.P.M. of Arsenic at
Various Wave Lengths Using a .Reagent Blank

Wave Length,
ml' Absorbance

RECOMMENDED METHOO

Apparatus. The spectrophotometer must be capable of meas
urement at 400 m).'. The band width should be narrow for most
accurate readings in this region of the spectrum.

Table III. Effect of Interfering Ions
(Each solution contained 20 p.p.rn. of a.rsenic i measurement was made at

400, 420, 440, and 460 ml' in I-em. cells using a reagent blank)

Maximum Permissible
Ion AmountG , P.P.M.

460
440
420
400
380

Cr+++
Au+++
Fe+++
Ni++
Citrate--
Cr,O,-
GeO,--
I -b
MnO.
PO.--
SiO.-
SO,-
Tartrate-
S,O,-
WO.-
VO,-

G For an error (relative) not exceeding 2%.
b Oxidizes to iodine.

0.205
0.293
0.435
0.645
0.901

200
25
o

25
200

o
o
o
o
o
o
o

200
o

25
o

ANALYSIS OF PARIS GREeN SAMPLES

To test the method, samples of Paris green were analyzed for
arsenic content. A sample of 0.1 gram was used. Ten milli
liters of a 5% solution of ammonium peroxydisulfate was added.
The solution was boiled for 5 minutes to ensure arsenic(V).
This also brings about complete sample dissolution. Heating
destroys the excess oxidizing agent. The solutions were cooled
and made up to 50 nil. These solutions were diluted 10 to 25
times depending on the arsenic concentration. Measurement
was made at 400 m).'. The arsenic concentration was calculated
from the following equation:

()f A _ A X 3.80
10 s - 0.100

This equation is valid for an initial dilution to 50 ml. which is
then diluted 2 ml. to 50 nil. The value of 3.80 was calculated
from the best straight line for Beer's law plot. Table IV shows
the results obtained on four sampies.

CONCLUSIONS

The procedure is a rapid, convenient method for the determina.
tion of arsenic in a concentration range of 1 to 30 p.p.m.

The sensitivity is less than that of the heteropoly blue method
or the extraction method recommended by Wadelin and Mellon
(10). The absorptivity for the heteropoly blue procedure given
by Boltz and Mellon (1) is 25,400 liters per mole per centimeter
at 840 m).' and 5100 liters per mole per centimeter at 370 m).' in the
extraction procedure recommended by Wadelin and Mellon.
The absorptivity of this procedure is 2540 at 400 m).'.

The procedure is reproducible and accurate .lor mixtures con
taining arsenic as Paris green.

Measurement can be made at any desired wave length between
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DETERMINATION OF TUNGSTEN

370 and 460 m!'. The lower wave lengths may sometimes be de
sirable to avoid interference from colored ions which absorb in the
visible.

0.049
0.070
0.104
0.136
0.179

Absorbance

460
440
420
400
380

Table VI. Absorbance Readings for 40 P.P.M. of Tungsten
at Various Wave Lengtbs Using a Reagent Blank

Wave Length,
In/'

Diverse Ions. To study the effect of diverse ions, 10 mI. of a.
solution containing 200 p.p.m. of tungsten were added to a 50-mI.
volumetric flask. To it was added 5 m!' of a solution containing
10 grams per liter of the diverse ion and 2.5 m!' of reagent. The
solution was diluted to 50 mI. and measured at the designatpd
wave lengths.

If a given ion interfered, a more dilute solution of diverse ion
was tested until the relative error in the measurement was 2% or
less.

The cations were added as chlorides, nitrates, or sulfates. The
anions were added as their sodium or potassium salts.

The error does not exceed 2% for amounts up to 1000 p.p.m. of
any of the following cations: aluminum, ammonium, barium,
beryllium, cadmium, calcium, cobalt(II), copper(II), lithium,
magnesium, manganese(II), mercury(II), potassium, strontium,
uranium(VI), and zinc.

The error is 2% or less for amounts of the following anions in
concentrations up to 1000 p.p.m.: acetate, borate, bromide, for
mate, iodate, nitrate, perchlorate, phosphate, selenate, silicate,
sulfate, and thiocyanate.

Bismuth, lead, thorium, and zirconium(VI) interfere because
basic salts precipitate at the pH of the determination. Silver
interferes because of the precipitation of the chloride.

Ions such as dichromate and permanganate interfere because
they themselves are colored.

Thiosulfate interferes because it reduces the heteropoly acid.
Oxidizing agents interfere because of the formation of the peroxide
of vanadium.

Ions such as oxalate and citrate cause a negative error because
they destroy the heteropoly acid formed.

Ions such as arsenate and germanate give negative errors be
cause of the formation of less colored heteropoly compounds.

A summary of the effect of the interfering ions is given in Table
VII.

p.p.m. for all wave lengths used. The molar absorptivity at 400
m!' is 621 liters per mole per centimeter. Absorbances for several
wave lengths are given in Table VI.

A spectrophotometric curve was run in the ultraviolet down to
260 m,.. and no absorption maximum occurs at any wave length.
The wave lengths used for measurement were chosen arbitrarily.
It might be desirable to shift the wave length for measurement in
order to eliminate interferences which do not absorb at another
wave lerrgth.

Stability of Color. The color is stable for at least 24 hours.

RECOMMENDED PROCEDURE

Apparatus. The spectrophotometer must be. capable of meas
urement at 400 m,... The band width should be narrow for the
most accurate readings in this region of the spectrum.

Reagents. PHOSPHORIC Acm-BoDIUM VANADATE SOLUTION.
Dissolve 0.8 gram of sodium metavanadate, N aVO" in 50 ml. of
dilute sodium hydroxide, neutralize, and dilute to 80 m!' in a
graduate cylinder. Mix with 20 m!' of sirupy phosphoric acid
(Baker's 85%) in a 100-m!. volumetric flask. Cool and dilute to
100 ml. Store in a Dolyethylene bottle.

STANDARD TUNGSTATE SOLUTION. Dissolve 0~3587. gram of
sodium tungstate dihydrate, Na2WO•. 2H20, in a liter of water.
This solution contains 200 p.p.m. of tungsten. Store in a poly
ethylene bottle.

0.030
0.036
0.057
0.077
0.100
0.130

Absorbance

460
440
420
400
380
360

Table V. Absorbance Readings for the Reagent for
Tungsten Determination vs. Distilled Water

Wave Length,
m"

Using these experimental conditions, each of the several vari
able factors was then studied separately to find optimum condi
tions.

Acid and Vanadate Concentrations. Varying amounts of phos
phoric acid and sodium vanadate were added to a solution con
taining 40 p.p.m. of tungsten(VI). The optimum concentra
tions of vanadate and phosphoric acid are not independent vari
ables. It is advisable to use enough acid to give a colbrless blank
with the amount of vanadate used. If 0.5 ml. of phosphoric was
used vl'ith 2 ml. of a neutral solution of 1% sodium vanadate,
optimum results were obtained.

Although the pH was import:mt, excess phosphate had no effect
on the color. The common mineral acids, hydrochloric, nitric,
and sulfuric, can be used to adjust the acidity. The optimum pH
is 1.8 as measured on a Beckman pH meter. If less acid is used, a
highly colored yellow blank results. If more acid is used, there
is a decrease in the sensitivity of the method.

The ratio of the two reagents is very critical. It was decided
to prepare a mixed vanadate-phosphate reagent to add to the
solutions containing tungsten. This reagent is made up as fol
lows:, 20 mI. of phosphoric acid and 80 mI. of 1% sodium vanadate
solution were mixed in a 100-ml. volumetric flask. The reagent
was then made up to 100 ml. with distilled water. The reagent
is stable for about three days; but if it is kept longer, a precipitate
develops and low results are obtained. Two and one half mil
liliters of reagent are used in 50 ml. of solution.

Tungsten Concentration. Beer's law applies from 10 to 120

Sandell (6) mentions the use of tungstovanadophosphoric acid
for the determination of tungsten. Although Lennard (3) used
this means for the determination of tungsten, he did not study
the optimum conditions. Thus, acidity is important in affecting
the extent of color development, but he does not specify the
amount of acid used in the determination. His reported sensi
tivity is much less than that which can be obtained under opti
mum conditions.

The general objective of this work, then, was to investigate the
practicability of the use of tungstovanadophosphoric acid for the
determination of tungsten. It was hoped that this procedure
might eliminate or minimize the interferences inherent in other
methods for tungsten.

Effects of Variables on the Color Development. In order to
study possible effects of variation in the several variables con
cerned in the color reaction, preliminary experiments were made
to select conditions for the starting system.

The following mix"ture of reactants was used; 40 p.p.m. of
tungsten as tungstate, 1 .m!. of phosphoric acid (Baker's 85%),
and 3 m!' of neutral solution of 1% sodium vanadate were mixed.
The solution was diluted to 50 m!' in a volumetric flask and
measured at 400,420,440, and 460 m!'. The reagent blank con
tained the same concentrations of reagents except tungstate.
Table V shows typical blank readings. Since a spectrophoto
metric curve between 260 and 500 m!' shows no maximum absorp
tion, these wave lengths were chosen arbitrarily.
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Preparation of Calibration Curve. With a pipet transfer 5, 10,
15, 20, and 25 ml. of the standard tungstate solution into five 50
ml: volumetric .flasks. Add 2.5 ~I. of the vanadate-phosphoric
aCld reagent, dIlute to 50 mI., mIX, and measure at the desired
wave length. Use a sample containing 0 ml. of tungstate as a
blank. Plot a curve of absorbance against weight of arsenic.

Procedure. Select a sample containing from 10 to 120 p.p.m.
of tungsten. If the concentrations of other ions exceed the
amounts permissible (see Table VII), separate the tungsten as
tungsten trioxide. Filter this off in a sintered-glass crucible dis
card the fil~rate, rediss~lve the precipitate in sodium hydro'xide,
and neutrahze the solutlOn. Add 2.5 m!. of mixed reagent to the
neutral solution containing the tungsten, dilute to 50 ml. in a
volumetric flask, and determine the absorbance at the same wave
length used for the calibration curve. Use a reagent blank for
this measurement. Refer to the calibration curve to find the
amount of tungsten in the sample.
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Table VIII. Analysis of Two National Bureau of Standards
SaIllples for Tungsten Using Tllngstovanadophosphoric

Acid

Sample Tungsten, %
No. Found NBS"

50A 17.6 18.2
18.5
17.8
18.2

75 75.4 75.2
74.0
76.8

a Average of several determina.tions carried out by bureau and contribut
ing analysts.

Table VII. Effect of Interfering Ions
(Each solution contained 40 p.p.ro. of tungsten; measurements were made

at 400, 420, 440, and 460 ml' in I-em. cells using a reagent blank)

Maximum Permissible
Ion Amount", P.P.M.

Cr+++
Au+++
Fe+++
Ni++
Citrate --
CnO, -
F-
GeO,-
I-b
NO,
Oxalate-
IO,
MnO,
SO,-
Tartrate-
S,O,-
AsO, --
VO,-

a For an error (relative) not exceeding 2%.
b Oxidizes to iodine.

o
25
o

25
o
o

25
200

o
10
25
o
o
o
o
o
o
o

purities, these quantities are too small to interfere with the de
termination. If no previous separation is made, results are 3 to
5% high. Table VIII shows results obtained on two samples.

CONCLUSIONS

The procedure is a rapid convenient method for the determina
tion of tungsten in the concentration range of 10 to 120 p.p.m.

The sensitivity of the method, although not high, compares
favorably with that of colorimetric methods for tungsten. The
absorptivity is 621 liters per mole centimeter at 400 mJ<.

The procedure is reproducible and accurate. It has been
applied to samples of known tungsten content of the ~ational

Bureau of Standards.
Measurement can be made at any desired wave length between

360 and 460 mJ<. Wave lengths other than 400 mJ< may some
times be desirable to eliminate interference from diverse ions.
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Analysis of Standard Samples. Samples of steel from the
National Bureau of Standards were treated in the following
manner: to O.I-gram samples add 10 ml. of water and 25 ml. of
concentrated hydrochloric acid. Heat the solutions on the hot
plate until hydrogen is no longer evolved. Add concentrated
nitric acid dropwise to the hot solutions until dissolution is com
plete. Cool the samples and add 25 m!. of distilled water. Let
the samples stand for 2 hours and then filter thro)lgh a fine-pore,
sintered-glass crucible, without trying to remove quantitatively
the precipitate of tungsten trioxide. Wash the beaker and pre
cipitate with 2N nitric acid. Discard the filtrate and dissolve
the precipitate in the beaker in dilute sodium hydroxide solution.
Treat tile precipitate in the crucible with three portions of IN
sodium hydroxide and collect the filtrate. Neutralize the solu
tion with hydrochloric acid and make up to 100 m!. in a volumetric
flask. Make a suitable dilution in a 50-m!. volumetric flask to
bring the tungsten concentration within the range of the method.
Add 2.5 m!. of the vanadate-phosphoric acid reagent, dilute the
solution to 50 mI., and measure at 400 mJ<.

Although it is known that the tungsten trioxide precipitate ob
tained in this manner is contaminated with small amounts of im-
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Analysis of Sodium ~yroa and Jripolyphosphate Mixtures
By X-Ray Diffractometer Using an Internal Standard

ALTON J. MABIS AND OSCAR T.- QUIMBY

Chemical Division, The Procter & Gamble Co., Cincinnati, Ohio

Because cOOlOlercial tripolyphosphate occurs in two
polYOlorphic forOls of the anhydrous salt, and Olay
also contain SOOle hexahydrate, a physical Olethod of
analysis can add Olaterially to the inforOlation oh
tainahle hy cheOlical Olethods. A quantitative
Olethod has heen developed hased on x-ray diffrac
tion, using OlagnesiuOl oxide as an internal standard.
Calihration involves application to Olixtures of crys
talline sodiuOl pyrophosphate (NaJ'20,), the two
anhydrous phases of sodiuOl tripolyphosphate (Na.
P 30 l0 I and Na.P30 u II), and the hexahydrate of
sodiuOl tripolyphosphate (Na.P30 lo.6H,O). X-ray

I F the x-ray diffraction pattern of a typical commercial so
dium tripolyphosphate is examined, it is often found to be a

mixture of the two anhydrous crystalline phases, Na.P30 I0 I and
Na.P30 lO II, sometimes is partially hydrated to the hexahydrate,
Na.P30 I0 .6H20, and usually is contaminated with sodium pyro
phosphate, Na4P20,. Because chemical methods of analysis do
not distinguish between polymorphic forms, a physical method,
such as x-ray diffraction, must be used for a more complete char
acterization of such a sample.

Alexander and Klug (1), of Mellon Institute, have described
the theoretical background for the quantitative analysis of poly
component crystalline mixtures by x-ray powder diffraction, using
an internal standard. They have shown that the relationship
between the weight fraction, Xi, of the i th component and the ratio
of intensities of a diffraction line of the i th componellt, l;, to a
diffraction line of an internal standard, I., is given by:

Xi "" k 1;/1.

where k is a constant as long as the weight fraction of internal
standard is unchanged. Others have used this method for the
analysis of crystalline mixtures. As one example, Gross and
Martin (.n have used sodium chloride as an internal standard in
mixtures of calcium fluoride, magnesium oxide, and quartz. In
their case intensities were obtained from film patterns with the aid
of a densitometer.

spectrometers have heen used to measure intensities
of x-ray diffraction peal,s. Preferred crystallite
orientation has heen avoided hy special Olethods of"
saOlple preparation. The average deviation of the
results is of the order of 3%, hased on analysis of"
Olixtures of known cOOlposition. Such analyses go
heyond cheOlical Olethods and enahle one to deter
Oline the aOlount of each crystalline phase present.,
The total tripolyphosphate hy x-ray diffraction will
he identical to the chemical result for 'a fully crys
tallized saOlple, hut lower than the chemical result,
if SOOle of the tripolyphosphate is aOlorphous.

The availability of commercial direct-recording diffractometerSi
of high precision in angular and intensity measurements makes;
this method all the more attractive. Its speed is also an advan
tage. With certain limitations, discussed later, the results are
an important supplement to those obtained by chemical methods~
especially when the latter may not give reliable results for all!
compositions of interest.

The internal standard method of analysis was, therefore, ap
plied to mixtures of sodium pyrophosphate, the two anhydrous;
phases of sodium triphosphate, and the hexahydrate of sodium
triphosphate, covering the composition range 0 to 100% for
each component in mixtures with the others.

APPARATUS AND TECHNIQUES

Diffraction patterns were taken on both the General ElectriC'
XRD-3 and the North American Philips high angle diffractom
eters.. Either instrument is capable of sufficient resolution of
diffraction lines for these particular patterns. Intensities can be
measured with sufficient precision in reasonable time with either
instrument. As far as their application to this analysis is con
cerned, therefore, the two instruments perform equally well. In.
both cases corrections to intensities were made for nonlinear re
sponse of Geiger tubes and associated rate meter, scaler; and re-,
corder circuits. Nickel-filtered CuKa radiation was used
throughout.

Intensities of diffraction lines were determined as the difference
hetween the intensity at the peak of the line and an average back-

Peak Intensify
a 33.0 cps

46 44 42

Peak Intensity
g 39.8 cps

Difference II 30.8

26 24 22
Figure 1. MeasureOlent of Intensities

24.9 0 line intensity 30.8 counts per second
MgO line intensity 29.0 counts per second
Ra"tio of1ntensh:ies 30.8 + 29.0 = 1.06

1814
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ground reading calculated for the same angular position. This
background figure was determined by interpolation between read
ings made on either side of the diffraction line, in areas where no
diffraction lines occurred. Figure 1 shows typical recorder curves
-for a component and the magnesium oxide internal standard, with
-the intensity determination indicated. The actual intensity
readings, in counts (x-ray quanta) per second, were determined
·either by manual counting using the scaler or by conversion from
recorder chart reading to counts per second by appropriate cali
bration curves. More accurate results are obtained by the manual
method if sufficient time is spent in counting to reduce statistical
-error in the measurement to the required level.
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Magnesium oxide was chosen as an internal standard. Its
strong (200) reflection, occurring at 43.0° (angles are degrees 29),
is at a position where no phosphate lines occur, and was therefore
chosen as the standard. line. The amount of magnesium oxide
used is 10% by weight of the unknown sample.

MATERIALS

The phosphates and magnesium oxide used in preparing mix
tures of known composition were made as follows:

Sodium pyrophosphate, NaCP 20 7, by dehydrating the C.P. deca
hydrate.

MgO

•

Degrees 2.6 4;>

21.80

1

2..0 ',5

14.0·
•

Degrees 26 4~ 4p ~O Ip

MgO
I

3p 2,5 2.0

Fi!!ure 2. X-Ray Diffraction Patterns

1,5
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Sodium triphosphate phase I, Na,P.O,o I, by dehydrating and
tempering the hexahydrate of sodium triphosphate, Na,P.O,o.
6H20, at 550 0 C. for 2 hours.

Sodium triphosphate phase II, Na.P.OlO II, by dehydrating
and tempering pure hexahydrate at 450 0 C. for 2 hours. The
pure hexahydrate for the above two preparations was made by six
recrystallizations of a commercial phase II triphosphate from
aqueous solution by precipitating the hexahydrate with ethyl
alcohol.

Sodium triphosphate hexahydrate, Na.P30 lO.6H20. Pure phase
II prepared above was ground and screened through a 400-mesh
screen. This material was then vapor hydrated at 100% relative
humidity at room temperature. The resultant hydrate contained
22.73% water (theoretical for the hexahydrate is 22.71 %).

Magnesium oxide, MgO. C.P. magnesium oxide was used after
drying at 100 0 C. It was found desirable to store the dried
material over a desiccant.

PREI'ARATION OF MIXTURES OF KNOWN COMPOSITION

Before mixtures of known composition were prepared, the coarse
components were ground with mortar and pestle until they would
pass through a 400-mesh screen. The magnesium oxide was finer
than 400-mesh and was used without grinding. The method of
preparation gave triphosphate hexahydrate which would pass
through a 400-mesh screen without further grinding. Mixtures
were made so that the percentage of each component was varied
systematically over the range from 0 to 100%, both in binary and
in more complex mixtures of the four components.

Both these phosphate mixtures and their mixtures with 10%
added magnesium oxide were made uniform by four brushings
through a 200-mesh screen, a procedure described by Carl (3).
This mixing technique is adequate, as further mixing did not
change the relative intensities in the diffraction patterns. Care
must be taken to avoid loss of magnesium oxide dust by excessive
handling of the sample, as this will cause results to be too high.

1.2
o INTENSITIES FROM RECORDER

0
• INTENSITIES BY MANUAL COUNTING~ 1.1

'" J.O•CI>•_N O.

0.8
0
.... 007<I
a:

0.6
>....
f/) 05
Z
W 04....
Z

0

Figure 3. Calibration Curve for Na.P.OlOlI

24.9 0 28 line, 10% MgO added

ELIMINATION OF PREFERRED ORIENTATION

The preparation of the powdeor sample for the diffractometer
requires care in order to avoid preferred orientation of the phos
phate crystals, especially at the surface of the sample. This is
especially true for the platelets of hexahydrate.

The preferred procedure is to sift the powdered sample into a
windowed holder from the back side, close the back with a section
of a microscope slide, then gently place the sample in position on
the diffractometer. This procedure is very much like that de
scribed by Beatty (2). Practiee allows one to prepare a sample
by this method that will neither "sag" nor "crack" away from the

ANALYTICAL CHEMISTRY

Table I. Co:mposition of Mixtures Used for Calibration

Sample Na6PaOJoI, Na,P.OlO II, Na,P.OlO.6H,O, Na,P,O"
No. % % % %

1 100
2 20

90 10
3 80
4 75 25
5 75 25
6 35 65
7 50 50
8 50 50
9 50 50

10 40 40 20
11 25 75
12 25 75
13 80 20
14 10 90
15 10 10 80
16 100
17 60 40
18 100
19 100

front or top of the holder when placed in a vertical position on the
diffractometer. The sample holders used are made of aluminum
'/'. inch thick, 1'/s X 1.5 inches in dimensions. A rectangular
hole'/s X 1 inch is cut in the center of this fiat piece of aluminum.

The "windows" for these holders were thin sheets of plastic,
made as follows:

Two or three drops of a thin solution of Duco cement in ethyl
acetate is poured onto a quiet water surface in a large beaker or
crystallizing dish. This solution will spread until thin, and will
become a plastic film as the solvent evaporates. When nearly dry
(several minutes), a fiat metal ring is raised from below the water
surface through the film, which adheres to the edges of the ring.
The fingers may then be used to smooth wrinkles from the film by
pulling gently at the edges. When relatively smooth, the film is
further dried a few minutes in a 100 0 C. oven. The result is a
plastic film thin enough to show interference colors, but possessing
enough mechanical strength to hold the weight of the powdered
samples. The film is glued to the front face of the aluminum
sample holders with a water-soluble cement such as polyvinyl
alcohol. The ring on which the film was formed is a convenient
means for handling the film until it is glued to the sample holder

0...
::I

"-3
~

o.
Q
....
<Ia:

>....
f/)

Z
W....
Z

Figure 4. Calibration Curve for Na.P.O,. I

21.80 28 line, 10% M"O added
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0.8

0.6
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60 eo 90 100
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Figure 5. Calibration Curve for NaSP3010.6H20

14° 28 line, 10% MgO added

after which it can be trimmed around the edges of the holder
with a razor blade. Such a thin plastic film is practically non
absorbent to x-rays; no change in intensities could be detected on
patterns made with and without the plastic film over the sample.

Other methods of sample surface preparation were tried, but
none gave results as reproducible as did the one just described.
For example, samples were packed against the following surfaces:
ground glass, emery paper, sandpaper, the sticky' side of Scotch
tape, or friction tape. It was expected that upon removal of the
ground glass, Scotch tape, etc., a roughened sample surface would
be left essentially free of preferred orientation. Although none
of these methods was entirely satisfactory, packing against ground'
glass was second only to the preferred method and might be sat
isfactory for crystal mixtures less sensitive to orientation effects
than the phosphates.

DISCUSSION OF RESULTS

A discussion of the determination of the calibration curve for
phase II sodium triphosphate, for which the most data have been
taken, will serve as an example of the treatment of the experimen
tal data. Figure 2 includes the diffraction pattern for phase II,
as well as those for the other three phosphates included in this
study. The line spacings and intensities have not been tabulated,
as they are not needed for this discussion. Thilo and Seemann (5)
have recently published x-ray powder data for some of the sodium
phosphates. The phase II diffraction line at 24.9° was chosen
as the one whose intensity would be measured for this component.
This is not the strongest line of the phase II pattern, but it is one
of moderate strength which does not overlap diffraction lines of
other phosphates likely to be present at the same time.

Mixtures of varying phase II content, with various combina
tions of the other components, were made up, including 10% by
weight magnesium oxide. Table I is a tabulation of the com
positions used for calibration of all the components. The dif-
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fraction patterns for these mixtures were determined, and on each
of them the intensities of the 24.9° phase II line and of the (200)
magnesium oxide line were measured as described earlier and
illustrated in Figure 1. The ratio of the intensities of these two
diffraction lines was then calculated for each mixture, and these
ratios were plotted against weight per cent of phase II in the
sample (computed before addition of the internal standard).

A plot of such data is shown in Figure 3, where crosses repre
sent data obtained by manual counting of intensities, and circles
represent data obtained from automatic recorder charts. The
average deviation of the manual points from the best straight line,
is 2.75% absolute-for example, at a composition of 50% results
will, on the average, lie between 47.25% and 52.75%. The same
figure for the automatic points is about 3%. The best straight
line through the calibration points does not go through the origin,
as it should theoretically. This is due to the fact that a good
many of the known mixtures of phase II were made up with hexa
hydrate as one of the other components. There is a weak dif
fraction line at 24.9° in the hexahydrate pattern, which causes
the intensity ratios to be high, especially at low phase II con
tents. An obvious remedy for this situation would be to choose
another diffraction line of phase II for measurement. None
could be found that were not more seriously affected by interfer
ence from other components. A correction to the intensity of
the phase II line, proportional to the amount of hexahydrate
present, should be made. As this has not been done, the calibra
tion curve as drawn is a compromise. Results from it will be a
little high when hexahydrate is present, and a little low when it is
absent, and the effect will be noticed only at low phase II con
tents.

2.6

o
co
Z

'"'=JI

Q
I
~
0::

>
l
v;
Z
lIJ
I
Z

Figure 6. Calibration Curve for Sodiulll
Pyrophosphate

26.4° 28 line, 10% MgO added

Similarly, the calibration curves for the other components were
obtained. Only the more accurate intensity ratios determined
by manual scaling are plotted. In the case of phase I, whose cali
bration curve is given in Figure 4, the 21.8° line was measured
(see Figure 2). The 29.1 ° line is sometimes useful also. In the
phase I case the manual points (crosses) have a smaller average
deviation from the mean than was the case for phase II.
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to choose any known mixture as an UD

known, analyzing it by using the cali
bration curves determined from the
other standard mixtures. Table II in-
cludes such a treatment for two of the
known mixtures. The results found
are obtained by applying the calibration
curves to the intensity ratios obtained
experimentally for these samples, and
are typical of those to be expected on
unknowns. Some analyses of typical
commercial sodium tripolyphosphates

and a partially hydrated sample are also given in Table II.
There are several possible sources of error in this method of

analysis. The most serious one, because it is so subtle, is the
possible presence of amorphous material in a sample. When
such is the case, there cannot be good agreement between results
by this method and chemical methods. This method actually
measures the weight fraction of crystalline components. Lack
of reproducibility in sample preparation, chiefly due to crystal
orientation, is probably the next most serious cause of error, or
lack of precision in results. For example, while the average de
viation of results of repeat runs on a single sample ranges from 0.5
to 1%, the average deviation of runs on a number of preparations
of the same sample is roughly 2%, nearly as great as the average
deviation of the calibration data as a whole. Statistical errors
in the determination of intensities may be appreciable if intensi
ties are low and sufficient time is not taken to measure them.
Intensity measurements can probably be made more precise by
measuring diffraction line areas, rather than diffraction peak
heights.

None
None
None

47

9

A
B
C

D

Table II. Analysis of Unknowns
Sample N",P,OIO I, Na,P,OIO II, Na,P,OIO.6H,O,

No. % % %
10 Actual .... 40 40

Found.... 42.5 37
Actual 50 50
Found 48.5 51

Found 65.5 29
Found 9.5 83
Found 27.5 58.5

Found None 45

Sample Type

Mechanical mixture

Commercial triphosphate

Hydrated triphosphate

The calibration curves for the hexahydrate of triphosphate and
sodium pyrophosphate are given in Figures 5 and 6. The 14 0 line
(see Figure 2) is measured for the hexahydrate; the stronger 8.7 0

line must be avoided, because it is very sensitive to orientation
effects. In the case of the pyrophosphate, the diffraction line at
26.4 0 is measured.

A glance through Table I, the tabulation of compositions of
standard mixtures, shows that samples of all combinations of the
components were not prepared. This is not necessary, however,
for as Alexander and KIug (1) point out, the matrix (that part of
the sample other than internal standard and component being
measured) does not affect the ratio of intensities of the component
and internal standard, since the mass absorption coefficient for
the matrix, determined by its composition, affects the intensities
of diffraction lines for both the internal standard and the compo
nent by the same factor.

It is intended to extend the method to include other sodium
phosphates. Sodium trimetaphosphate, phase I, has been in
vestigated briefly, and its diffraction line at 26.2 0 will probably
be chosen for measurement. Although this line is close to the
26.4 0 pyrophosphate line, the two are adequately resolved to allow
intensity measurement except when the pyro content is very high
and the trimeta content is very low.

ACCURACY OF RESULTS

An idea of the accuracy of these analyses may be obtained by
leoking at the consistency of the calibration data. As mentioned
above, the average deviation of points from the calibration line
for phase II is 3% or less. The results for phase I and pyrophos
phate are better than this, while those for the hexahydrate are not
so good. Another way of looking at the consistency of results is

Determination of Naphthalene in Wash Oil and Coke
Oven Gas

Infrared and Ultraviolet Spectrometry

N. J. KLEIN AND G. W. STRUTHERS
Polychemicals Department, E. I. du Pont de Nemours & Co., Inc., Charleston, W. Va.

I N PROCESSING and purifying coke oven gas by wash oil
scrubbing it is desirable to have rapid methods for the deter

mination of naphthalene in both the gas and the wash oil. The
method most generally applied to wash oil involves volatilization
of the naphthalene with a stream of hot air into a solution of
picric acid (2), thereby precipitating the picrate. Another
method (3) requires distillation of the wash oil and isolation of the
fraction boiling between 195 0 and 250 0 C. This fraction is then
chilled and the solid naphthalene filtered and weighed.

More recently (4), Reichardt and White reported a modifica-

tion of the volatilization procedure in which the analytical
manipulations were reduced to a minimum. Their method uti
lizes a titration of the excess picric acid after formation of the
naphthalene picrate. Good accuracy and precision were ob·
tained for the specific wash oil used. Schubert (5) reports an
optical method, in which the freezing point of the sample i3
compared with that of a naphthalene-wash oil standard.

Naphthalene in gas (1) is usually determined by passing
the latter through a picric acid solution, filtering off the picrate,
and estimating the naphthalene either gravimetrically or volu·
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Table II. Interferences"

where A absorbance of sample
A l absorbance of standard
W n = weight of naphthalene, grams in standard
W. = weight of sample, grams

Interferences. The interfering compounds which were
studied were divided into two classes (Table II): compounds
whose presence might be expected in wash oil and those related
structurally to naphthalene but not likely to be present.

Table I. Approxixnate Size of Wash Oil Saxnple for
Na phthalene Deterxnination

Concentration Approximate Approximate
Level. % Sample Weight, Grams" Sample Volume, MI.

0.50 16.00 18.4
1.00 8.000 9.2
1.50 6.000 6.9
2.00 4.000 4.6
2.50 3.500 4.0
3.00 3.000 3.5
3.50 2.500 2.9
4.00 2.000 2.3

" These weights will give ahsorhance values of approximately 0.300 at
their respective concentration levels.

The interfering compound was added to a lOo-ml. flask (con
taining wash oil and naphthalene) in an amount about 10 times
the weight of naphthalene in the sample. The flask was diluted
to volume with iso-octane and the absorbance of the solution
measured in the manner already described. If more than a 2%
relative error in the calculated absorbance was observed, another
solution was prepared containing half as much of the interfering
compound. This process was repeated until an absorbance
error not exceeding 2% relative was obtained.

In some cases-Le., phenol, xylene, and the two alpha-sub
stituted naphthalenes tested-it was found that when the amount
listed in Table II under maximum concentration for 2% relative
error was doubled, a three- to sevenfold increase in relative error
was observed. The data in Table II show the magnitude of
the interference of these compounds.

Of the interfering compounds that might be present in the wash

879
536b
866

43b

Interfering
Compound

Benzene
Phenol
Toluene
Xylene

Maximum
Weight Relative Concn. for

Added, Mg. Error, % 2% Relative Error. Mit.

Compounds Likely to. Be Present

879 1.0
536 1.0
866 0.6

43 1.0

Compounds Not Likely to Be Present

Anthracene c 1000 1 .3
I-Methylnaphthalene 10 1.2
2-Methylnaphthalene 497 1. 9
I-Naphthol 10 1. 0
2-Naphtholc 1000 0.9

a All solutions contained, in addition, about 2.800 grams of wash oil and
0.0850 gram of naphthalene diluted to a final volume of 100 m!. in iso-octane.

b .Any additional amount of the interfering compound would be likely to
give an error greater than 2%.

c Only slightly soluble in iso-octane.

INFRARED MEASUREMENT. Set the slit schedule to obtain 1lI.
slit width of 0.222 mm. at 12.50 microns. Adjust the gain
to place the base line in the high transmission region and balance.
the instrument (0.0 at 12.62 microns) by means of the lithium
fluoride shutter. Make all measurements with a speed setting
of 4, and a response setting of 3.

Fill a 0.5-mm. cell with the dry wash oil-iso-octane solution
and scan over the range of 12.50 to 13.02 microns. Remove the
cell, empty, and clean with iso-octane. Refill the cell with a
portion of the wash oil-naphthalene-iso-octane standard con
taining a weight of wash oil nearest to the sample weight taken.
Scan the standard over the same spectral range of 12.50 to 13.02
microns.

CALCULATIONS. Draw a straight base line across the 12.77
micron absorption band on both the sanlple and standard scans.
Measure and record the absorbance of the band from base line
to peak for each scan and calculate the naphthalene content
of the sample as follows:

Naphthalene, % = A~, X W n X 100W.

Apparatus. Spectrometer. Perkin-Elmer model 12-C, with
sodium chloride optics.

One 0.5-mm. sodium chloride cell.
Reagents. Iso-octane, Phillips 66 pure grade, or comparable,

free of absorption peaks between 12.50 and 13.25 microns.
Sodium chloride, U.S.P.
Naphthalene, C.P.
Fresh wash oil, free of naphthalene absorption peaks.

The classical picrate xnethods for deterxnining naph
thalene in wash oil and coke oven gas were tixne-con
suxning and not wholly quantitative. Poor recovery
was experienced in tests where known axnounts of
naphthalene were added to wash oil. Spectrophoto
xnetric xnethods were developed for deterxnining
naphthalene in wash oil by infrared, and in coke
oven gas by ultraviolet, techniques. Naphthalene
concentrations in coke oven gas as low as 0.001% can
readily be xneasured, as can concentrations up to 4%
in wash oil. Accuracy of the xnethods is 0.5% rela
tive. The spectrophotoxnetric xnethods are direct,
sixnple in application, and specific, and offer a definite
ixnprovexnent in sensitivity, accuracy, and analysis
tixne. No significant interferences are encountered
froxn the xnore coxnxnon coxnpounds associated with
naphthalene. The xnethods have been applied suc
cessfully to routine plant saxnples.

metrically. In general these methods are time-consuming and
not readily adaptable to routine plant control.

In this laboratory rapid methods were developed and success
fully applied for determining naphthalene in wash oil by infrared
absorption and in coke oven gas by ultraviolet techniques.

The method utilizes the intensity <if the specific naphthalene
absorption band at 12.77 microns as a quantitative measure of
the naphthalene content of the wash oil. Compensation is made
for the slight absorbance exhibited by wash oil itself at this wave
length. 2,2,4-Trimethylpentane (iso-octane) is used as the sol
vent for the wash oil samples, and in this medium the back
ground absorbance of the oil is fairly linear with its concentration.
The amount of naphthalene in an unknown oil sample can be
determined by comparing it to a standard solution of naphtha
lene-wash oil in iso-octane. The standard naphthalene solution
is prepared to contain a weight of wash oil approximately equal
to the weight of the sample being tested. This makes it un
necessary to use an accurately calibrated cell in the analysi~.

The procedure is designed to cover a concentration range of
0.50 to 4.00% naphthalene in wash oil. A sample weight is
selected which will place the naphthalene content of the iso
octane solution between 0.005 and 0.10%. In this range the
best linearity is obtained between absorbance and concentration.

NAPHTHALENE IN WASH OIL BY INFRARED ABSORPrION

Procedure. PREPARATION OF STANDARDS: Weigh accurately
0.0800 ± 0.0002 gram of pure naphthalene into each of eight
100-mI. volumetric flasks. Add to the flasks 2.000, 2.500, 3.000,
3.500, 4.000, 6.000, 8.000, and 16.000 ± 0.001 grams, respectively,
of naphthalene-free wash oil.. Dilute each flask to volume with
iso-octane and mix thoroughly. Transfer and store these stand
ards in well-stoppered glass bottles, labeling each with the exact
weight of naphthalene and wash oil added.

PREPARATION OF SAMPLE. Weigh 4.000 ± 0.001 grams of
wash oil sample into a clean 100-ml. volumetric flask. This
weight of sample is usually sufficient for wash oil containing from
1.50 to 2.00% naphthalene. (See Table I for sample sizes of
wash oil containing more or less naphthalene. The absorbance
should fall between 0.090 and 0.360.) Dilute the sample to
volume with iso-octane and mix thoroughly. Dry a portion of
this solution by shaking with 0.5 gram of sodium chloride in a
25-ml. volumetric flask. This step is taken to protect the sodium
chloride cell from any water present in the sample.
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a Test solutions were prepared by adding known weights of C.P. naphtha
lene to a definite weight of wash oil.

Table III. Accuracy and Precision Data for Naphthalene
in Wash Oil Samples

Accuracy Naphthalene, %
Test· Added Found

1 0.51 0.51
2 1. 01 1.01
3 1.50 1.51
4 2.00 2.02
5 2.49 2.49
6 2.98 2.99
7 3.48 3.46
8 3.99 4.04

oil, xylene can be tolerated least. Its absorption bands lie close
to either side of the 12.77-micron naphthalene band, thus dis
torting the normal base line of the latter. Benzene, phenol, and
toluene cause much less trouble and can be tolerated in greater
concentrations.

The compounds that are not likely to be present, but which are
of interest, interfere considerably more. The I-substituted
naphthalenes, in particular, depress the naphthalene absorption
band about equally, and consequently neither one can be present
if the parent compound is to be measured. The 2"substituted
isomers cause less difficulty and may occur in concentrations
approximately five times that of the naphthalene. Anthracene
ll,nd 2-naphthol are only slightly soluble in iso-octane and no
toleration limits are given for them in Table II. The errors noted,
therefore, are for iso-octane solutions saturated with respect to
those two compounds.

Accuracy and Precision. The results from testing in duplicate
a series of eight samples, each containing a known weight of
naphthalene in wash oil, show the method to have 95% confidence
limits of ±0.04%. These samples included a naphthalene range
from 0.50 to 4.00%. By testing 10 separate portions of a stand
ard containing 2.49% naphthalene the precision of the method
was shown to be 3.2% relative (2 sigma or 95% confidence).

The results of the analyses for accuracy and precision are
tabulated in Table III.

a

9.50
9.15
8.90
9.10
9.08

A

0.095
0.183
0.267
0.364
0.454

318.5 m!'

0.017
0.025
0.040
0.050
0.062

311.5m!,

0.174
0.335
0.493
0.652
0.812

Absorbance
309m!,

0.102
0.196
0.292
0.371
0.462

Table IV. Absorptivity, a, from Naphthalene Standards'

Naphthalene
in

Cyclohexane,
Mg. per 100 MI.

1.0
2.0
3.0
4.0
5.0

Two matched 10-cm. silica cells.
Calibrated wet test meter.
Dewar flask, pint or quart capacity.
Scrubber tube, borosilicate glass, 20- to 25-mm. inside diameter,

7 to 8 inches long, and of approximately 100-m!. capacity, fitted
with a cork through which are passed a gas outlet tube several
inches long, and a gas inlet tube on the bottom of which is a
medium grade, fritted-glass sparger.

Cyclohexane, any grade, free of absorption peaks between 305
and 320 miL when referred to distilled water.

Procedure. CALIBRATION OF SYSTEM. The naphthalene,
cyclohexane system conforms to Beer's law over the concentra
tion range of 0.001 to 0.005% naphthalene. The system was
calibrated by measuring the absorbances of a series of naphtha
lene standards at 309, 311.5, and 318.5 miL and calculating· the
absorptivity, a. These standards were prepared from a 0.01 %
stock solution of pure naphthalene in cyclohexane by diluting
10-, 20-, 30-,40-, and 50-m!. aliquots to 100 m!. with cyclohexane in
separate 100-m!. volumetric flasks. The true absorbance, A,
for naphthalene at 311.5 miL was determined by the procedure'
outlined below for sample analysis. The data are tabulated in
Table IV. An a value of 9.15 was obtained (a = A/be where b
is the cell length in centimeters, and e is the concentration in
grams of naphthalene per 100 ml. of cyclohexane).

COLLECTION AND PREPARATION OF SAMPLE. Place 100 m!.
of cyclohexane in the scrubber tube and close with the stopper
carrying the gas inlet sparger tube and the gas outlet tube.
Place the assembled scrubber tube in a Dewar flask containing
an ice-water slurry, and maintain the temperature of the cyclo
hexane at about 10° C. (The freezing point of cyclohexane is
approximately 6.50 C.)

Open the valve of the gas sampling line and purge sufficiently
to ensure collecting a representative sample. Close the valve.
Attach the inlet sparger tube to the sample line valve with a suit
able length of rubber tubing and similarly connect the gas outlet
tube to a calibrated wet test meter. Open the sample line valve
cautiously and adjust the flow of. gas through the sparger tube to
give a rate of about 1 cubi~ foot per hour. Pass about 2 cubic
feet of gas through the cyclohexane scrubber, close the sample
line valve, and record the.exact volume of gas measured by the
wet test meter. Disconnect the sparger tube.

ULTRAVIOLET MEASUREMENT. Carefully transfer the cyclo
hexane from the scrubber tube into a clean 100-m!. volumetric
flask and dilute to volume with cyclohexane. Fill the reference

Naphthalene, %

2.54
2.45
2.44
2.53
2.49
2.49
2.50
2.48
2.43
2.44

2.48
0.04

2.48 ± 0.08

Precision
Test

1
2
3
4
5
6
7
8
9

10

Average
Standard deviation
95 % confidence

limits

Average

• O.4O-mm. slit; lO-cm. silica cells; 0.002 cell correction.

Accuracy and Precision Data for Naphthalene
in Coke Oven Gas'

Accuracy Naphthalene, Mg.
Test Added Found

1 10.6 10.6
2 15.8 15.8
3 20.3 20.2
4 24.6 24.7
5 30.4 30.9

NAPHTHALENE IN COKE OVEN GAS BY ULTRAVIOLET
ABSORPTION

In determining naphthalene in coke oven gas advantage is
taken of the greater sensitivity of ultraviolet measurements as
compared to infrared. The naphthalene content of coke oven
gas is determined by scrubbing the gas with cyclohexane and
measuring the ultraviolet absorption of the cyclohexane-naphtha
lene solution at 309,311.5, and 318.5 miL. Naphthalene exhibits
an absorption maximum at 311.5 miL and minima at 309 and 318.5
miL in cyclohexane.

The true absorbance for naphthalene at 311.5 miL is obtained
by subtracting from the observed reading the corrected base line
absorbance calculated from the absorbances observed at 309
and 318.5 miL. This correction is calculated according to the
theorem which states that the coordinates of a point, P3, on a
straight line, PIPZ, where P. divides P,P2 in the ratio m,m. may

(
m1X2 + m2X, m'Y2 + m2Y ,) .

be represented as m, + m2 ' m, + m. Knowmg the

absorptivity, a, for the system and the volume of gas sampled,
the naphthalene content can be calculated.

Table V.

Precision
Test

1
2
3
4
5
6
7
8
9

10

Average
Standard deviation
95% confidence limits

Naphthalene, Mg.

10.6
10.7
10.7
11.1
10.4
10.8
10.9
10.5
10.8
10.5

10.7
0.21

10.7 ± 0.42

9.15

Apparatus and Reagents. Beckman model DU photoelectric
quartz spectrophotometer, with ultraviolet light source.

a Test solutions were prepared by adding known weights of C.P. naphtha
lene to cyclohexane.
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and sample cells with cyclohexane and detennine the cell absorb
ance corrections at 309, 311.5, and 318.5 mIL with the spectro
photometer using a slit width of DAD mm. Empty the sample
cell and fill it with the sample solution. Measure the absorb
ance at 311.5 mIL and OAO-mm. slit width. If the absorbance
is greater than 0.600, dilute 50 ml. of the solution to 100 ml. with
cyclohexane. Using the same slit width, measure the absorb
ance of the final sample solution at 309, 311.5, and 318.5 mIL.

CALCULATIONS. Correct the observed sample absorbances for
the cell absorbance corrections previously made. Using the
corrected sample absorbances, calculate the base line absorbance
of the naphthalene at 311.5 mIL by means of the following formula:

An = (0.74 X A 3o.) + (0.26 X Am.•)

Subtract this absorbance from that read at 311.5 mIL to give the
absorbance from naphthalene only:

A = A 311.5- An

G = 1543 A
9.15 V

where G = grains of naphthalene per 100 cubic feet of gas
and V = volume of gas sampled, cubic feet

If dilution of the initial 100-ml. sample volume was necessary,
the proper dilution factor must be incorporated into the above
calculation.

Interferences. No adverse effects on the determination of

1821

naphthalene by this method were observed from the presence of
light oils (benzene, xylene, and toluene) when added to naphtha
lene-cyclohexane solutions. These light oils are the most likely
interfering compounds present in coke oven gas.

Accuracy and Precision. The accuracy of measuring naphtha
lene in cyclohexane by this method was detennined by analyzing
five samples, each containing a known weight of naphthalene in
cyclohexane. The 95% confidence limits as determined from this
data are ±0.42%.

Precision was determined by analyzing 10 separate portions of
one of the standard samples which contained about 10 mg. of
naphthalene per 100 mI. of cyclohexane. The results show a rela
tive error for precision of 1.6%.

The data for the accuracy and precision tests are tabulated in
Table V.
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Flame Spectrophotometric Determination of Sodium and Potassium
In Viscous Solutions or Plant Extracts

HOWARD M. BAUSERMAN AND ROB ROY CERNEY, JR.l

Research Laboratory, American Crystal Sugar Co., Rocky Ford, Colo.

A new :rnethod was needed for the routine deter:rnination of sodium and potas
siu:rn in plant extracts, using the Beck:rnan Model DU spectrophoto:rneter and
its f1a:rne attachment. The principle of operation of this instru:rnent is such
that viscosity and other characteristics of the fluid under test affect the f1a:rne
color intensity. When properties of the fluid carrier alter the flame color in
tensity, this instru:rnent is ideally suited to the application of a lithiu:rn internal
standard :rnethod. Synthetic organic :rnixtures in solutions containing known
quantities of the ele:rnents in question were tested. The apparent conceJ;ltrations
of sodiu:rn and potassiu:rn found spectrophotometrically could be corrected by use
of concentration correction factors. Based on this work, a controlled analytical
method is developed for solutions having characteristics differing from water.

T HE instrument used in all the following experimental work
was the Beckman Model DU spectrophotometer and the

Model 10300 flame attachment, described by Gilbert et al. (6).
It is set to measure the intensity of one of the characteristic
wave lengths of light produced by exciting the element in question
in an oxygen-natural gas flame. In this instrument the rate of
introduction of the solution containing the element is controlled
by causing it to pass through a glass capillary tube under a con
stant pressure differential. 'When the unknown solution has the
same physical characteristics as those of a known standard solu
tion, the rate of introduction will be the same, and the line in
tensities can be directly related to concentrations (3).

Often the material to be tested will have various kinds of
organic matter as contaminants. The resultant changes in vis
cosity and surface tension may cause the unknown sample to be
introduced at a rate different from that of the known standard
solution (4, 10). Various authors (1, 2, 7, 9, 11-13) have pro
posed wet or dry ashing of the sample to remove organic matter

1 Presen(, address, Ideal Cemen(, Research Labora(,ory, BoeMcher, Colo.

or have proposed to ignore its presence. To avoid ashing, other
workers (4, 8, 10) have proposed that the same amounts of or
ganic matter be added to the standard solutions as were contained
in the unknown solution. If this method is used, the samples
must contain a relatively constant concentration of the contami
nants.

When the unknown solutions have variable physical charac
teristics, particularly in regard to viscosity, the rate of intro
duction varies and a problem presents itself, as the concentrations
are not directly correlated to line intensities. Such a problem,
which becomes acute in the case of certain plant extracts, can be
solved by the introduction into the solution of a rarely occurring,
element, in this case lithium. Lithium has been used as an inter
nal standard in other types of flame photometers for a number of
years (4, 10). Its use, however, with the Beckman instrument
for this purpose has been discouraged (6) because of uncom
pensated errors that may arise. As these errors may be signifi
cant in precise work, they should be appropriately compensated
by the means of the conditions stipulated below.

Errors due to interference caused by the presence of ions other
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Instrument Settings Used to Prepare Calibration Curves
Pressures

Natural gao>

Wave Oxygen, Air,
(950 B:t.u.)".

em. 180-
Length, inches lb'/sq. propyl

M" water inch alcohol

670.8 36 25 4.0
589 42 25 4.0
767 36 25 4.0

Slit
Width,

Mm.

0.030
0.065
0.037

2.5
2.5
2.5

Table III. Emission (Transmittance Dial Readings)
Obtained from Solutions Used to Prepare Calibration

Curves
(Transmittance units)

Element Element
~luS 4% plus 8%

Element Element Element ucrose, S'llcrose,
Conen., Element plus 4% plus 8% plus 00% 10% 10%
P.P.M. Only Sucrose Sucrose Alcohol Alcohol Alcohob

Lithium

0 0.1 0.0 0.0 1.0 1.0 1.()
75 51.3 35.2 28.2 57.1 43.2 36.2'

150 71.2 54.2 45.3 78.5 63'.5 56.2'
300 92.7 75.1 66.0 W3.! 85.9' 76.fr
375 000.0 82.3 73.0 111.0 93'.2' 84.0'

Sodium

0 0.0 2.2 2.6 2.3 2.Z 2.0
40 46.2 34.0 28.2 53.5 40.2 35.0'

000 73.7 55.8 48.8 84.2 65.8 57.2
140 85.8 67.0 59.1 96.9 78.1 68.li
200 100.0 78.8 70.0 112.0 91.2 80.8

Potassium

0 0.3 0.3 0.3 0.5 0.7 0.8
30 26.5 16.8 11.3 35.8 20.8 16.8
75 62.7 41.2 31.7 75.3 51.0 41.2

005 81.0 55.3 45.8 92.3 66.8 57.2
150 000.0 73.8 60.3 116.0 86.2 75.1

each curve. To do this six sets of solutions were prepared, each
composed of five standard solutions having final concentrations<
as shown in Table 1. These were made by using appropriate
amounts of stock solutions of lithium, sodium, and potassium
in 100-mI. volumetric flasks.

Sensitivity,
Turns from
Full Clock-

wise
Selector
Switch

0.1
0.1
0.1

Concn. of
Std.,VB.
100% T

375
200
150

Table II.

Element

Li
Na
K

than sodium and potassium are
not con.~id\!.!\!.dh\!.!\!.. Thi(;; \lh3£'~
has been covered (1, 3-'1, 9, 12).

This laboratory has had the
project for the past 3 years of
determining sodium and potas
sium in solutions with slightly
varying sugar content. This
problem was partially overcome
by adding sugar to the stand-
ards in amounts equal to the
average sugar content of the solutions to be tested and standardiz
ing the instrument under these conditions. This method was
satisfactory until it was decided to analyze some sugar factory
juices of widely varying organic content. The problem was even
more difficult when alcohol was present. If the direct method
employing compensated calibration curves were used, the prepara
tion of calibration curves to fit all ooncentrations of sugar and
alcohol would be a practically impossible task. A search of the
literature indioated that, with care to avoid noncompensated
errors, an internal standard might be used with the Beckman
instrument (2), although no actual experimental work has been
reported which uses the method described here. An investiga
tion of this problem was undertaken and a controlled precision
method has been developed which is unusual in that the emission
of the unknown ion is not related to the emission of the internal
standard ion. Rather, concentration factors are used. The
method has been successfully applied to beet root water extracts
clarified with lead acetate, factory diffusion juice, carbonated
factory juices, and sulfured factory juices preserved by the ad
dition of alcohol. The method has not been applied to, but would
seem equally pertinent for, any plant extract material not con
taining large particles of suspended matter. The concentrations
of the sodium and potassium should be adjusted to be in the upper
range of the calibration curves, by proper selection of the highest
standard solution for setting the 100 T point of the oalibration
curve. This laboratory has had better success when the concen
trations range between 50 and 500 p.p.m.

Table I. Concentrations of Elements in Solutions Used
to Prepare Calibration Curves

Standard Final Concentrations, P.P.M. Element
Solutions Li Na K

1 0 0 0
2 n ~ w
3 1W 000 n
4 300 140 105
5 37S 200 150

The physical characteristics of each of the six sets were made
different by introducing varying amounts of sucrose and alcohol
according to the following directions: To set 1, add 10 mI. of
alcohol to each of the five flasks comprising it; to set 2 add
nothing; to set 3 add 4 grams of sucrose and 10 ml. of alcohol
to each flask; to set 4 add 8 grams of sucrose and 10 ml. of
alcohol; to set 5 add 4 grams of sucrose only; and to set 6
add 8 grams of sucrose only. Finally, make all solutions to
lOO-mI, volume with distilled water.

120

EXPERIMENTAL

The reagents used in the following work were made up from
materials of the highest purity obtainable, with the exception
of ethyl alcohol. Solox, a specially denatured ethyl alcohol, was
employed, as a suitable substitute for the pure alcohol, because
of its low cost. The other reagents were lithium chloride,
potassium chloride, sodium chloride, and sucrose. The manu
facturer's assay reported 0.02% sodium in the potassium chloride,
0.01 % potassium in the sodium chloride, and 0.13% other
alkali salts as chlorine in the lithium chloride. The sucrose
contained about 0.001 % sodium. All these amounts of trace
impurities are unconsequential except the sodium in the sucrose,
which would amount to less than 1 p.p.m. in the final solution.
Lithium chloride is a difficult reagent to use for a standard
concentration solution. The chloride was chosen to eliminate
interference effects that result from a second anion. The errors
due to the presence of secondary ions are not considered here.
Small enol'S in lithium concentration are of no consequence if
the same lithium stock solution is used throughout a test series.

100 .

Li+IO%alcohof

Li only

Li "4%5UC~ IO%alc.

Li +8%,uc,+10%alc.
U"4%sucrose

Li"8%sucrose

75 150 225 300 375-
PPM, LITHIUM

Figure 1. Lithium Curves.

0'-----'-------'-----'-------'----------'
oPREPARATION OF CURVES

To study the effects of varying viscosity, eighteen curves, six
for each element, were prepared as determined by five points for
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No·IO%olcohol

rOO No only
No· 4%suc.•10%olc.

80 No-8% suc .•IO%olc.

.... Na+4% sucrose
v
Z No.8% sucrose<
!: 60
~

'"Z
< 40'"...

°O'---....I.----'-----l.--~
50 100 150 200

P.P.M. SODIUM

Figure 2. SodiuDl Curves

tion factor could be derived, which, when applied to the apparent
sodium and potassium concentrations found, would give the true
concentrations of these elements. This correction factor value
is calculated as a ratio value obtained by dividing the actual
parts per million of lithium added by the parts per million of
lithium found from the transmittance reading. This ratio value
is referred to as the concentration correction factor.

To use the curves for calculating the experimental values, the
values of the ratios of concentrations at comparable trans
mittance readings are first calculated. Examination of the
lithium only curve (Figure 1) at transmittance 100 shows that
the concentration of lithium is 375 p.p.m., having been so set.
Following the 100 transmittance line across to the lithium +
10% alcohol curve, the corresponding concentration of lithium
is 277.5 p.p.m. The concentration correction factor is obtained
by finding the value of the ratio 277.5/375, which is 0.74. This
factor will convert the apparent parts per million found in the
10% alcohol solution to the true concentration. It will be
shown that this factor, 0.74, holds very closely, regardless of
what transmittance reading is chosen, provided that the lithium
only and the lithium plus 10% alcohol are the curves under con-

DISCUSSION

%T
375

P.P.M.

Average Value of
Largest Lithium

Largest Devia- from
Ratio Devia- tion, Table

Curve Li Na K tion % III
10% alcohol/element only 0.75 0.75 0.79 0.04 5.2 111.0
4% sucrose plus 10% 1. 26 1. 26 1. 28 0.02 1.6 93.2

alcohol/element only
8% sucrose plus 10% 1. 65 1.65 1.60 0.05 3.1 84.0

alcohol/element only
4% sucrose/element only 1. 72 1.74 1.65 0.09 5.3 82.3
8% sucrose/element only 2.37 2.26 2.14 0.23 10.2 73.0

Table IV. Calculated Ratios or Concentration Correction
Factors

Value Average
Trans- of Value of

Curves mittance Ratio Ratio Ratio

A. Lithium

Li plus 10% alcohol/Li only 100 277.5/375 0.74
70 112.5/147 0.77 0.75

Li plus 4% sucrose, 92 367.5/295 1.25
10% alcohol/Li only 62 142.5/112.5 1.27 1.26

Li plus 8% sucrose, 82 359/217.5 1.65
10% alcohol/Li only 60 172.5/105 1.64 1.65

Li pi us 4 % sucrose/Li only 82 372/217.5 1.71
62 193/111 1.74 1,72

Li plus 8% sucrose/Li only 72 368.5/157.5 2.34
52 190/79 2.41 2.37

B. So1lium

Na plus 10% alcohol/Na only 100 151/200 0.75
72 72/96 0.75 0.75

Na plus 4% sucrose, 90 195/155 1.26
10% alcohol/Na only 66 100/79.5 1.26 1.26

Na plus 8% sucrose, 80 197/126 1.65
10% alcohol/Na only 64 124/75 1.65 1.65

Na plus 4% sucrose/Na only 76 185/107.5 1. 72
54 95/54 1.76 1. 74

Na plus 8% sucrose/Na only 70 200/90 2.22
54 120/52 2.31 2.26

C. Potassium

K plus 10% alcohol/K only 100 118/150 0.79
60 55/70 0.79 0.79

K plus 4% sucrose, 86 149.5/117 1.28
10% alcohol/K only 52 77/60 1.28 1. 28

K plus 8% sucrose, 74 147.5/93.0 1. 59
10% alcohol/K only 56 103/64 1.61 1.60

K plus 4% sucrose/K only 72 146/89.5 1,63
52 98/59 1,66 1.65

K plus 8% sucrose/K only 60 149/70 2.13
32 75/35 2.14 2.14

Table V. CODlparison of Calculated Ratios

K"4%suc.+ IO%alc.

K·10% alcohol

K only

K+8%sLlc+IOO./o a lc
K+4%5ucrose

120

100

80...
v
Z
<

601=
~
'"Z
< 40e:

20

0
0 30 60 90 120 ISO

P.P.M. POTASSIUM

Figure 3. Potassiu:rn Curves

In a solution containing unknown amounts of organic material,
accurate determination of sodium and potassium using the Beck
man flame spectrophotometer presents a problem due to the
different rates at which the samples are introduced into the flame.
This problem has been satisfactorily overcome by the addition of
a known amount of lithium to the solution. Alcohol and sugar
were added to known solutions to determine whether a correc-

Lithium, sodium, and potassium were then read on the flame
spectrophotometer, using the instrument settings as shown in
Table II. The amount of light emitted by the characteristic
spectral line is reported here as per cent transmittance or trans
mittance units, as it is the reading taken from the transmittance
dial on the colorimeter portion of the instrument.

The initial 100% transmittance setting on the instrument is
always made using the solution containing 375 p.p.m. of lithium
only, 200 p.p.m. of sodium only, and 150 p.p.m. of potassium only,
respectively. The transmittance units found are recorded in
Table III. Each value represents an average of five readings.
These values are not absolute. Among other things, they depend
upon the capillary tube used. All transmittance units shown
in Table III are plotted in Figures 1, 2, and 3.
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sideration. Likewise. the concentration correction factor should
be nearly 0.74 when similarly calculated from either the sodium
only and sodium plus 10% alcohol curves, or the potassium only
and potassium plus 10% alcohol curves.

In Table IV a tabulation of concentration correction factors is
found. Arbitrary but high transmittance readings were used in
order to improve the accuracy of the calculations of the factors.
A comparison of the average ratios for the three elements is given
in Table V. As the concentration of the various organic matters
is altered, so that the rate of introduction and flame temperatures
become less similar to the conditions holding during introduction
of the standard solutions, the error increases significantly.

The last column in Table V shows the transmittance values
obtained for the 375 p.p.m. lithium plus the organic mixtures,
after the instrument has been previously set at 100 transmittance
units with the 375 p.p.m. lithium only solution. Such values,
established by preparing known solutions similar to the un
known solutions, can be used as the criteria for establishing the
accuracy of analysis that may be anticipated when working with
organic mixtures of unknown composition. In sample analysis
it is preferable to bring the lithium reading of the sample as close
to the standard lithium reading of 100 as possible.

The principle of opemtion of the ordinary internal standard
technique presupposes that the emission-concentration curve
of the internal standard element will be similar in shape to the
curve of the unknown element. That this is not true has been
shown by many workers and can be seen by reference to Figures 1,
2, and 3. If emissions are used to calculate the correction factors
rather than using concentration correction factors, gross errors
will be found.

A calculated example will make this point clear. Assume 375
p.p.m. lithium is added to a sample and that it then contains
8% sucrose and 10% Solox. The instrument would first be set
on 100 T, using a 375 p.p.m. lithium only solution. Reference
to the appropriate curve of Figure 1 shows that the sample
would report 84.0% T. The emission factor would be 100/84.0
= 1.19. If the sample contained 150 p.p.m. of potassium, it
would report 75.1 % T (Figure 3). 75.1 X 1.19 = 89.4. Refer
ence to the potassium only curve (Figure 3) shows 89.4% T is
123 corrected p.p.m. of potassium, an error of 27.0 p.p.m. or
18%. The method proposed here would use a concentration
correction factor of 1.65 as obtained from Table IV. 75.1 % T
is 92 p.p.m. 92 X 1.65 = 151.8 corrected p.p.m. K, an error
of 1%.

The values found in Table V are not absolute values, but de
pend upon relative concentrations and settings of the instrument.
They are comparable within themselves, but would be different
if' other instrument settings or other concentrations of either
positive or negative ions were used, in part because of ion inter
action.

PROCEDURE

Place a measured amount of the unknown solution in a 100
m!. flask, add 25 m!. of a 1500 p.p.m. lithium stock solution to
produce 375 p.p.m. lithium in the final solution, then make to
the mark with water. Having set the instrument at 100%
T, using the standardization procedure with a solution of 375
p.p.m. lithium only, read the per cent T for lithium in the
sample. If this per cent T is farther from 100 than will give
the required degree of accuracy (Table V) a further dilution

ANALYTICAL CHEMISTRY

of the sample is necessary or either sucrose or alcohol is to be
added, until a transmittance reading indicating adequate ac
curacy is obtained. The instrument is now set to measure
sodium, then potassium flame color intensities. The apparent
concentrations obtained from these readings are then' corrected
by means of the concentration correction factor already de
scribed.

Analyses of Actual Sample. Fifty milliliters of an unknown
solution was transferred to a 100-m!. volumetric flask, 25 m!.
of the 1500 p.p.m. lithium stock solution was added, and water
was used to make to the mark. Another solution containing
only 375 p.p.m. lithium was first used to set the instrument at
100% T, and the unknown solution containing lithium was then
read. The transmittance was found to be 91.2%. The 91.2%
T indicates (Table V) that the error of the analyses will be less
than 2.5%, which is considered satisfactory, so the analyses
were continued by finding the per cent T for sodium and potas
sium, which were 77.2 and 69.3, respectively. Referring to the
sodium only curve (Figure 2) 77.2% T is 112 p.p.m. sodium,
and referring to the potassium only curve (Figure 3) 69.3% T
is 85 p.p.m. potassium. The concentration correction factor is
obtained by reference to the lithium only curve (Figure 1). The
lithium transmittance is 91.2%, which corresponds to 300 p.p.m.
lithium. Thus the concentration correction factor is 375/300
or 1.25. Correcting sodium, the true concentration of sodium
in the solution is 112 X 1.25 or 140 p.p.m., and the true concen
tration of sodium in the sample is 280 p.p.m., owing to the 1 to 1
dilution previously made. Following this through for potassium,
the true potassium concentration in the solution is 85 X 1.25
or 106 p.p.m., which multiplied by 2 gives 212 p.p.m. potassium
in the sample.

For sample analyses it is not necessary to duplicate all the
curves shown. These curves were developed only to justify the
technique and to show what magnitude of error may be antici
pated under these experimental conditions. Three curves are
necessary for the analysis of unknown solutions: the lithium,
sodium, and potassium only curves in Figures 1, 2, and 3.
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Improvements in Flame Photometric Determination of
Sodium in Portland Cement

J. J. DIAMOND AND LEONARD BEAN
National Bureau of Standards, Washington, D. C.

The sodiulll content of portland celllent is routinely
deterlllined by flallle photollletry. SOllle flallle
photollleters were found consistently to indicate
sodiulll contents ofless than zero for certain celllents.
In addition, different brands of flallle photollleters
ahnost never gave identical results for any celllent.
A study of the lllethod showed that flallle photolll
eters having wide effective band widths gave low,
often negative results, because of the inhibiting
effect of silica on the elllission of calciulll oxide in
the region of the sodiulll line. Increased accuracy
was obtained by using an auxiliary lllultilayer inter
ference filter to narrow the effective band width of
the instrulllent or by rellloving the silica frolll the
celllent prior to the deterlllination of the sodiulll.
Both techniques together converted the current
routine procedure into one which gave results sub
stantially identical with those obtained by the
gravillletric J. Lawrence Slllith lllethod, when using
the Barclay, the Becklllan DU, or the Perkin-Ellller
flame photometer.

MOST of the portland cements manufactured in this country
contain from 0 to perhaps 1% each of sodium and potassium

oxides. There was little interest in these minor constituents until
it became known that the alkali in cement can react with certain
types of aggregate to give unsound concrete (15). Since that
time there has been a continuing interest in these constituents
and a corresponding interest in the development of more rapid
and accurate methods for their determination.

Until very recently, gravimetric procedures were invariably
used, notably modifications of the Glaze (8), Berk-Roller (4-J,
and J. Lawrence Smith (9) methods. Even the more rapid of
these procedures were very time-consuming, and the most ac
curate required much patience and skill on the part of the analyst.
In general, the precision and accuracy to be expected from ordi
nary analyses were not good.

In 1948, Pritchard (13) first proposed the use of flame pho
tometry for the determination of sodium and potassium in port
land cement. This suggestion received ready acceptance, and
additional development work was carried out by Pritchard,
Bogue, and Bean. This resulted, in 1949, in the adoption by the
American Society for Testing Materials of a tentative standard
method (1) and a study of the subject by Eubank and Bogue (7).
The 1952 revision of the federal specification on methods of test
ing cement included essentially the same procedure (10).

All this work was done with the various models of the Perkin
Elmer flame photometer. In addition, the requirements of both
the 1949 ASTM and the 1952 federal specifications are fulfilled
only by the use of one of the Perkin-Elmer Model 52 series of
instruments. There has long been a feeling, however, that it
would be desirable to have methods available which would permit
the use of other instruments. In 1951, Diamond and Bean (6)
modified the ASTM Perkin-Elmer method to adapt it to the Beck
man DU spectrophotometer with the Model 11300 flame pho
tometry attachment. This method has been incorporated in the
U. S. Army Corps of Engineers' "Handbook of Concrete and
Cement" u.n.

Extensive use of these methods at the National Bureau of
Standards for research, routine acceptance testing, and the analy
sis of comparative samples disclosed several anomalous facts
about the determination of sodium. First, at least two brands
of low sodium cement, when analyzed by anyone of three model
52A Perkin-Elmer flame photometers, using the ASTM procedure,
showed negative sodium contents. Second, consistent differ
ences between the results obtained by several Perkin-Elmer
instruments were noted when a series of comparative samples
were analyzed. Third, one particular Perkin-Elmer Model 52A
instrument consistently gave results several hundredths of 1%
lower for sodium than the Beckman instrument with the old
Model 11300 flame photometry attachment (6), as well as with
the new Model 9200 attachment.

This investigation was undertaken to try to e,,--plain these
phenomena. It was hoped that knowledge of the basic factors
relevant to the analysis would be increased and the accuracy of
the method improved to the point where its use as a referee
method would be warranted. Moreover, it was hoped that a
procedure could be developed that would permit the use of at
least some of the other flame photometers now available com
mercially in addition to the Model 52 Perkin-Elmer.

EXPERIMENTAL WORK

In current flame photometric procedures for the determination
of sodium in cement, the sample solution contains all the constitu
ents of the cement, except the negligibly sl)1.all acid-insoluble
residue, dissolved in 5 to 95 hydrochloric acid. The standard
solutions contain, in addition to the alkalies, 6300 p.p.m. of
calcium oxide in 5 to 95 hydrochloric acid. The other constitu
ents of portland cement are not included in the standards.
Eubank and Bogue (7) showed that these standards give reason
ably good results, and several years of experience by the cement
industry have confirmed this.

The assumption was made, however, that the errors in which
this laboratory was interested were caused by interference by
one or more of the other constituents of cement. Since the silica
content of cement is about 21 %, next in importance to the 63%
of calcium oxide present, it received the greatest attention.
The assumption was also made that some instrument character
istics were involved because any error due to solution interferences
would otherwise be identical with all instruments.

To determine the effect of silica on the emission of sodium and
calcium at the sodium wave length, four solutions were pre
pared. Silica was introduced into two of these solutions by the
hydrolysis of tetraethyl orthosilicate. Since ethyl alcohol was
the other product of the hydrolysis, an equal amount was added
to the other two solutions to eliminate it as a variable. One
solution contained 50 p.p.m. of sodium oxide; a second 50 p.p.m.
of sodium oxide plus 2100 p.p.m. of silicon dioxide; a third,
6300 p.p.m. of calcium oxide; and a fourth, 6300 p.p.m. of cal
cium oxide plus 2100 p.p.m. of silicon dioxide. All four solutions
contained the same amounts of ethyl alcohol and were made up
in 5 to 95 hydrochloric acid.

The emissions of these four solutions at the sodium wave length
(589 m",) were compared with that of the 100-p.p.m. standard
routinely used in the current ASTM and federal specification
methods. This solution contained 100 p.p.m. each of sodium
and potassium oxides, plus 6300 p.p.m. of calcium oxide in 5 to 95
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Table IV. Effect of Varying Slit Width on Apparent
SodiuIll Oxide Content of Four Portland CeIllentsa

Effective Band Width, M"

Oxyhydrogen burner Oxyacetylene burner

0.12 0.080 -0.002 0.10 0.052 -0.029-
0.15 0.14 +0.12 0.14 0.14 +0.10
0.27 0.20 +0.074 0.24 0.16 +0.027
0.28 0.27 +0.25 0.27 0.25 +0.22
0.59 0.50 +0.31 0.54 0.40 +0.17
0.60 0.57 +0.54 0.59 0.52 +0.47
0.048 0.020 -0.038 0.040 0.008 -0.069-
0.051 0.044 +0.042 0.048 0.023 +0.018'

hydrochloric acid. The solutions were compared on a Perkin
Elmer Model 52A instrument with air-propane flame and on a
Beckman Model 9200 instrument with oxyhydrogen flame and a
2-m", band width, with the results shown in Table I. The silica
depressed the calcium emission by about 40% and enhanced the
sodium emission slightly. The same 40% depression was noted
at the adjacent wave length for maximum calcium emission,
indicating the same effect at all wave lengths in that band.
The silica stock solution was examined flame photometrically
and was found to be sodium-free and to have no emission of its
own at the sodium wave length.

Cement

A SiO,in
SiO, out

B SiO,in
SiO, out

C SiO,in
SiO, out

D SiO,in
SiO, out

10 20 2 10
Na,O Determined, %

20

a Beckman DU spectrophotometer with Model 9200 flame photometer;
lime-acid standards.

Solution
100 p.p.m. standard
50 p.p.m. of sodium
50 p.p.m. of sodium, plus silica
Calcium
Calcium plus silica
Distilled water

2 M" 10 M" 20M"
Cement Apparent Na,O determined, %

Table V. Effect of Varying Slit Width on Appar€;nt
SodiuIll Oxide Content of Four Portland CeIllentsa

Effective Band Width

Table I. Effect of Silica on Elllission of SodiuIll and
CalciuIll at 589 Ill'"

Flame Photometer, Scale Reading
Perkin-Elmer Beckman

100 100.0
58 67.0
59 68.0
12 5.2

7 3.2
o 0

A
B
C
D

0.14
0.28
0.59
0.048

0.15
0.27
0.60
0.049

0.15
0.28
0.62
0.052

a Beckman DU spectrophotometer with model 9200 flame photometer.
synthetic cement standards; oxyhydrogen burner.

A study was then made of the effect of varying the effective
band width of the light measured by an instrument. This was
done by determining the apparent sodium content of four cements
using the Beckman DU flame photometry attachment (Model
9200) at three different slit widths. Since it was recognized that
flame temperature might be important, both the oxyacetylene
and the oxyhydrogen flames were used. The cements used in the
study were ASTM comparative samples, having a range of sodium
contents. Their chemical compositions, as determined by a
single analysis of each using routine federal specification methods,
are given in Table II. Their sodium and potassium contents
were determined by the J. Lawrence Smith procedure (9), with
the results shown in Table III.

Two sets of samples were prepared as follows.

One-gram samples of each cement were dissolved in 5 m!. of
concentrated hydrochloric acid, filtered, and diluted to 100 m!.
as specified in the current routine methods. For the second set,

100

I!! 80

Z
~ 80

'".... 70<
Ven 60

~.
50

iii
Z

'" 40...
~

30...:r
C) 20

::::i
'0

0
550 560 570 610 620

Alkali Content of Four Celllents Deterlllined
by J. Lawrence Slllith Method

Na,O in Cement, %

Chelllical COlllposition of CeIllent Salllpiesa

Cement, %

a See Table III for alkali values.

B C
22.3 21.1
5.2 6.3
4.0 2.8

64.3 63.9
1.1 1.8
1.6 2.0
0.8 0.9
0.1 0.1

O. Perkin-Ehner No. 446, Inodel 52C.0 Perkin-Ellner No. 72, nlOdel 52A

WAVE LENGTH. mIl

Figure 1. Wave Length vs. Intensity Curves for Two
Perkin-EIIller Flallle PhotoIlleters Used to DeterIlline

Effective Band Width at 590 Ill ..

I-gram samples were dissolved in hydrochloric acid, the silica
was removed by a single dehydration and the cement was dis
solved in 2.5 m!. of concentrated hydrochloric acid, filtered, and
diluted to 100 m!. These two sets of samples were designated as
Si02 in and Si02 out, respectively. The standard solutions used
were the lime-acid standards, as specified in the ASTM and federal
specification methods.

Since the effective band width of the Beckman DU spectro
photometer was known to be 33 m", per mm. slit width at 590
m", (2), slit widths were selected to give band widths of 1 or 2,
10, and 20 m",. The photocell, range, and sensitivity settings
were made as needed to balance the instrument.

From an examination of the results shown in Table IV, several
conclusions may be drawn. It is evident that the greater the
band width, the lower the apparent sodium content, and that the
elimination of silica minimizes the effect of slit width but does not
eliminate it. Both effects are more pronounced for the oxy
acetylene flame than for the somewhat cooler oxyhydrogen flame.

In order to assess the importance of the constituents of cement
other than lime and silica, a set of synthetic cement standards
was made up. These were made from reagent grade chemicll-ls

D

22.3
5.8
2.5

65.4
1.2
1.8
1.0
0.1

0.16

0.14
0.18
0.16
0.15
0.16
0.16

0.051

D

0.062
0.051
0.057
0.042
0.041
0.055

0.58

1.04

A

21.3
6.0
2.8

65.1
1.3
2.1
1.2
0.2

0.64

K,O in Cement, %
0.63 1.03
0.64 1.06
0.66 1.06
0.64 1.03
0.63 1.03
0.64 1.06

0.26

B C

0.27 0.65
0.24 0.58
0.25 0.56
0.26 0.56
0.24 0.54
0.27 0.57

0.30
0.29
0.33
0.31
0.30
0.29
0.29

Av. 0.30

A

0.14
0.16
0.12
0.12
0.12
0.11
0.12

Av. 0.13

Table II.

Constituents

SiO,
AbO,
Fe,O,
CaO
MgO
SO,
Ignition loss
Insoluble residue

Table III.
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Table VII. Apparent Sodiulll Oxide Content of Four
Portland Celllents Deterlllined under Various Conditions

by a Perkin-Ellller Flallle Photollleter"
Na,O in Cement, %

From Table VI it can be seen that these instruments of dif
ferent band width gave different apparent sodium contents for
-cement D. The sodium values were obtained flame photometri-
-cally by the current federal specification method (10).

Table VI. Characteristics of Four Perkin-Ehner Flame
Photometers

Entrance Exit Slit Effective
Apparent
Na,O in

Serial Slit Width, Width, Band Width, Cement D,
No. Model Inch Inch MJ' %
72 52A 0.030 0.019 15.2tight +0.01

16.0 loose -0.02

255 52A modified 0.029 0.020 10.7 0.00
466 52C 0.029 0.018 9.5 +0.03
:259 52Amodified 0.029 0.020 8.3 +0.04

KlO

90 COrning 3482

80

lll1. 70

iii
u 60
Z
< ""!:
~ 40...
Z
< 30

'"..
20

'0

WAVE LENGTH, mJ'

Figure 2. Wave Length vs. Translllittance Curves of
Colored Glass Sodiulll Filter and Its Filter Components

Used in Barclay Flallle Photollleter

At the start of this investigation the Model 52A instrument
(Serial No. 72) consistently gave values of -0.02% of sodium
oxide for sample D, and two similar instruments in other labora
tories also gave negative results. Several attempts were made to
improve the performance of instrument 72, first by fastening a
metal plate over the exit slit so as to decrease its width by one
half or more. This attempt did not succeed, mainly because the
instrument became unstable, the meter needle fluctuating over a
range of perhaps 15 scale divisions. Because of this instability,
the next step of proportionately decreasing the width of the en
trance slit was not taken, and the exit slit was restored to its
original state.

It was assumed that the instability was caused partly by the
necessity of increasing the gain of the instrument to an unstable
region of the amplifying circuit and partly by the mechanical
oscillation of the exit slit and the image of the entrance slit with
respect to each other caused by the large amount of vibration
from the motor-driven chopper unit used in the 52A model. It
was possible to decrease appreciably this vibration by recement
ing one of the rubber motor mountings that had apparently
broken loose and tightening all the others. This resulted in an
appreciable improvement in performance as shown by deter
mination of the sodium content of samples A, B, 0, and D
(Table VII). However, only a slight decrease in effective band
width accompanied this improvement (Table VI).

Table VII shows that the results obtained on the Perkin-Elmer
instruments parallel those obtained on the Beckman (Tables
IV and V). The elimination of silica increases the apparent
sodium content. The same improvement is obtained by the use
of synthetic standards. In addition, the use of synthetic stand
ards essentially eliminates the effect of vibration on the results
just as their use eliminates the similar effect of change in slit
width with the Beckman instrument. Finally, the effect of
alcohol is appreciable, and it must be added to the sample solu
tion when silica from tetraethyl orthosilicate is used in the stand
ard.

From the data presented it is evident that in order to give
acceptable results for the determination of sodium in cement, a
flame photometer must be so designed that the sodium light im
pinging on the photocell is not appreciably contaminated by
light from the adjacent calcium band. It was known to the
authors that several unsuccessful attempts had been made to
determine the sodium content of portland cement using optical
filter type flame photometers. Because of the insight into the
problem obtained from the data presented above, it seemed pos
sible that this situation could be corrected by relatively simpl~

modifications of the instruments or the procedure. .

DB CA

0.06 0.20 0.49 -0.02
0.10 0.22 0.51 +0.01

0.125 .0.26 0.60 +0.04

0.12 0.26 0.59 +0.035
0.13 0.26 0.58 +0.055
0.10 0.23 0.52 +0.025

0.11 0.26 0.58 +0.05
0.13 0.28 0.58 +0.045

0.13 0.26 0.58 +0.051

" Model 52A, serial No. 72.

Condition

Specification method
Instument loose
Instrument tight

Gravimetric average

'and contained typical· concentrations of silica, alumina, ferric
<lxide, magnesium oxide, and sulfur trioxide in addition to lime
;and acid. The samples were made up with silica in, and alcohol
was added to .compensate for that in the standards. The results
flhown in Table V indicate that the effect of slit width can be
-essentially eliminated by the use of such synthetic standards.
However, the values obtained with the synthetic standards are
-substantially identical with those obtained at small slit widths
lor samples with Si02 out.

Since the Perkin-Elmer flame photometer does not have a
variable slit width, these experiments could not be duplicated with
it. However, various attempts were .made to confirm them in
,directly. Some of the results of these attempts are shown in
'Tables VI aIld VII. One difference between the models is that
t\le 52A uses a motor-driven chopper unit to interrupt the light
beam from the flame, and the 520 and the modified 52A use a
vibrating reed for the same purpose.

The slit widths were measured directly by means of feeler
gages or by a precision glass-tubing gage. They were found to
'be substantially identical in all instruments. However, direct
measurement of the effective band widths of the instruments
13howed a raIlge of 8 to 16 mJ<. These measurements were made as
follows.

A solution containing sodium, but no calcium, was atomized
into the flame. Data on intensity, or meter reading, VB. wave
length were obtained on the resulting light.

A divided circle was substituted for the wave-length dial to
permit more precise reading of wave-length increments, and this
divided circle was calibrated in terms of wave length in the region
of the sodium line by measuring in terms of its units the 5800
and 6000-A. marks on the instrument panel. The wave length
VB. intensity data were plotted on cross-sectional paper, as illus
trated in Figure 1. The two points on the curve where the in
tensity values were one half the maximum were then noted.
The wave-length interval between these points was taken as the
effective band width.

SiO, out, instrument tight

Synthetic standards
Instrument loose
Instrument tight
No alcohol in sample

Special filter
SiO,in
SiO, out
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Table IX. Apparent SodiuIll Oxide Content of Four Portland CeIllents as De
terIllined on Different InstruIllents Using Two Different Methods and LiIlle

Acid Standards

• Values obtained by direct intensity method. Manufacturer prescribes
use of internal standard method for quantitative work.

Table VIII. Apparent SodiuIll Oxide Content of Four
Portland CeIllents DeterIllined under Various Conditions

by Barclay FlaIlle PhotoIlleter·
Na,O in Cement, %

Lime-acid standard
SiO, in -0.23 -0.10 0.05 -0.36
SiO, out +0.09 +0.18 0.38 -0.07

Synthetic standard +0.19 +0.32 0.63 +0.06

Special filter
+0.085 +0'.195 0.49 0.00Si02 in

SiO, out +0.13 +0.27 0.53 +0.05

Gravimetric average +0.13 +0.26 0.58 +0.051

DB CA

Na,O in Cement. %
D A B C D

SiO, out
0.01 0.125 0.26 0.60 0.04

0.00 0.125 0.26 0.58 0.045

0.04 0.125 0.275 0.59 0.06

0.04 0.14 0.27 0.59 0.048

0.048 0.15 0.28 0.60 0.051
-0.36 0.09 0.18 0.38 -0.07

0.00 0.13 0.27 0.53 +0.05

+0.05 0.13 0.28 0.58 0.045

0.051 0.13 0.26 0.58 0.051

0.50

0.54

0.54

0.58

0.58

Manufacturer pre'scribes use of internal-standard

B C

0.19

SiO, in
0.22 0.51

0.24

0.23

0.27 0.59
-0.10, 0.05
+0.195 0.49

A

0.10

0.10

0.07

0.105

a relatively large number of flame photometer results and
then compare these against single gravimetric values. Some
times the single gravimetric value has been an average of a
number of somewhat scattered values, perhaps with one or two
stray values excluded from the average. At other times a single
determination has been reported. Because gravimetric values,
especially by the Smith procedure, are difficult and costly to
obtain, one is generally content with a few values. Furthermore,
occasional wild values are the rule, generally accompanied by
high blank values. These considerations have made flame
photometry popular for alkali determinations. Wild values
seldom occur, and precision is much better when using the flame
photometric procedure.

In this study it was felt that a number of determinations by
the best known gravimetric procedure were required in order to
establish a criterion by which the various flame photometric tech
niques could be compared. The. results shown in Table III are
believed to be typical of what can be obtained by an experienced,
competent analyst.

In flame photometry calcium has a twofold interference with
sodium. First, it radiates at the same wave length as sodium.
This is a true calcium radiation (the lower wave-length region of
the calcium oxide bands with wave length maxima at 603 and 622
mIL) and is not due to contamination with sodium salts of low
alkali reagent calcium carbonate. The second calcium inter
ference is its depressant effect on the emission of sodium. These
two interferences are adequately compensated for in the present
routine methods for sodium in cement by the use of standard
solutions containing 6300 p.p.m. of calcium oxide equivalent to
the average amount in portland cement. It has been shown that
no appreciable error is introduced by the normal variation in the
amount of calcium in cement (7).

The calcium interference discussed here is due to the depres
sant effect of the silica in cement on the emission of the calcium
oxide band. Alumina has long been known to have a similar

Instrument

Perkin-Elmer 52A (No. 72)
Perkin-Elmer 52A modified

(No. 255)
Perkin-Elmer 52A modified

(No. 259)
Beckman DU, oxyacetylene

burner
Beckman DU, oxyhydrogen

burner 0.12
Barclay· - 0.23
Filter + Barclay· +0.085
Filter + Perkin-Elmer (No.

72) 0.11 0.26

Gravimetric average 0.13 0.26

a Values obtained by direct intensity method.
method for quantitative work.

DISCUSSION

Accordingly, experiments were performed on a Barclay flame
photometer, designed primarily for use as an internal standard
instrument for the analysis of biological materials. This instru
ment, which uses an air-propane flame, was selected as typical
of the group of optical filter, barrier layer photocell instruments
now available. For the isolation of sodium light it comes equipped
with a combination of the Corning colored glass filters 3482
(heat-resistant lantern shade yellow) and 9780 (colorimeter
blue-green medium). The transmittance curves of these filters
are shown in Figure 2, together with their transmittance when
used in combination. They transmit a maximum of 38.5% at
570 mIL. They have an effective band width of 41 mIL and trans
mit about 24.5% at 590 mIL and 6% at 620 mIL.

Comparative samples A, B, C, and D were analyzed on the
Barclay flame photometer using the direct intensity method.
It was difficult to use the instrument in this way because of er
ratic needle fluctuation. This behavior is predicted by the manu
facturer, who strongly recommends use of the internal standard
method for quantitative work. The results are shown in Table
VIII. Using the specification procedure (2), the results for
sodium are low by 0.35 to 0.51 %. Eliminating the silica inter
ference raises all sodium results by about 0.30%, but they are
still not generally acceptable.

Eliminating all other interferences by the use of the synthetic
cement standards seems to overcompensate slightly, and the
results for sodium, except for sample D, are 0.07% high. The
high results might involve experimental error caused by the poor
performanee of the instrument when using the direct intensity
method, or they might be due to incomplete solution of the silica
in the cements invariably noted when these comparative samples
(which had been stored for some time) were dissolved.

An attempt was then made to improve the performance of the
Barclay and the Perkin-Elmer 52A (No. 72) by adding a Fabry
Perot multilayer interference filter (5), obtained from Baird
Associates, Inc. This filter has a maximum transmittance of
78% at 591.7 mIL and a band width of about 5 to 8 mIL. A typical
wave length VB. transmittance curve is shown in Figure 3.

The Barclay flame photometer was modified by replacing its
sodium filter with a combination consisting of the interference
filter with Corning 3486 and 9780 colored glass filters to eliminate
the side bands. This resulted in a remarkable increase in needle
stability and improvement in performance. The results for ce
ments, both with silica in and out, are included in Table VIII and
are substantially identical with those obtained with the Perkin
Elmer instruments, without filters, especially No. 255 (Table IV).

The interference filter was added to the Perkin-Elmer 52A
(No. 72) by taping it over the exit slit. Because this is a mono
chromator instrument, no auxiliary glass filters were needed to
eliminate the side bands. The filter caused some increase in
needle flicker, but improved the results obtained analytically, as
shown in Table VII. The removal of
silica still resulted in a slight, but
negligible, increase in sodium value.

This filter did not have to be removed
for the determination of potassium with
the Perkin-Elmer instrument. Because
of the sideband present (Figure 3), it
has no effect other than an insignificant
decrease in sensitivity at the potassium
wave length (768 mIL). None of the
variations in technique mentioned in this
paper seemed to have any significant
effect on the potassium determination.
However, this was not investigated in
detail.

There has been a tendency in investi
gations on flame photometry to obtain
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effect (12), but in this study its effect has been lumped with those
of the elements other than calcium and silicon. Since the emis
sion of the calcium in the cement sample is depressed about 40%
by the silica present and this effect is not compensated for in the
lime-acid standards, the net result is an apparently lower sodium
content.

The amount of error depends on the ratio of light caused by
calcium to that caused by sodium that is permitted to strike
the measuring photocell. Since the light transmitted by a slit is
directly proportional to its width for the sodium line and is pro
portional to the square of its width for the calcium oxide band (3),
it is evident that the ratio of calcium to sodium light will increase
with increasing slit width or effective band width. The variable
slit-width experiments performed with the Beckman flame
photometer showed this directly. The results were most nearly
correct when the band width was narrowest.

.100

'# 80

,.; 73%
v 60Z
«
I:::
i 40
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500 600 700
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Figure 3. Typical Wave Length vs. TransD1ittance
Curve for Multilayer Interference Filter

The greatest error results from the use of instruments having
a combination of colored glass filters as the sole means of isolating
the sodium light. Figure 2 shows that the Barclay instrument
transmits at 620 mIL about 25% as much light as at 589 mIL.
So much calcium light is transmitted by these filters that the light
from the calcium in the cement, as inhibited by the silica present,
even when added to light from the sodium present, is still con
siderably less than that caused by the calcium alone in the lime
acid standard containing no sodium. Hence the negative results
found for most cements.

For cement analysis purposes, a colored glass filter combination
is a sodium-plus-calcium filter, rather than a sodium filter.
Fortunately, filter-type instruments can be adapted to the deter
mination of sodium in cement by the use of a narrow-band-pass
multilayer interference filter plus colored glass filters to cut out
the side bands.

The following explanations are suggested as consistent with the
data obtained on the various Perkin-Elmer instruments. The
effective band widths obtained by direct measurement ranged
from about 8 to 16 mIL, even though the slits themselves were
identical in width. This could occur if there were slight differ
ences between instruments in the bowing of the spectral lines, in
their tilt with respect to the exit slit, in the placement of the
prisms, or the focus of the entrance slit. The actual cause or
causes have not been determined.

The observation that decreasing the vibration in a model 52A
Perkin-Elmer instrument improved its performance consider
ably, while decreasing its measured effective band width only
slightly, is explained as follows. The sodium line and the cal·
cium oxide band coincide in a wave-length region of the wave
length vs. emission curve for calcium where the emission is low,
increasing with increasing wave length, and where the slope of the
curve is continually increasing. In other words, the calcium
curve in this region is concave upward.

Where there is no vibration of the spectrum and the exit slit
with respect to each other, the wave-length interval passed by the
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slit will include the sodium light and some of the calcium light
for some definite total of light. When the image and the slit do
vibrate with respect to each other, the slit will pass a some
what smaller amount of calcium light at the lower wave-length
end of its travel across the spectrum since the calcium curve has a
fairly low slope in that region.

At the higher wave-length end of its travel, it will pass a greatly
increased amount of calcium light because of the fairly high slope
of the curve. The net result of the vibration is an increase in the
average amount of calcium light transmitted by the slit, and as
far as the analytical results are concerned, vibration gives the
same result as increased band width.

The effective band width as measured, however, is affected
very little by moderate vibration. Tae picture can be simplified
by assuming that the image of the sodium line at the exit slit is a
rectangle of uniform light intensity and is being scanned by the
rectangular slit opening of the same or a slightly narrower width.
At thp. wave length where the slit is half filled with light, the aver
age light transmitted will be the same whether the image and slit
are in relative motion or at rest, unless the vibration caused rela
tive motion equal to more than half the slit width. This is also
true for most other settings, where the slit is partly filled with
light.

At the wave-length maximum, at rest, the slit would be full
of light. If there were enough vibration so that at parts of its
travel the slit would be only partly filled with light, the average
light passed would be lower and a slightly lower maximum emis
sion and hence greater effective band width would be measured.
This is apparently the case for the particular instrument investi
gated. The vibration decrease .caused by tightening the motor
mount was enough to decrease appreciably the ratio of calcium
to sodium light but to decrease the effective band width only
slightly.

The limited data obtained on the effect of the flame used indi
cate that the hotter the flame the greater the interference of
silica and the narrower the slit required for acceptable results.
The interference was greatest for oxyacetylene, less for oxyhydro
gen, and least for air-propane.

CONCLUSIONS

The results obtained in this study are summarized in Table IX.
From it, and from the data detailed elsewhere, the following con
clusions can be drawn.

Silica inhibits the emission of calcium in the region of the so
dium wave length, 589 mIL. This effect of silica introduces an
error in the flame photometric determination of sodium in
cement when silica, calcium, and sodium are present in the sample
and only calcium and sodium are present in the standard. The
magnitude of the error is a function of the ratio of light caused by
calcium to that caused by sodium which is permitted to strike
the measuring photocell. Therefore, the greater the effective
band width of the monochromator device, the greater the error.

The error can be decreased by removing the silica from the
cement prior to the determination of the sodium or by narrowing
the effective band width of the instrument by adding to its optical
system a multilayer interference filter. The use of both techniques
together converts the current routine procedure into one which
gives results substantially identical with those obtained by the
gravimetric J. Lawrence Smith method. The use of the modified
procedure for referee analyses therefore seems to be warranted.

When silica was eliminated from a cement sample before the
flame photometric determination of sodium, excellent results were
obtained with the three instruments t~ied: the Barclay with spe
cial filter, the Beckman DU with either oxyacetylene or oxy
hydrogen flame, and the Perkin-Elmer 52 either with or without
additional filter.

When silica was not eliminated· from the cement before the
flame photometric determination of sodium (as in the present
specification method) excellent results were obtained using the
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Beckman DU with oxyhydrogen flame and the Perkin-Elmer 52
'When. an. a\\Xili.ary multilayer interference filter was added to its
<>ptical system. Results which were low, but perhaps acceptable
for most routine purposes, were obtained with the Perkin-Elmer
instrument without added filter, the Beckman DU with oxy
acetylene flame, and the Barclay with special sodium filter in
-eorporating a multilayer interference filter instead of its regular
"lodium filter.

A Perkin-Elmer Model 52A instrument of the motor-driven
-chopper type was improved in performance by adjusting it to
decrease its vibration.

It seems reasonable to assume that filter instruments similar
to the Barclay-namely, the Process and Instruments, the Janke
developed by Fox (11), and the Baird developed by White (16)
-could be used for cement analysis if a special sodium filter were
provided and if the io.struments were otherwise suitable. The
Baird instrument is supplied with such a filter as optional equip
ment. The Process ao.d Instruments apparatus may require
modification of its stainless steel atomizer because of the cor
rosive effect of strong hydrochloric acid solutions.

ACKNOWLEDGMENT

The authors express their appreciation to Col. M. E. Freeman
<>f the Waiter Reed Army Medical Center for his cooperation
in making available to them a Barclay flame photometer, and to
George Watton of the NBS Seattle laboratory and H. A. Berman

ANALYTICAL CHEMISTRY

of the NBS San Francisco laboratory for the data obtained with
the Perkin-Elmer instruments 255 and 259, respectively. Analy
ses for the data in Table II were carried out by Lillie B. Jenkins,
and those for Table III were carried out by Ethel J. Hackney.

LITERATURE CITED

(1) Am. Soc. Testing Materials, Designation C 228--49T (1949).
(2) Beckman Instruments, Inc., Bull. 91-F (1949).
(3) Ibid., 259, 6 (1951).
(4) Berk, A. A., and Roller, P. S., Concrete, 43, 38-9 (1935).
(5) Billings, B. H., Photographic Eng., 2, 45-52 (1951).
(6) Diamond, J. J., and Bean, Leonard, Am. Soc. Testing Materials,

Spec. Tech. Pub. 116, 28-32 (1951).
(7) Eubank, W. R., and Bogue, R. H., J. Research Natl. Bur.

Standards, 43,173-82 (1949).
(8) Federal Specification SS-C-158c, "Cements, Hydraulic, Methods

for Sampling, Inspection, and Testing," par. 4.3.9.1 (April 22,
1952).

(9) Ibid., par. 4.3.9.2.
(10) Ibid., par. 4.3.9.3.
(11) Fox, C. L., Jr., ANAL. CHEM., 23, 137--42 (1951).
(12) Mitchell, R. L., and Robertson, r. M., J. Soc. Chem. Ind., 55,

269-72T (1936).
(13) Pritchard, L. R., Pit and Quarry, 41, No.1, 83-5 (1948).
(14) U. S. Army Corps of Engineers, "Handbook for Concrete and

Cement," Method CRD-C, 244-51 (1951).
(15) U. S. Bureau of Reclamation, Denver, Colo., "Alkalies in Cement

and Their Effect on Aggregates and Concretes" (1942).
(16) White, J. U., ANAL. CHEM., 24, 394-9 (1952).

RECEIVED for review April J6, 1953. Accepted August 26,1953.

Rapid Photometric Determination of Cobalt in the
Presence of Iron

J. N. PASCUAL, W. H. SHIPMAN, AND WILSON SIMON

U. S. Naval Radiological Defense Laboratory, San Francisco 24, Calif.

When 'Cobalt is deterlllined by use of nitroso R salt
in the presence of iron, a depression of absorbance is
observ~d. This phenolllenon is successfully elillli
nated by the additionofsuitable alkali fluorides to the
'Salllple, subsequent to the cOlllplete oxidation of
ferrous iron with brollline. Several interferences are
-discussed and data are presented to substantiate and
illustrate the techniques elllployed. Typical work
ing curves are included along with cOlllplete analy
t:icaJ details. The precision of the lllethod has been

ALTHOUGH nitroso R salt has been used for many years in
.t\.. the detection and determination of cobalt (7), the exact
nature of the reaction is not definitely known. This reagent
forms colored complexes with many cations. The cobalt nitroso
R salt complex is stable to nitric acid, while all other cation com
plexes are destroyed by it (9).

Iron, copper, cyanide, peroxides, persulfates, and reducing
agents interfere in the determination of cobalt; small quantities
of ffill-nganese, chromium, nickel, titanium, and vanadium are
without effect' (4, 7, 9). The exact mechanism of these inter
ferences has not been reported. It has been observed that iron
depresses the absorbance of the cobalt nitroso R salt complex
Drdinarily exhibited in its absence. Shcherbov claims that he
.can remedy this phenomenon by increasing the quantity of nitroso
R salt (6). Low results were observed in the presence of ferrous
iron originally in solution and with ferrous iron formed by the re
duction of ferric iron by nitroso R salt.

established throughout its range. The standard
deviation varies from. ±2% in salllpies containing
less than 20 lllicrograllls of cobalt to less than ±l%
in salllpies containing lllore than 30 lllicrogram.s of
cobalt. The procedure is suitable for the routine
analysis of large llulllbers of both solid and liquid
salllpies. It has heen found suitable for the deter
lllination of cobalt in steel, and has been used at the
U. S. Naval Radiological Defense Laboratory for a
great llulllber of other salllpies.

Because iron is almost always associated with cobalt in nature
and is the principal interfering element in its determination,
nearly all photometric procedures employ methods for the re
moval of iron. The most common methods utilize zinc oxide or
phosphoric acid (1-3, 8, 9). Both procedures are rather lengthy
and involve so much handling that chances of mechanical and
chemical losses are increased.

Overholser and Yoe (5), studying the use of o-nitrosoresorcinol
as a reagent for the determination of cobalt, observed that, al
though citrates and tartrates did nail completely eliminate the
interference of ferric iron, potassium fluoride could be used for
this purpose. Nevertheless, these investigators did not recom
mend the use of o-nitrosoresorciuol for cobalt in the presence 'of
inU\.,
~he method described here may be adapted to the determina

fion of cobalt in steel, floils, minerals, and water after the samples
p.ave been dissolved by the appropriate methods.
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EXPERIMENTAL METHOD

a Set 1. Cobalt only
Set 2. 200-y of Fe +++
Set 3. 200-y of Fe + ++ and KF
Set 4. 200-y of Fe ++ + and NH.F but no sodium acetate
Set 5. NH.F but no Fe +++ or sodium acetate
Set6. KF but no Fe++ .

REAGENTS AND APPARATUS

Sodium acetate, 33%; C.P.
Potassium fluoride, 33%, C.P.
Concentrated hydrochloric acid, specific gravity 1.187, C.P.
Concentrated nitric acid, specific gravity 1.410, C.P.
Nitroso R salt, 0.5 gram per 100 m!.
Liquid bromine, C.P.
Photoelectric filter photometer using a 525-mlL filter or equiva

lent instrument.

Figure 1. Effect of Uncom.plexed Iron on Absorbance of
Cobalt Nitroso R Salt
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DISCUSSION AND RESULTS

When present in concentrations greater than 150-y pE!r 25 mI.,
uncomplexed iron interferes with the determination of cobalt in
two ways: In large concentrations it increases the absorbance of
the final solution, and in low concentrations where the first
phenomenon does not occur, a depression of the absorbance due
to the formation of ferrous-nitroso R salt takes place as shown in
Figure 1.
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presence of ferrous iron, the bromination procedure is repeated
and 1 m!. of nitroso R salt is added. One milliliter of concen
trated nitric acid is added and any solids present are filtered or cen
trifuged. The sample is cooled and diluted to 25 mi., and its
absorbance is measured using a 525-mlL filter against a blank
prepared in the same manner.

Samples containing from 0 to 500-y of iron may be spiked with
200-y of iron and the quantity of cobalt determined from a repro
ducible working curve in which 200-y of iron are added to the
standard cobalt solutions buffered with sodium acetate as shown
in Table I and Figure 1.

17.0
32.5
47.3
62.0
75.0
88.0
99.7

Set 6

17:3
33.0
48.2
62.3
76.0
88.0
99.7

62.5
62.4
62.3
57.0
49.5

62.4
62.3
61. 8
48
8.8

62.5
62.0
62.0
62.4
62.3
62.1
62.4
62.4

Average Absorbance X 10'

17:0
32.5
47.3
62.0
75.0
88.0
99.7

14.5
27.5
41. 5
52.5
65.0
76.0
88.0

Set 2 Set 3 Set 4 Set 5

8.5
17.0
33.2
47.0
62.2
76.0
87.7
99.7

16
31.5
45.5
58.5
71.5
84.0
96.0

Set 1

Effect of Fluorides on Determ.ination of Cobalt
Average Absorbances X 102 (J

Fe+++

MnO.-

Co,
-y/25 Ml.

5
10
20
30
40
50
60
70

Interfering Ion

Cu++"

Table II. Effect of Ferric, Cupric, and PerIllanganate
Ion on DeterIllination of 40-y per 25 Ml. of Cobalt in

Presence of AIllIlloniuIll Fluoride
Concentration.

-y/25 Ml.

o
200
400
600
800

o
438
876

1314
1758

o
200
400
600
800

1400
1800
3000

Triplicate solutions known to contain from 5 to 70-y of cobalt
were treated with nitroso R salt, sodium acetate, and nitric acid
and their absorbances were measured against a similarly treated
blank (Table I).

INTERFERENCES. Duplicate solutions containing 40,>, of cobalt
and varied amounts of permanganate, ferric, and cupric ions were
treated with nitroso R salt and ammonium fluoride. The re
sults are shown in Table II.

Table I.

PREPARATION OF SAMPLE. Samples containing refractory oxide
of cobalt are ground, mixed, weighed, and transferred to a cruci
ble. Six to ten times the sample weight of potassium pyrosulfate
are added, the mixture is heated gently until dry, and then the
heat is gradually increased until no more sulfur trioxide is evolved.
After the crucibles have'cooled, the fused material is transferred
to a 150-m!. beaker and dissolved in water (heat may be required).
If the sample is liquid or acid-soluble, it need only be neutralized.

PROCEDURE. Two or 3 drops of bromine are added to neutral
samples and the solution is boiled until bromine fumes are no
longer evolved. Mter addition of 2 m!. of 33% sodium acetate,
potll&lium fluoride is added dropwise until the amber color of
ferric acetate disappears; then 2 or 3 more drops of 33% potas
sium fluoride are added. One or 2 drops of concentrated hydro
chloric allid and 1 ml. of nitroso R salt are added and the solution
is heated to bl)mJl~, If the solution turns green, indicating the

A. Cobalt nitroso R salt in absence of iron against reagent: blank
B. Cobalt nitroso R salt forJned in presence of 200'Y of uncoInplexed

iron against reagent blank

Fluorides form stable colorless complexes with ferric iron in
solution, which prevent the formation of the deep green ferrous
nitroso R salt complex, or precipitate the iron in the form M 3FeF.
where M can be sodium, ammonium, or potassium. Ferrous iron
does not form stable fluoride complexes and, therefore, must be
completely oxidized before the addition of the complexing agent.
(Bromine may be used for this purpose, if it is subsequently re
moved.)

Of the fluorides studied, ammonium fluoride is unsatisfactory
because it etches glass badly and precipitates excess iron too
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PRECISION OF METHOD

The method was tested throughout the range by two oper
ators (Table III).

slowly. Potassium fluoride, because of its high solubility in water
is satisfactory as a complexing agent, as shown in Figure 2, for
samples that do not require filtration of other solids. This re
sult confirms the observation of Overholser and Y oe (5).

Curve A in Figure 2 is identical to working curves produced
from cobalt in buffered solutions containing ammonium fluoride
with and without iron and solutions of potassium fluoride without
iron. This is also evident from Table 1.

Excess potassium fluoride etches glass absorption cells; there
fore, solid sodium fluoride may prove more satisfactory in solu
tions containing unknown quantities of iron. Consider

6NaF~ 6Na+ + 6F- + Fe+++~FeF.--

solid

As sodium fluoride is only slightly soluble in water, fluoride ion
does not exist in sufficient concentration to cause etching. The
quantity of sodium fluoride consumed is controlled by the quan
tity of ferric ion present.

It appears from Figure 2 that solu~ions treated with alkali
fluorides follow Beer's law more closely than those which contain
no fluorides. While ammonium fluoride effectively eliminates
the interference of ferric iron, it has apparently less, if any, effect
on the interferences of cupric or permanganate ion. Table II
shows that copper interferes above 400,>, and permanganate inter
feres above 900,>" while even 3000,>, of iron does not interfere.
Other experiments show that even 300 mg. of iron will not inter
fere with determination of cobalt in this procedure.

where x is a numerical result, x is the mean value of X, and n is the number of
determinations.

Table III. Precision of Method
No. of Co Standard Deviationsa ,
Detns. Present, 'Y %

SUMMARY

A rapid photometric procedure using nitroso R salt for the
determination of microgram quantities of cobalt in the presence
of macro quantities of iron has been established. Its precision
ranges from a standard deviation of greater than ±2% with. 10,>,
samples to less than ± 1%for samples containing larger quantities
of cobalt.

Alkali fluorides were effective as complexing agents for ferric
iron and precautions are described to prevent etching of absorp
tion cells. In the presence of fluorides, working curves conform

a Calculated by the following equation:

. .I(x - x),
SIgma = "--n-- =

Figure 2. Effect of Fuorides on Absorbance of Cobalt
Nitroso R Salt in Salllples Containing Iron
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A. Cobalt nit.roso R salt fornt.ed in presence of 200-y of iron cOIDplexed
with potassiulD. fluoride and sodiuDl. acetate and llleasured
against reagent blank

B. Nitroso R salt in absence aCiran and fluorides agains't reagent; blank
C. Cobalt ni'troso R sal't in presence of iron agains't reagen't blank

very closely to Beer's law in both the presence and absence of
iron. This method makes possible the rapid determination of
cobalt in steels.

No deviation
2.17
LOS
1.13
0.45
0.66
0.22
047

~x, - ~x)'/n

5
10
20
30
40
50
60
70

3
6

12
10
46
12
11
12



Amperometric Titration and Voltammetric Determination
of Iodide

With Rotated Platinum Wire Indicator Electrode

I. M. KOLTHOFF AND JOSEPH JORDAN 1

School of Chemistry, University of Minnesota, Minneapolis 14, Minn.

The deterIllination of 10-6 to 10-3M iodide, by
IlleasureIllent of its anodic diffusion current at the
rotated platinuIll wire electrode, was carried out at a
potential of +0.65 volt vs. SCE in a supporting elec
trolyte of 1M sulfuric acid plus O.OIM hydrocyanic
acid. Application of the voltaIllIlletric characteris
tics of the iodine-iodide system and various oxidizing
and reducing agents led to the developIllent of
several aIllperoIlletric titration Illethods for the
deterIllination of iodide in very dilute solutions.
Iodide can be titrated with standard potassiuIll
iodate or perIllanganate in sulfuric acid solution to
an iodide or an iodine cyanide end point at a poten-

I T HAS been shown (..;) that the anodic diffusion current of iodide
at the rotated platinum wire electrode under certain condi

tions is proportional to concentration. From the knowledge of
the voltammetric characteristics of the iodide-iodine system, com
bined with a study of the behavior of commonly used oxidizing
and reducing agents, it is possible to predict suitable conditions
for an accurate, rapid, and simple determination of iodide at high
dilutions by amperometric titration, using the rotated platinum
wire electrode as indicator electrode. Several oxidimetric and
reductimetric reagents have been investigated with this purpose
in view. Methods have been developed for the direct titration
of iodide with iodate, cerium(IV), or permanganate at concen
trations greater than 1O-6M. The sensitivity range of the am
perometric titration can be extended to trace concentrations of
iodide of the order of 0.3 to O.4/LM by conversion of the iodide to
iodate and titration of the latter.

At the rotated platinum wire electrode the reaction 12 + 2 e :;:::=
21- proceeds reversibly in acid solution (4,12). A solution con
taining both iodine and iodide yields a cathodic and an anodic
wave with well defined diffusion currents as illustrated in Figun
1. It is seen (Figure 1, curve I) that a solution of 5 X lO-·M
iodine and 1O-4M iodide in 1M sulfuric acid gives a composite
wave with a half-wave potential of +0.5 volt. (All potential
values reported are referred to the saturated calomel electr'ode.)
The cathodic diffusion current of iodine extends over a poten
tial range between 0 and +0.35 volt vs. SCE.

Because of the marked volatility of iodine in aqueous solution in
the absence of iodide (or much bromide or chloride), it is not prac
ticable to determine iodine voltammetrically unless a complex
former is present to decrease the volatility. With proper pre
cautions against losses, the diffusion current of iodine in water (in
the absence of complex formers) is proportional to concentration.
In the presence of an excess of iodide practically all the iodine is
converted into the triiodide ion, the diffusion current of which is
equal to that of an equimolar concentration of free iodine (4).

The anodic diffusion current of iodide (oxidation to iodine) ex
tends over the potential range between +0.60 and +0.75 volt
vs. SCE. At still more positive potentials, an ill-defined second
anodic wave is obtained corresponding to the irreversible electro
oxidation of iodide (or iodine) to 1+. Iodide can be determined

1 On leave from the Hebrew University. Jerusalem: Israel.

tial of +0.65 volt vs. SCE. Titrations at a potential
of +0.2 volt vs. SCE with ceric ceriuIll in the presence
of hydrocyanic acid and with perIllanganate in the
presence of either acetone or hydrocyanic acid yield
good results, but are liIllited in applicability because
other halides interfere. Two precise Illethods, effec
tive for extreIllely sIllall concentrations of iodide, are
based on the oxidation of iodide to iodate and the
titration of iodate. Using the aIllperoIlletric titra
tion Illethods, a precision and accuracy of 0.2% were
attained in the 10-6 to 10- 3M concentration range
and of 1 to 5% at concentrations as low as 10-7 to
10-6M.

at 25 0 C. by measurement of its anodic diffusion current in O.IM'
perchloric acid at a potential of +0.70 volt in a range of concen
trations between 10-5 and 1O-3M, the precision being of the order
of 2% in a 1O-4M solution (4).
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Figure 1. Current-Voltage Curves Obtained
at Rotated Platinum Wire Electrode

I. 5 X 10 -'M iodine + 10 -'M potassiuIn iodide in 1M
sulfuric acid

II. 2 X 10-'M potassiuIn iodide in O.IM hydrochloric
acid + 1M po'tassiuIn chloride

Ill. 2 X 10-'M potassiuIn iodide in O.IM hydrochlori"
acid

I I, 11', III'. Residual current curves

In the present work it was found that the voltammetric deter
mination is more precise (1 % in a 1O-4M solution) when carried
out in 1M sulfuric acid (instead of O.IM perchloric acid) as sup
porting electrolyte, the diffusion current being measured at a
potential of +0.65 volt. Furthermore, the range of the method
was extended to iodide concentrations as low as 1O-6M by using
an indicator electrode of an area about 10 times larger than that
of the platinum wire electrode previously described.

Bromide does not interfere, even if present in a concentration
of 2M. In the presence of chloride, high and erratic results are
obtained. This is due to the fact that in the presence of much
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chloride (1M and up), iodide yields an anodic wave with a poorly
defined diffusion current (4) corresponding to the electrode re
action 1- + 2CI----ICI-2 + 2 e. An example of a wave of this
type (in 1M potassium chloride plus O.IM hydrochloric acid) is
shown in Figure 1 (curve II) together with a current-voltage curve
of 1O-4M iodide obtained in the presence of O.IM hydrochloric
acid only (curve III). The first of the two diffusion currents
obtained in O.IM hydrochloric acid with no 'additional chloride
present (2 I-p 12 + 2 e) is ill defined; the second (12 + 2CI ---
2ICI + 2 e) is well defined, but its magnitude varies consider
ably with changes in chloride concentration.

+0.45 to +0.50 volt and are not affected by the presence of even
2M bromide or chloride. Iodoacetone and iodine cyanide yield
no cathodic waves at the rotated platinum electrode within the
working range of potentials.

Iodate, permanganate, and cerium(IV) were considered as pos
sible reagents for the direct oxidative titration of iodide to an am
perometric end point. Iodate in 1M sulfuric acid (also in the
presence of O.OIM hydrocyanic acid or of 20% acetone) yields
no reduction current at the rotated platinum wire electrode at
potentials more positive than +0.3 volt.

Current-voltage curves of 1O-4M cerium(IV) (one-electron
reduction) and of 1O-4M permanganate (five-electron reduction)
in 1M sulfuric acid (not reported previously in the literature) are
shown in Figure 3. Both solutions yield cathodic waves with
diffusion currents extending over a potential range between +0.5
and 0.0 volt. The cathodic diffusion currents, measured at a
potential of +0.2 volt, are proportional to the concentration of
cerium(IV) and permanganate, respectively, between 2 X 1O-8M
and 1O-3M. The half-wave potential is +0.85 volt for the
cerium wave and +0.82 volt for permanganate. The presence
of 0.01111 hydrocyanic acid does not affect the waves.

Iodide can be determined voltammetrically in the presence of
chloride if hydrocyanic acid is added to the supporting electrolyte.
A current-voltage curve of 10 -4M iodide in 1M sulfuric acid plus
O.OIM hydrocyanic acid is shown in Figure 2 (curve I). A single
anodic wave is obtained which corresponds to the two-electron
transfer

1.0 0.5 00

POTENTIAL OF INDICATOR ELECTRODE. VOLT vs.SCE

Figure 2. Current-Voltage Curves of 2 X
10-4M PotassiuD1 Iodide Solutions at

Rotated PlatinuD1 Wire Electrode
I. In M sulfuric acid + O.OIM po~assiuJncyanide

II. In 1M sulfuric acid + 20% v./v. ace~one
I', II I. Residual current. curves

POTENTIAL OF INDICATOR ELECTRODE. VOLT .s.SCE

Figure 3. Current-Voltage Curves in 1M
Sulfuric Acid

I. 10-'M ceriuJn(IV)
II. IO-4M potassium perD1anganate
Residual current
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(1)1- + HCN P ICN + H+ + 2 e

and which is not affected by the presence of chloride.
Current-voltage curves of iodide in the presence of acetone have

not been reported previously. It was found in this investigation
that iodide yields a well defined anodic wave in 1M sulfuric acid
plus 20% v./v. acetone. An example is plotted in Figure 2
(curve II). It is seen that the diffusion current in the presence of
acetone extends over the same range of potentials as in the pres
ence of hydrocyanic acid (Figure 2, curve I)-i.e., from +0.65 to
+0.95 volt. The diffusion current in 20% acetone is proportional
to iodide concentration in the range between 10-6 and 10-3111.
The oxidation of iodide in the presence of 20% acetone and 1M
sulfuric acid occurs quantitatively according to the over-all
equation

1- + CH3CGCH. P CH2ICGCH3 + H + + 2 e (2)

The diffusion current in the presence of 20% acetone is about
one sixth larger than that obtained in O.OIM hydrocyanic acid at
the same iodide concentration. Acetone has a similar effect on
the wave heights of permanganate and cerium(IV). This ef
fect cannot be accounted for by changes in the viscosity of the
solution. While an increase in diffusion current would normally
correspond to a decrease in viscosity, it was found the viscosity
at 25~ 0 C. of 1M sulfuric acid in water and in 20% acetone is equal
to 1.08 and 1.38 centipoises, respectively. The waves in acetone
and in hydrocyanic acid have a half-wave potential of about

For the indirect determination of iodide by transformation to
iodate and titration of the iodine liberated by an excess of iodide
(11), thiosulfate proved to be a suitable amperometric reagent
in agreement with recent findings in the literature (1,5). At po
tentials more negative than +0.4 volt, thiosulfate did not give
an anodic current under the experimental conditions.

OUTLINE OF METHODS

The iodide-iodine cyanide diffusion current is ideally suited for
the voltammetric determination of iodide at the rotated platinum
wire electrode. It is recommended that the current be measured
at a potential of +0.65 volt at 25 0 C. and that an aqueous solu
tion of 1M sulfuric acid plus O.OIM potassium cyanide be used
as supporting electrolyte.

To select suitable conditions for the amperometric titration of
iodide, application was made of the classical stoichiometric oxida
tion reactions with iodate, ceriumOV), and permanganate. The
direct oxidation of iodide must be carried out in acid solution and
involves one or two equivalents. In the presence of acetone or
cyanide, iodide is oxidized to the unipositive state (7-10). In
the absence of acetone or cyanide, cerium(IV), permanganate, or
iodate in acid solution oxidize iodide to elementary iodine. How
ever, the amperometric titration of iodide in dilute solutions to an
iodine end point could not be carried out satisfactorily under the
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In the absence of bromide, at chloride concentrations below
O.IM and in the presence of O.OIM hydrocyanic acid, iodide can
be titrated with either permanganate or with cerium(IV) at a
potential of +0.2 volt, where the diffusion current of excess rea
gent is measured and where iodide does not yield an oxidation
current. Illustrations of the corresponding titration curves are
given in Figure 5 (curves I and II). However, since bromide and
much chloride interfere, the titration at +0.65 volt with perman
ganate in the presence of bromide is much to be preferred because
of its general applicability.

Iodide in 1M sulfuric acid can also be titrated with perman
ganate in the presence of 20% v./v. acetone at a potential of
+0.2 volt (Figure 5, curve III); this procedure, too, fails in the
presence of bromide or more than O.IM chloride. The use of
cerium(IV) as reagent instead of permanganate is not practica
ble on account of a relatively slow reaction rate.

0.0 1.0 I.'
ml. REAGENT ADDED

Figure 4. AIDperOlnetric Titration Curves of 50 lUI. of
10 -4M PotassiuID Iodide Solution with 2 X 10 -3M Potas

siuID Iodate at +0.65 Volt vs. SCE

I. In 1M sulfuric acid
II. In 1M sulfuric acid + O.Olll1 potassiUDl cyanide

experimental conditions with cerium(IV) or permanganate be
cause the reaction rates were too slow. Good results were ob
tained using standard potassium iodate as titrant and 1M sulfuric
acid as supporting electrolyte.

The reaction proceeds according to the equation
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Figure 5. AIDperoIDetric Titration Curves at a Potential
of +0.2 Volt vs. SCE

I. 50 In}. of 10 -4M potassiuUl iodide in 1M sulfuric acid + O.OIM
potassiUIll cyanide titrated with 2 X lo-aM potassiUDl
perm.anganate

II. 50 Itll. of 10 -4M potassium. iodide in 1M sulfuric acid + O.OIM
potassiu:m cyanide titrated with 10 -2M ceriuDl(IV)

III. 50 Inl. of lO-'M potassium iodide in 1M sulfuric acid + 20%
v./v. acetone titrated with 2 X 10-aM potassiuJU perntan
ganate

IV. 50 IDI. of 2 X 10 -JIM potassium. iodate in O.02M sulfu.ric acid +
excess potassium iodide titrated with 5 X 10 -3M sodiulIl
thiosulfate

The titration was carried out at a potential of +0.65 volt corre
sponding to the iodide-iodine diffusion current. A titration curve
of this type is shown in Figure 4 (curve I). If bromide is also
present, it reacts with the excess iodate to form elementary bro
mine which yields a cathodic current at the working potential.
In the presence of chloride, the titration line of iodide in 1M sul
furic acid is distorted, because of the effect of chloride on the cur
rent-voltage curve of iodide (Figure 1, curves II and III). These
interferences can be eliminated by making the supporting elec
trolyte O.OIM in hydrocyanic acid. In a medium of 1M sulfuric
acid plus O.OIM potassium cyanide, the oxidation of iodide pro
ceeds to the unipositive state

0.0 1.0

21- + I03 - + 3HCN + 3H+;::= 3ICN + 3H20 (4)

A titration curve of iodide with iodate in the presence of hydro
cyanic acid is plotted in Figure 4 (curve II). In this case, bro
mide (in concentrations as high as 2M) does not interfere because
it is oxidized by excess iodate to bromine cyanide which does not
yield a cathodic current under these experimental conditions.
Chloride has no effect on the titration line, because iodine cyanide
is· considerably more stable than iodine chloride. Under the
same conditions (in 1M sulfuric acid plus O.OIM potassium cy
anide and at a potential of 0.65 volt) permanganate and cerium
(IV) can also be used as titrants, even though their diffusion cur
rents are not attained at the working potential of the indicator
electrode. During the titration the anodic diffusion current of
iodide decreases as in Figure 4, curve II. At the end point the
current is O. Mter the end point a cathodic reagent current is ob
tained which, however, is not proportional to the concentration of
the excess titrate. The titration curve with permanganate be
comes entirely similar to curve II in Figure 4 when the medium is
O.OIM in hydrocyanic acid, 0.5M in potassium bromide, and 1M
in sulfuric acid. Excess permanganate is rapidly reduced by the
bromide, with bromine cyanide being formed. Cerium(IV) is
not a satisfactory reagent in this titration because it reacts too
slowly with bromide.

Reaction 3 was used in an indirect determination of iodide.
The iodide was converted into iodate using an excess of chlorine
water as oxidant. Subsequently, the iodate was titrated ampero
metrically by one of the following methods:

Titration with standard 'potassium iodide solution in 1M
sulfuric acid at a potential of +0.65 volt. The corresponding
titration curve is the converse of the one obtained in the titra
tion of iodide by standard iodate in the same medium (Figure 4,
curve 1). The end point is determined by the excess reagent
line of iodide-i.e., by the iodide-iodine anodic diffusion current.

Reduction of iodate to iodine by an excess of potassium
iodide. The liberated iodine is titrated with standard thio
sulfate solution at a potential of +0.2 volt corresponding to the
iodine-iodide cathodic diffusion current. An example of a
titration curve of this kind is plotted in Figure 5 (curve IV).

EXPERIMENTAL

Materials. Reagent grade chemicals were used throughout.
Solvents (conductivity water and acetone) were redistilled im
mediately before use. Cerium(IV) solutions were prepared by
standard methods from ceric ammonium sulfate obtained from
the G. Frederick Smith Chemical Co.

Apparatus and Technique. A simple electrolysis cell, made of
a 100-ml. borosilicate glass. beaker (3) and a Hume-Harris satu
rated calomel reference electrode (2) were used in all the experi
ments. Current-voltage curves were recorded with a Sargent
Model XXI polarograph in a thermostated water bath at 25°



d Upper limit of concentration range is IO-3M.
e Upper limit of concentration range is lO-4M.
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Precision, and Accuracy of Iodide Detenninations
Approximate Sensitivity Limit

Iodide, 'Y per
Precisiona , AccuracyG, Maximum Tolerance10 Ml. of

Cz-, Moles per Liter Sample % % To To
Ab Be Ab B Ab Be Ab Be chloride' bromide

1O-'d 10 -86 13 1-2 1 5 1 5 cc

2 X 10-' 2 X 10-' 25 2-3 0.4 2 0.5 3 5 X 1O-'M None

10-' 10-' 13 1-2 0.2 0.2

10-' 10-' 13 1-2 0.3 3 0.3 3 O.lM 10 X [1-

10-' 10-' 13 1-2 0.2 0.1 O.lM None

10-' 10-' 13 1-2 0.2 0.2 O.lM None

10 -, 10-' 13 1-2 0.1 2 0.2

4 X 10-- 4 X 10-' 5 0.5 0.4 4 2 5 X 1O-'M None

3 X 10-- 3 X 10-' 4 0.4 0.2 4 0.2 4

Medium Method.

1M H2S0., O.OlM HCN

1M H2S0., O.01M HCN,
0.5M KBr

1M H2S0.

1M H2S0" O.OIM HCN

1M H 2SO" O.OIM HCN

1M H2S0., O.IM KI

1M H2S0" O.OlM HeN Measurement of id at +0.65 volt
1M H2S04 Amperometric titration with iodate

at +0.65 volt
Amperometric titration with iodate

at +0.65 volt
Amperometric titration with

Ce(IV) at +0.2 volt
1M H2S0" 20% acetone Amperometric titration with per-

manganate at +0.2 volt
Amperometric titration with per

manganate at +0.2 volt
Amperometric titration with per

manganate at +0.65 volt
Oxidation to iodate and amper

ometric titration of 103 - with
iodide at +0.65 volt

Oxidation to iodate, addition of
excess iodide, and titration of
liberated iodine with thiosulfate
at +0.2 volt

a In 5 X 10 -'M solution for electrode A and in 5 X 10 -- solution for electrode B.
b Small electrode
e Large electrode.

Table I. Concentration Range,
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± 0.02° C. Diffusion currents were measured at the same tem
perature, using a manual setup described previously (6).

Amperometric titrations were carried out at room temperature
with a simple circuit. Potentials were applied using an uncali
brated slide-wire potentiometer which was adjusted to the desired
value by compensating against a Leeds and Northrup type K1
potentiometer at the electrodes. The potentiometer can be
eliminated by short-circuiting the electrolysis cell with a half
cell of suitable potential.

The current was measured with a General Electric portable
type mirror and scale galvanometer which had a maximum
sensitivity of about 1O-8/La per mm. The working sensitivity
of the current measuring instrument was adjustcd with an
Ayrton shunt and calibrated by measuring the potential drop
across a standard resistance connected in series. Whenever
current readings were taken, the cell circuit was closed. for a
brief period of time with a tap key. Between readings the cir
cuit was left open to avoid depletion of the solution by electrolysis.
It has been shown (3) that significant. errors may be caused by
depletion upon continued electrolysis, especially when large
electrodes and small volumes of solution are used.

Two indicator electrodes made of platinum wire about 0.5
mm. in diameter but of different area Were used. They were
approximately 4 and 35 mm. in length and yielded diffusion
currents of 251 ± 1 and 2232 ± 20/La. per millimole per liter, re
spectively, for the thallous-thallic oxidation in O.lM sodium
hydroxide. The electrodes were sealed into glass, and electrical
contact was made with the aid of mercury. The platinum
glass joints were carefully annealed, because irregularities at
the metal-glass interface give rise to abnormally large residual
currents.

The electrodes were stored in 10M nitric acid when not in
use. They were rinsed with water shortly before the start of
an experiment and then immersed fur 10 minutes in the experi
mental solution before a potential was applied. On applying an
initial potential 2 to 3 minutes elapsed before a steady current
could be measured; thereafter the electrode responded instan
taneously to changes in applied potential (when measuring
current-voltage curves) and concentrations (in amperometric
titrations). A synchronous motor was used to rotate electrodes
at 600 r.p.m. The electrode wire was bent eccentrically to pro
vide sufficiently constant stirring for rapid mixing during titra
tions.

Residual currents appeared to be negligible in the working
range. of potentials. Standard solutions of titration reagents
in the 10-" and 1O-4N concentration range were prepared
shortly before use by dilution of 1O-2N solutions. The O.OlN
solut.ions were standardized daily by classical procedures. The
cerium(IV) solutions were made up in 1M sulfuric acid. Stand
ard potassium iodide solutions were made oxygen-free by deaera
tion. with purified Linde nitrogen and were stored under nitro
gen

Procedure. In each titration, 25 or 50 mI. of sample was used.
Normalities of reagents used for titration were about 50 times
those of the samples and were dispensed from 5-ml. precision
microburets. For direct titrations with permanganate and
cerium(IV) an aliquot of the sample was made 1M in sulfuric

acid and O.OlM in potassium cyanide (or 20% v./v. in acetone)
and titrated immediately.

For the determinations involving the oxidation of iodide to
iodate, the sample solution was first neutralized with sulfuric
acid to a methyl orange end point and then made O.02M in
sulfuric acid. Chlorine water was added until a permanent
yellow color was obtained. The solution was boiled for 3
minutes, cooled, and deaerated for 30 minutes with nitrogen
to remove excess chlorine. Subsequently, an aliquot was either
acidified to 1M in sulfuric acid and titrated with standard
potassium iodide, or excess potassium iodide was added (to
make the solution about O.lM in iodide) and the liberated iodine
titrated with standard thiosulfate.

When using the smaller electrode, the reagent blanks proved
to be negligibly small. In titrations with the large electrod.e,
blanks were equal to about 5% of the reagent required for the
sample of the smallest concentrations determined. These
blanks were applied as a correction to the experimental results.

RESULTS AND DISCUSSION

The methods were tested over a wide range of iodide concentra
tions from lO-'M down to extreme dilutions 'Yhere the sensitiv
ity of the current measuring instruments became the limiting fac
tor. The lower limit to the applicability of the various ampero
metric titration procedures was set at concentrations at which the
maximum current reading became less than a full scale deflection
of the galvanometer at maximum sensitivity (about 2JLt1). The
large electrode carried the range of all methods to iodide concen
trations smaller by one order of magnitude as compared to the
small elect.rode.

All results presented in the figures were obtained using the
small indicator electrode. Concentration ranges, precision, and
accuracy as determined with both electrodes are summarized, in
Table 1. Interferences tested for were bromide and, chloride,
The limit of tolerance towards these halides is also given in the
table.

The voltammetric determination of iodide by the measurement
of its diffusion current in the presence of cyanide can be carried out
without interference from bromide and chloride. The method is
limited to iodide concentrations between 10-6 and 1O-3M and
its precision and accuracy are relat.ively poor. The titration meth
ods give considerably better accuracy and precision. From
the viewpoint 01 applicability in the presence of bromide and chlo
ride, the titration at +0.65 volt in a supporting electrolyte of
O.OlM hydrocyanic.acid plus 1M sulfuric acid with Iodate as rea
gent.is recommended. Permanganate can be used as well when
the titration medium is made also 0.5M in bromide. The deter
mination of iodide after oxidation to iodate and titration of the
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liberated iodine with thiosulfate has the additional advantage that
for a given amount of iodide the required amount of reagent equiv
alents is three times as large as in previous methods.

Although the titration of iodide in concentrations greater than
1O-3M has not been discussed herein, the methods described can
be used with necessary changes for larger concentrations.
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Titration of Weak Bases in Acetic Anhydride Solvent Mixtures
JAMES S. FRITZ AND MYRON O. FULDA, Iowa State College, ATnes, Iowa

The purpose of this investigation was to study the effect of titrating bases in
organic solvents from which the last traces of water have been removed by the
addition of excess acetic anhydride. For most tertiary aOlines and alkali metal
salts, this increases considerably the sharpness of the break and rise in potential
at the end point. A very large excess of acetic anhydride does not further in
crease the sharpness of the end point. The method proposed gives excellent re
sults for tertiary alllines including nitrogen heterocyclics of the purine, pyridine,
pyridone, and thiazole type. Primary, secondary, and a few heterocyclic amines
cannot be titrated. This method offers increased accuracy and broadens the
scope of titrations in nonaqueous solvents to include weaker bases than forOlerly
could be titrated.
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> 70C
j

'"
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ML. OF 0.1 N HClO4

Figure 1. Titration of Lithium Nitrate
A.. In acetic acid-acetic anhydride
B. In acetic acid
C. In acetic acid with titrant in p-dioxane

nitromethane at room temperature are dissolved in a small
amount of acetic acid, heating if necessary to effect solution.
Titrate from a 10-m!. buret using a pH meter or other direct
reading titrator equipped with glass and fiber-type calomel
electrodes to determine the end point. For visual titrations,
use 2 drops of a suitable indicator. For macrotitrations using
a 50-m!. buret, multiply the quantities of sample and solvent
used by 5.

A blank is run to correct for the small amount of acid required
to bring the solvent mixture to the equivalence point potential
or to the corresponding indicator color. This usually amounts
to 0.01 to 0.04 m!. and is subtracted from the final buret reading.

I T HAS been recognized (3-5) that the presence of water de
creases the sharpness with which bases can be titrated in acetic

acid and other nonaqueous solvents. Because of this, the water
in perchloric acid from which the titrant is prepared is often re
moved by addition of a calculated amount of acetic anhydride.
Some water still remains, however, since reagent grade glacial
acetic acid commonly contains 0.3 to 0.5% water.

The purpose of the present investigation was to study the
titration of weak bases in nonaqueous solvents. completely free
from water. These conditions are practically obtained by titrat
ing in solvents such as acetic acid or nitromethane containing 5
to 20% acetic anhydride. Titrations of tertiary amines in acetic
acid containing acetic anhydride have been carried out (1, 7),
but no data are available concerning the effect of the acetic
anhydride on the titration curve.

REAGENTS AND SOLUTIONS

Acetic acid, ACS grade glacial.
Acetic anhydride, ACS grade.
Nitrobenzene, Matheson.
Nitromethane, Eastman or Matheson.
1,S-Diphenyl-3-pentadieneone (dibenzalacetone). A 0.1 %

solution in acetic acid.
1-Naphtholbenzein. A 0.1 % solution in acetic acid.
Neutral red, 0.1 % solution in acetic acid.
Perchloric acid. A O.IN solution is prepared by mixing 8.5

ml. of 70 to 72% perchloric acid with enough acetic anhydride
to remove all of the water. Let this mixture stand overnight,
then dilute to 1 liter with acetic acid. Standardize against
potassium acid phthalate.

Triphenylmethanol (triphenylcarbinol). 0.1% solution in
nitromethane.

Samples were analyzed as received. Most were 98 to 100%
pure.

PROCEDURE

Dissolve a 0.3- to O.8-meq. sample in 20 ml. of 4 to 1 nitro
methane-acetic anhydride. Substances not readily soluble in

EFFECT OF ACETIC ANHYDRIDE

Several weak bases were dissolved in acetic acid, acetic acid
acetic anhydride, nitromethane, and nitromethane-acetic anhy-
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dride. Each solution was then titrated with perchloric acid in
glacial acetic acid. Figures 1 and 2 show that the rise in poten
tial at the end point is considerably greater for the titrations
where acetic anhydride is present. Acetic anhydride mixed with
the solvent also causes a sharper end point, as shown by the
plot in Figure 3.
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Figure 2. Titration of Caffeine
A. In nitrornethane-acetic anhydride
B. In nitrornethane
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Figure 4. Addition of Water to Perchloric Acid
Solutions

SCOPE

As excess acetic anhydride is present during the titration, it is
evident that this method cannot be used for primary and second-

It is believed that the complete removal of water by acetic
anhydride causes the considerable improvement in end points
noted above. When water is present, at least some of the H,Ac +
010.- is probably converted to H 30 +010.-, which is a consider
ably weaker acid. The data plotted in Figure 4 give further
experimental support to this argument. Here it will be noted
that the addition of a small amount of water to a water-free
solution of perchloric acid causes a considerable drop in potential.
Also, in the titration of caffeine almost identical curves were
obtained in nitromethane containing 5, 20, and 50% (volume)
acetic anhydride. This infers that 5% acetic anhydride removes
all of the water, and more acetic anhydride therefore causes no
further improvement in the end point.

1500

lOOO

500
A

ML OF 0.1 N HC104

Figure 3. Differential Plots
A. Lithium. nitrate in acetic acid
B. Lithium. nitrate in acetic acid-acetic anhydride
C. Caffeine in nitroDl.ethane
D. CaJreine in nitro:rnethane-acetic anhydride

o

ary amines. (The latter, however, do not interfere in the titra
tion of other bases if they are completely acetylated by heating
with acetic anhydride beforehand.) It is a valuable method for
tertiary amines and for the alkali metal or tertiary amine salts
of most acids. Included with tertiary amines are numerous
important nitrogen heterocyclics of the purine, pyridine, pyri
done, thiazole, and other types. Figures 5 and 6 show titration
curves for several typical bases. Table I gives quantitative data.

An interesting compound which can be quantitatively titrated
is triphenylmethanol (Figure 5). This is perhaps the first ex
ample reported of a quantitative titration of an alcohol as a base.

Although many nitrogen heterocyclic compounds can be
titrated, acetic anhydride appears to enter into disturbing side

Table I. Potentiollletric Titrations in 4 to 1
NitrOlnethane-Acetic Anhydride

Purity
Foundt

Compound %

Benzothiazole 97.8
97.7

Caffeine 99.8
99.6

5,7-Dichloro-8-quinolinol 95.8
96.2

1-Methyl-2-pyridone 95.1
96.1

Nicotinamide 99.8
99.6

8-Nitroquinoline. 95.1
94.5
94.5

Quinoxaline 97.8
97.5

Theobromine 99.3
100.0
100.0

Theophylline 99.2
99.2

Triphenylmethanol 100.5
100.2
100.0
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Titrations in 4 to 1 Nitrolllethane-Acetic
Anhydride Using Visual Indicators

Purity, %

Compound

Benzothiazole
Caffeine
1-Methyl-2-pyridone
Nicotinamide
Quinoxaline
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Figure 7. Approxilllate Transition Ranges of Indicators
in 80% Nitrolllethane-20% Acetic Anhydride

Table II.
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Figure 5. Titrations in 80% Nitrolllethane-20% Acetic
Anhydride

A. Triphenybnethanol. B. Quinoxaline. C. Benzothiazole
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Figure 6. Titrations in Various Solvents

A. I-Methyl-2-pyridone in nitrom.ethane-acetic anhydride
B. SodiUD1 acetate in acetic acid-acetic anhydride
C. 8-Nitroquinoline in nitrom.ethane-acetic anhydride

"'I- OF 0.1 N HC104

Titration Curves for I-Methyl-2-Pyridon e
and Caffeine

A. I-Methyl-2-pyridone in acetic acid-acetic anhydride
B. I-Met.hyl-2-pyridone nit.roJnet.hane-acetie anhydride
C. Caffeine in acet.ic acid-acet.ic anhydride
D. Caffeine in nit.roD1.et.hane-acetic anhydride

reactions with some. Quantitative results with benzotriazole,
3-methoxypyrazole, phenazine, pyrimidine, or pyrrole could
not be obtained.

INDICATORS

Although potentiometric titrations are usually better for colored
compounds and for very weak bases, use of visual indicators
is often very convenient. Methyl violet, I-naphtholbenzein,
neutral red, triphenylmethanol and dibenzalacetone are all useful
indicators for titration of bases in nitromethane-acetic anhydride.
A potentiometric curve should first be carried out to establish the
equivalence potential and thus choose the proper indicator.

Figure 7 shows approximate transition potentials for these
indicators. These data were obtained by titrating magnesium
acetate with O.lN perchloric acid; also by titrating various weak
organic bases with O.lN perchloric acid. For titrations carried
out using different ionic strengths 'than those reported here,
the transition point of the indicator may be appreciably different
(2, 6). Data for visual titrations of several amines are given in
Table II.

DISCUSSION

Nitromethane was widely used in the present work for several
reasons. It is readily available and is practically water-free.

Its high dielectric constant makes it possible to obtain steady
potentials using a fiber-type calomel electrode.

Use of nitromethane-acetic anhydride often gives sharper end
points than are obtainable with acetic acid-acetic anhydride.
Figure 8 illustrates this effect for caffeine and I-methyl-2
pyridone. Salts such as lithium nitrate and sodium acetate gave
just as good results in acetic acid-acetic anhydride.
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Direct Extraction-Pycnometer Method for Oil Content of
Refinery Effluents

W. S. LEVINE, G. S. MAPES, AND M. J. RODDY

Technical Service Department, Socony-Vacuum Laboratories, Brooklyn 22, N. Y.

Existing Inethods for deterInining the oil content of
waste water are not entirely satisfactory. If rapid.
they are inaccurate; if accurate, they are tiIne-con
sUIning. This report describes a rapid and accurate
Inethod, which is especially applicable to wastewaters
having appreciable quantities of volatile Inaterial.
The oil is extracted with carbon tetrachloride. The
extract, after filtration and separation froIn en
trained water, is run into a two-arIned pycnotneter

and weiglied. The oil solution will weigh less than an
equal voluIne of pure solvent. FroIn this difference
in weight and an assuIned value for the density of
the oil (based on prior IneasureInents) the oil content
of the saInple is cOlnputed. A nontechnical Inan
using two extraction units can do two deterIninations
in 1.5 hour~ With all types of saInples, including a
gasoline with initial boiling point of 100 0 F., the
average deviation froIn known values is less than 6%.

THEORY

Thus, although many methods have been recommended for
this analysis, no method is available that is rapid, accurate
(whether the oil has little or a high percentage of volatile constitu
ents), sensitive to about 1 p.p.m., and simple enough to be run by
nontechnical personnel using inexpensive equipment.

The purpose of this investigation was to develop a procedure
that has these characteristics to a greater degree than other
methods. However, this method is not sensitive to 1 p.p.ro. of
oil but only to 10 p.p.m.

WI = weight in grams
of solution of
oil in solvent

W 2 = weight in grams
of an equal
volume of sol
vent

where

1.59x/d - x = W2 - WI
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Figure 1. PycnoIneter for
DeterInination of Oil in Re

finery Effluents

This method is based on the fact that carbon tetrachloride
containing a small quantity of oil will weigh less than an equal
volume of pure carbon tetrachloride. The difference in weight is
the difference between the weight of the oil dissolved in the carbon
tetrachloride and the weight of a volume of solvent equal to that
of the oil.

If x represents the grams of oil in a sample and d the assumed
density of the oil, then x/d
is equal to the volume of
oil and to the volume of
carbon tetrachloride dis
placed by the dissolved
oil. Since the density of
the water-saturated car
bon tetrachloride is 1.59,
the weight of the carbon
tetrachloride displaced by
the oil is 1.59 x/d. The
net loss in weight repre
sents the difference be
tween the weight of
carbon tetrachloride dis
placed and the weight of
the oil. Hence,

Of the methods reported, the American Petroleum Institute has
recommended two procedures in its latest publication (2).
These are the flocculation-extraction U-tube method and reflux
distillation--extraction method.

The U-tube method uses ferric hydroxide to collect the oil and
diethyl ether to extract it from the precipitate. The procedure
is rapid, but if volatile material is present, it gives low results.

In the reflux distiliation-extractlOn method a sample is boil(ld
to remove volatile material and the remainder is extracted with
benzene. The solvent is evaporated-the last traces in a special
flask-and the residue weighed. The method is more accurate
than the U-tube method and determines both the volatile and non
volatile oil present. However, the procedure requires about 2
hours for a determination and the use of bulky equipment such
as 3-liter distillation ilasks, and 4-liter separatory funnels. Ap
paratus of this size requires considerable bench space and is awk
ward to handle when it has to be picked up and shaken. A de
tailed and extensive discussion of the nonvolatile oil phase of this
procedure can be found in a recent article by Musante (8).

T HE disposal of waste from manufacturing and refining proc
esses into waterways always has been a serious problem to

industry and adjacent communities. Many industries have
converted their wastes into marketable by-products. Despite
the great progress made in this direction, the problem is of ever
increasing interest to communities using water for recreation,
transportation, and human consumption.

In the petroleum industry, refineries have set up elaborate in
stallations to minimize the amount of waste products getting into
neighboring streams. The efficiency of such installations is
checked at regular intervals by analyzing the waste water leaving
the refineries and the water in adjacent streams. An important
phase of this program is to determine the oily material content
in these waters. For this purpose, numerous methods have been
suggested. These fall into four general categories:

Methods in which the oil is adsorbed on a fresh precipitate,
usually ferric hydroxide, extracted from the precipitate with a
volatile solvent, and weighed after evaporation of the solvent
(2, 6, 9, 10, 12).

Methods in which the oil is extracted from the water with a
volatile solvent and weighed after evaporating the solvent (3, 5,

12~ethods in which volatile constituents are separated by boiling
the water sample, after which the nonvolatile oil is extracted from
the remaining sample with a volatile solvent. The oil is weighed
after evaporation of the solvent (1, 2, 8).

Methods in which the oil is separated from the water by solvent
extraction or gas stripping. The solution or gas stream is then
analyzed with an instrument such as an infrared spectrophotom
eter (11) or a mass spectrometer (7).

1840
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This equation involves two assumptions: (a) formation of an
ideal solution when the oil dissolves in the carbon tetrachloride,
and (b) a value for the density of the oil. While the latter as
sumption is a disadvantage of the method, the same assumption
is made in calculating volatile oil contents in the API distilla
tion-extraction method (1) and the Al'l reflux distillation-extrac
tion procedure (2). In these methods a value of 0.88 is assumed.
In this procedure the value used is 0.87, the density of oil taken
from an oil separator.

Figure 2. AsseD1bled Extraction
Apparatus

Any laboratory using this method should not assume that the
oil in its waste water has this density. Wherever possible, each
laboratory should determine its own density values. This may
be done by skimming some oil from the surface of an oil separator,
centrifuging, and measuring the density of a portion of the oil
phase.

The weight of carbon tetrachloride equal in volume to the solu
tion of oil in earbon tetrachloride is measured wi th a two-armed
pycnometer (Figure 1), which is an adaptation of one described
by Lipkin, Davison, Harvey, and Kurtz (6). Actual volumes of
pure solvent or solutions are not measured, but a curve relating
weight of carbon tetrachloride in the pycnometer to the sum of the
heights of solvent in the arms of the pycnometer is prepared.
Thus, when the pycnometer is filled with a solution of oil in carbon
tetrachloride, the weight of an equal volume of the pure solvent
is that weight, read off the curve, that corresponds to the sum of
the heights of the sample solution in the arms of the pycnometer.

ANALYTICAL METHOD

Apparatus. Constant temperature bath, a conventional bath
used for determining the viscosity of oils. This consists of a cir
cular glass tank having a capacity of about 5 gallons, an ASTM
Saybolt viscosity thermometer (17 F-51), 66° to 80° F. range,
electric stirrer, and suitable thermostatic controls and heaters to
maintain the bath temperature at 77° ± 0.08° F. The bath is
equipped with cooling coils through which cold water may be run
when necessary. A copper or brass platform, with a surface 6 X 4
inches and a height of about 3.5 inches is placed in the bath.
The water level in the bath is adjusted so that when the pycnom
eter is on the platform, its side-arm markings are immersed.

Separatory funnels, one globe type having a capacity of 1 liter
(alliubrican t must be removed from the stopcock before use); one
cylindrical open-top type having a capacity of approximately 60
ml.
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Stirrer, any glass or metal stirrer that can fit into the globe
separatory funnel. A paddle type has been found suitable. It
should extend to within 1.5 inches from the bottom of the funnel.
A variable high-speed motor, clamped to a separate ring stand to
minimize vibrating the rest of the apparatus, drives the stirrer
which should be rotating at about 2400 r.p.m.

Fritted-glass filtering funnel, a coarse porosity funnel having a
capa~ity of approximately 30 ml.

Filtering flask, 2-liter capacity. The side arm is connected to
the fritted-glass filtering funnel inlet tube with rubber tubing.
The flask is filled with glass wool and closed with a tWfr-hole cork
stopper. A long glass tube extending almost to the bottom of the
flask through one hole is connected by means of rubber tubing to a
source of compressed air. The other hole remains open and is
closed with a finger when it is desired to apply pressure to the mix
ture in the fritted-glass funnel.

Pycnometer, constructed as shown in Figure 1. It may be pur
chased from the Otto Greiner Co., 221 High St., Newark, N. J.

Reagents. Carbon tetrachloride, C.P. Several gallons of the
solvent should be mixed in one container to minimize variations in
purity and used for this determination.

Water-saturated carbon tetrachloride. Mix about 100 mI. of
carbon tetrachloride with 10 ml. of water in a I-liter separatory
funnel and agitate the mixture vigorously for 5 minutes. After
the phases separate, run the lower layer through a clean, dry filter
paper into a 20Q-ml. flask and stopper with a metal foil-covered
cork stopper.

Phosphoric acid solution. Dilute 10 ml. of concentrated acid
to 100 ml. with distilled water.

Paper pulp. Whatman ashless tablets are suitable.
Preparation of Apparatus. A photograph of the apparatus

assembly is shown in Figure 2. The I-liter separatory funnel is
supported by a metal ring and a clamp around its neck. The
funnel stem, about 2 inches in length, passes through the center
hole of a tWfr-hole cork stopper, grooved down its side, which fits
into the fritted-glass funnel. A glass air inlet tube, just passing
through the second hole of the stopper, connects when necessary
to the 2-liter filtering flask filled with glass wool.

The stem of the fritted-glass funnel fits into a cylindrical funnel
through a one-hole cork stopper also slotted down the side. Any
lubricant on the stopcock must be removed. The stem of the
cylindrical separatory funnel is cut to about 1 inch and tapered
down to about 5 mm. outside diameter-the diameter of the
pycnometer arms.

A piece of Tygon tubing in which a plug of qualitative filter
paper is inserted connects the funnel to the pycnometer. The
plug is made by rolling up, fairly tightly, a piece of filter paper
about 0.75 inch square and folding it once. Use a new plug for
each determination. The paper plug removes any water droplets
that may be suspended in the solution passing into the pycnom
eter.

Pycnometer Calibration. Fill the pycnometer with potassium
dichromate-sulfuric acid cleaning solution and allow to stand for
about an hour. Pour out the cleaning solution and wash the
pycnometer thoroughly with distilled water. Rinse it three to
four times with C.P. acetone and dry by suction, connecting the
center arm of the pycnometer to the suction source. Dip the
pycnometer in a beaker of acetone, dry carefully with a clean,
lintless cloth and weigh to the nearest 0.1 mg. using a tare. (The
bulb of a 50-ml. pipet sealed at both ends and supported by insert
ing one end into a rubber-lined metal or wooden stand makes a
suitable tare.)

Add about 150 ml. of water and 150 ml. of carbon tetrachloride
to the large separatory funnel. Stir the mixture for 15 minutes,
adjusting the stirring until the mixture is uniformly opaque.
Allow the phases to separate. Close the cylindrical funnel stop
cock, open that of the large separatory funnel and run solvent into
the fritted glass filter until it is about two thirds full.

When the carbon tetrachloride filters into the lower funnel,
open the stopcock and permit the solvent to flow into the pycnom
eter at a rate of about 5 to 10 ml. per minute until about 0.5 ml.
remains in the separatory funnel. Close the stopcock and con
tinue drawing solvent from the large separatory funnel in the
manner just described until the pycnometer arms are filled to the
top of the graduations. The side arm of the pycnometer is al
ways connected to the extraction apparatus when being filled to
avoid trapping air.

Dip the pycnometer in acetone, dry with a clean lintless cloth,
and weigh to the nearest 0.1 mg. using the tare. Place the
pycnometer in the constant temperature bath. When the level
of the solvent in the pycnometer arms becomes constant, record
the sum of the heights of the solvent in the arms, reading to the
nearest 0.5 mm.

Pour a drop of solvent out of the center arm of the pycnometer
and repeat the weighing as described above. Continue to do this
until three or four sets of readings are obtained. Empty the
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RESULTS OBTAINED

l'able I. Ilesults Oil S]'nthetic Samples
Type Oil Oil Added. Mg. Oil Found, Mg, Reeo,'ery. %

SAE No. 10 31.5 31.3 99
33.0 32.0 97
62.6 63.3 101
74.0 74.0 100
~.7 N.3 %

109.0 105.0 96
205.5 192.0 94

Axerage recovery 97.5

of the solvent in the pycnometer is less than that read off the
curve, the blank is negative and is subtracted from subsequent
weights read off the curve. However, with C.P. carbon tetra
chloride, the blanks from one batch to another should be small.

Calculations. The oil content of the sample is calculated by
means of the following equation:

• _ 6 (W. ± B - WI)
OIl, p.p.m. - 10 X V (1.59/d _ 1)

where

d assumed value for the density of the waste oil
V = volume of sample taken for analysis, milliliters
W, weight of carbon tetrachloride plus oil in the pycnometer,

grams
W 2 weight of carbon tetrachloride from the calibration

curve, grams
B blank correction, grams

neport oil content of the sample to the nearest part per million.

24.0 113
44.2 102
63.7 102
90.1 94

194.7 97
205.6 91
A Ycrage recovery 99.8

25.4 88
59.0 104
84.0 100
81.2 88

!l5.0 104
118.0 84
184.7 92
Average recovery 94.3

25.0 100
26.8 73
39.0 77
48.7 77
73.0 91

Average recovery 83.6

25.0
36.9
51.0
63.2
80.1

21.2
43.4
62.5
95.6

2000
226.4

29.0
57.0
84.0
92.0

110.2
140.2
200.8

Kerosine (initial
boiling point
330° F.)

Separator oil

Gasoljne (initial
boiling point
100° F.)

The method has been tried on samples prepared by shaking
known amounts of oil with tap water and on a large number of
refinery effluent samples. Table I shows typical results obtained
with an SAE 10 oil, oil reclaimed from separators, a kerosine, and
a gasoline.

The recovery of the SAE 10 and separator oil is good-97.5
and 99.8%, respectively. Kerosine recovery is satisfactory, while
that for gasoline is some\\'hat low. Ho\\'ever, considering the
volatility of this product, the recovery is fair. A factor tending
to lower recovery of the gasoline is the difficulty met in weighing
out milligram amounts of the gasoline and transferring them to
the sample bottle. About 84% is the recovery achieved on a
regular gasoline. In waste \\'ater, the bulk of the low boiling
material \\'eathers away, so that such samples will never contain
the quantities of light material put into these synthetic samples.

Three oils, blended for American Petroleum Institute coopera
tive work on oil-in,water methods, \\'ere also used to prepare syn
thetic samples. Table II shows the results obtained with these
oils.

As is the case with other synthetic oil-in-water samples, those
made with the SAE 70 oil and the mixture of this oil \\'ith kero
sine sho\\'ed good recovery. The percentage recovery on sample
3 runs were not quite as good as for those made with samples 1
and 2, but considering the volatility of the gasoline they are satis
factory. However, if one recalls that the percentage recovery on
a straight-run gasoline was 83.6% (Table I), better recovery on
this sample is believed possible. This was verified by the coop-

pycnometer. Repeat the filling, weighing, and bath immersion
steps until a total of six to eight sets of readings are obtained.

Calculate the weight of carbon tetrachloride in the pycnometer
by subtracting the weight of the empty pycnometer. Plot the
weight of solvent against, the corresponding sum of the heights of
the solvent in the pycnometer arms on cartesian coordinate paper.
Draw the best straight line through the points,

Procedure. Collect the sample in a quart bottle according to
API recommended procedure (1) until the bottle is nearly full.
Make a crayon mark on the bottle to indicate sample volume.
Add 25 ml. of carbon tetrachloride to the sample, stoppel' with a
metal foil-covered cork, and shake the mixture well for about 2
minutes.

Transfer the contents of the bottle to the I-liter separatory
funnel. This can be done without lifting out the stirrer by using
a glass funnel having t\yO right-angle bends in the stem (Figure 2).
Add 3 ml. of the phosphoric acid solution and about 0.5 gram of
paper pulp (one fourth of a compressed tablet broken into small
pieces) to the sample to minimize the formation of stable emul
sions, Start stirrer and adjust motor speed so that the mixture is
uniformly opaque. "'hile the mixture is being stirred, add 20
m!. of carbon tetrachloride to the sample bottle, stopper, and
shake vigorously for 2 minutes.

Stop the stirrer after 15 minutes, and allow the two phases to
separate. Run the lower phase into the fritted-glass filter, mak
ing certain that the lower separatory funnel stopcock is closed.
Allow any emulsion in the carbon tetrachloride phase as well as a
little of the paper pulp to run into the filter. Close the stopcock.
Add the 20 ml. of solvent in the sample bottle to the large separa
tor}' iunnel and repeat the agitation of the mixture as described
above.

Meanwhile, let the first extract go through the fritted-glass
filter into the lower separatory funnel. If filtration is slow, apply
a little pressure to the solution. To do this, connect the ail' inlet
tube in the fritted-glass filter stopper to the side arm of the filter
ing flask and close the open hole with a finger. For best results,
minimize the time pressure used to push the solution through
the filter. Although it is necessary to process the carbon tetra
chloride solution out of the fritted-glass funnel before running in
the next extract, it is not necessary to have all the water accom
pany the first extract going through. If pressure is used to aid in
filtering the carbon tetrachloride solution, the pressure should be
cut off when the water layer reaches the fritted-glass surface.
Open the stopcock of the lower funnel. Adjust the flow rate so
that 3 to 5 minutes are required for all but about 0.5 ml. of the
lower phase to flow into the pycnometer.

Repeat the separation of phases and add a third 20-ml. portion
of carbon tetrachloride to the sample bottle, which is then proc
es ed through the apparatus in the same manner. When the
third extract is in the lower funnel, run enough of it into the
pycnometer to fill the latter to the desired height. The height
depends on the room temperature. If room temperature is
around 25° C" fill the pycnometer to about the middle of the
arms, If around 20° C., fill it to the bottom of the graduations,
and fill to the top of the graduations if room temperature is near
30° C. A little experience will enable an operator to fill the
pycnometer to the proper height.

When the pycnometer is filled to the desired height, there
should be a few milliliters of solvent remaining in the lower separa
tory funnel. If more carbon tetrachloride is needed to fill the
pycnometer, add 5 to 10 m!. of the water-saturated solvent to the
I-liter separatory funnel and carry it down through the extrac
ton apparatus. Agitation is not needed.

Dip the pycnometer in acetone, wipe with a lintless cloth, and
weigh to the closest 0.1 mg. using the tare. Subtract the weight
of the empty pycnometer to get the weight of the solution.
Place the pycnometer in the bath. When the level of the liquid
in the arms becomes constant, note the height in millimeters in
each arm to the nearest 0.5 mm. and add them. Read from the
calibration curve the weight of carbon tetrachloride corresponding
to this sum.

Fill the sample bottle to the crayon mark with tap water.
Pour the water into a I-liter graduated cylinder. The volume of
water in the graduated cylinder equals the volume of sample
analyzed. The original sample volume can not be measured
direetly without risking loss of oil.

Blanks. When a nCII' batch of carbon tetrachloride is used,
make a blank run exactly as described under pycnometer calibra
tion, omitting the repeated weighings and taking the weight at
only one liquid level. If the weight of the reagent is the same for
the sum of the liquid level heights as that from the calibration
curve, the new batch of solvent has no blank.

Ii the weight of new solvent in the pycnometer is greater than
that read off the curve, the blank on the new solvent batch is posi
tive and the difference between the two weights is added to all
Bubsequent weights read off the curve. Conversely, if the weight
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Average recovery 86

erative test results obtained with this method and summarized
by Headington (.n. His data show that with six independent
laboratories reporting the average recovery on sample 3 was 101 %.

Tests showed that three extractions, each of 15 minutes' dura
tion, are enough to extract the oil quantitatively from a water
sample. The first extraction removes about 75% of the oil, and
the second one removes all but traces of the rest. The third ex
traction picks up traces of oil that may still remain and washes
down any oil-bearing solvent on the sides of the fritted-glass fil
ter and lower separatory funnel. The ability of carbon tetra
chloride to extract quantitatively the oil from water samples is
also proved by Headington and coworkers in their infrared
method (11).

While this investigation was concerned with a method for de
termining the total oil content of refinery effluents, others may
wish to determine the volatile and the nonvolatile oil content.
This method can easily be adapted for this purpose.

After determining the total oil, the pycnometer contents are
poured into a weighed beaker. The solvent is evaporated on a
steam plate and the residue dried to constant weight. The weight
of oil in the beaker is the nonvolatile oil. The difference between
this value and the total oil content is the volatile oil present.

Of course, the nonvolatile oil is not all oil, but may include other
material suspended or dissolved in the water that is partially or
wholly extractable with carbon tetrachloride. Some refineries
are interested in an estimation of the acidic content of the ex
tracted oil. In the API distillation-extraction method (1) and
the reflux distillation-extraction method (2), the oil remaining
after evaporating the solvent is dissolved in a suitable solvent
and titrated with standard alkali. In a similar fashion, the non
volatile oil obtained above may be titrated for its acidic content.

For best results, a few precautions must be taken in cleaning
the apparatus after a determination and before starting another.
The large separatory funnel needs only rinsing with water. The
lower sepatatory funnel, after remaining solvent and water have
been poured out, should be rinsed twice with carbon tetrachloride.
It is not necessary to wipe it dry and the use of acetone to clean
it is not advisable.

56.3
59.6
60.7
61.8

103.0
105.4

Table II. Analysis of Cooperative Samples
Type Oil Oil Added, Mg. Oil Found, Mg. Recovery, %

SAE 70 18.6 16.1 87
(No. I) 49.5 47.4 96

55.7 53.6 96
110.0 99.5 90
110.0 102.5 92
112.1 115.8 102

Average recovery 94
54.5 97
56.4 95
59.1 98
61.8 100
A verage recovery 98
86.4 84
93.0 88

'is SAE 70 +
lla kerosine +
l/s gasoline
(No.3)

'I. SAE 70 +
1/. kerosine
(No.2)

A large number of refinery effluent samples were run to test
the method in routine operation. The results were compared
with values obtained on duplicate samples by the API U-tube
method (2). The work was done by a nontechnical operator and
Table III shows some of the comparison values obtained. On
the average, results by the direct extraction method are about
twice those by the U-tube method. Of course, the more volatile
material in the sample, the greater will be the difference.

Another factor that must enter into such a comparison is sam
pling. The samples for this comparative work were taken at the
same time and every effort made to get duplicate samples. Yet,
as shown in Table IV, some results can only be due to poor sam
pling.

Such data emphasize the fact that sampling must be done with
great care to obtain significant results.

Direct extraction method 2379 83 152 950
V-tube method 42 140 187+ 103

Table III. Com.parison of Results by Direct Extraction
Pycnometer Method and API V-Tube Method

Oil,P.P.M.

Tahle IV. Com.parison of Results on Apparently
Nonrepresentative Samples

Oil,P.P.M.

The fritted-glass filter is cleaned by removing the layer of pa
per pulp, rinsing twice ",-ith carbon tetrachloride, and wiping dry.
Then strong suction is applied to its stem until bubbles of air are
no longer visible on the underside of the fritted glass. The filter
is then wet with a little carbon tetrachloride. This treatment
is important in maintaining the rapid filtering characteristics of
the fritted glass. If filtration is slow, it usually means the fritted
glass is wet with water. Drying with suction will improve its
operation. Acetone should not be used to clean the filter, as it
appears to be difficult to get all the acetone out of the fritted glass
with suction.

The pycnometer is cleaned by pouring out its contents, rinsing
twice with C.P. acetone, and applying suction to the center arm
for about 2 minutes. The acetone is added from a buret or sep
aratory funnel connected to the side arm of the 'pycnometer by
means of Tygon tubing. It must be perfecj;ly~ean for the
next run. . '1""'1.

An important feature of any method for determining oil in
refinery effluents is the ease with which it can be h~ndledon a.
routine basis. A nontechnical operator working ~ith; two, ex-

49 38 46 57 52 64 43 49 28 34 148
14 9 28 14 28 42 23 42 9 19 150

Direct extraction
pycnometer method

API V-tube method

DISCUSSION

A basic advantage of the method is its applicability to samples
with volatile constituents. Several factors make this possible.

1. No heating steps are involved.
2. No suction is required; this is important because it is the

step involving the drying of the ferric hydroxide precipitate by
suction that promotes the inaccuracy of the U-tube method with
samples containing volatile constituents. It has been found that
even with relatively nonvolatile oil, some is lost if suction is
applied for 10 to 15 minutes to the precipitate on which the oil is
adsorbed.

3. In the use of pressure to force the carbon tetrachloride
through the fritted-glass filter, the compressed air strikes a thin
layer of water and not the carbon tetrachloride. This minimizes
the loss of volatile matter by the use of the compressed air.

One factor in this method is the need to assume a value for the
density of the oil; other oil-in-water methods make a similar as
sumption and an average value is not hard to obtain. The larg
est error that could result from an incorrect assumption, if 0.87
were assumed and the density was really 0.80, would be results
that are 10% too high. If 0.87 were assumed and the density
was 1.00, results would be 18% low. However, these are ex
tremes. In practice the range of density is much less. A more
realistic range would be 0.81 to 0.89.

In special cases it might be desirable to eliminate altogether
the need for making this assumption. One way to accomplish this
is to run duplicate samples by this method using carbon tetra
chloride on one sample and carbon disulfide as the solvent on the
duplicate. Thus, two equations are obtained in which the un
knowns are the density and the oil content of the sample. By
solving the two equations simultaneously, the density and oil
content are obtained. Since this scheme requires two determina
tions, it is not practical for routine work. The method assumes,
of course, that the two solvents extract the same kinds and quan
tity of substances out of the sample.
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traction units can analyze two samples in 1.5 hours of over-all
time. This figure includes the time required to clean up the
apparatus for the next determination. The operator time re
quired is about 40 minutes, which also includes cleaning time.

Nevertheless, the method is not as rapid as the U-tube method,
since the same nontechnical operator can do six determinations in
an over-all time of 2.5 hours, of which only 50 minutes is operator
time. However, results by the direct extraction method are
much more accurate.

Some samples, after standing for several days, required the
use of compressed air to force the bulk of the carbon tetrachloride
solution through the fritted glass. Duplicate samples analyzed
within a few hours of receipt gave no difficulty at all. It is
therefore recommended that samples be analyzed as soon as
possible after they are received.
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Uncombined Calcium Oxide or Hydroxide in Lime and
Silicate Products

Volumetric Determination

GUNNAR O. ASSARSSON AND JEAN M. BOKSTROM
Chemical Laboratory, Geological Survey of Sweden, Stockholm 50, Sweden

The Dlethods for the voluDletric deterDlination of uncoDlbined calciuDl oxide
and hydroxide extracted froDl liDle and silicate products by glycerol, ethylene
glycol, and acetoacetic ester have been studied. The best results are obtained
by conductoDletric titration with a strong acid. Reasonable values can also
be obtained using an indicator: Dlethyl red for glycerol and ethylene glycol
extracts and broDlophenol blue for the acetoacetic extracts. When an acceler
ator such as strontiuDl nitrate is used in the glycerol extraction, the only conven
ient Dlethod is titration with an indicator.

ONE of the most important determinations in the lime and
cement industry concerns the percentage of lime occurring

as calcium oxide or hydroxide in the products, the so-called
free or uncombined lime. Much effort has been expended in
attempts to find suitable methods for this determination. A
summary is found in modern handbooks on the lime industry (3).
In connection with some investigations on pozzuolanas the
authors required a tolerably accurate method for the determina
tion of uncombined lime, but after a scrutiny of the methods de
scribed in the literature and after some experiments it was found
that some of them are unsuitable and most of them need im
provement. Thus the first step in this investigation was to
find the conditions under which the determinations were suf
ficiently accurate and the analytical work could be best adapted.

There are two chief groups of methods. The first involves the
measlJ!rement of ignition loss (determination of calcium hydrox-

. ide) or of the heat of hydration of an anhydrous or an ignited
sample at well-defined humidification conditions. The second
group includes methods based on an extraction of the uncombined
lime with a suitable solvent. The former methods cannot be
used in the presence of kinds of pozzuolanas usually encountered
and are not discussed here.

The extraction methods are suitable only when the solvent is
sufficiently selective, completely dissolving calcium oxide or hy
droxide without decomposing hydrated silicates or aluminates.
Several solvents have been proposed and investigated. The

most acceptable are glycerol, acetoacetic ester, and ethylene
glycol. The extracted lime can ·be determined volumetrically or
gravimetrically, but in view of the difficulties encountered during
the precipitation of calcium from organic solvents, volumetric
methods have been exclusively employed.

The problems involved are of such embracing nature that it
was necessary to limit the scope of this investigation. An ex
amination of the volumetric determination of calcium oxide or
hydroxide dissolved in the solvents has now been undertaken,
while the actual extraction methods for pozzuolanas must be
treated separately.

REAGENTS AND APPARATUS

The titration solutions used in the experiments described
were:

Hydrochloric acid (aqueous solution), 1 ml. equivalent to
10 mg. of calcium oxide.

Sulfuric acid (ethyl alcohol solution), 1 ml. equivalent to
10 mg. of calcium oxide.

Benzoic acid (ethyl alcohol solution), 1 mg. equivalent to
1 mg. of calcium oxide.

Ammonium acetate (ethyl alcohol solution), 1 ml. equivalent to
2 mg. of calcium oxide.

These solutions were calibrated in aqueous solution according
to standard methods-that is, they were not standardized by
carrying out a control titration of a known amount of calcium
oxide under the conditions of the determinations. Usually a
microburet was used for the acids.
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Table I. Elllley-Lerch-Bogue-Dennis Method"
Calcium Oxide. Mg.

Weighed Recovered %
41.5 39.4 95
~.1 09 %
44.4 41.5 93
~.9 0.9 %

" Titration of calcium oxide dissolved in glycerol-ethyl alcohol in the
presence of 2 grams of strontium nitrate; titration solution ammonium
acetate in ethyl alcohol; indicator, phenolphthalein. '

error in the obtained values, however, seems to be constant; it
cannot be due to impurities in the chemicals used, which are of
analytical reagent standard and which give correct values in
determinations performed in other ways. The error must arise
from the failure of the theoretical end point of the reaction of
calcium glycerate and calcium acetate to coincide with the color
change of red-violet to colorless under the given conditions. The
ammonium acetate solution could be calibrated by carrying out
control experiments with known amounts of calcium oxide.

In order to obtain correctvaluesthetitrationsmustbeperformed
under identical experimental conditions, such as the concentra
tion of calcium oxide in the extract and the proportion of ethyl
alcohol-glycerol, so that the method is thus a purely empirical
one. This method would be more useful if another indicator
were used, if boiling of the solutions could be avoided during the
titration by cooling down the extracts to room temperature, and
if another titration solution could be substituted for the am
monium acetate.

OTHER METHODS BASED ON GLYCEROL EXTRACTION

The other methods employing glycerol as extraction solvent
differ from Emley's original method in the use of acids for the
titrations instead of ammonium acetate. Rathke (11) and
Schindler (12) used tartaric acid and Bessey used (1, 2) benzoic
acid, both acids in ethyl alcohol solution with phenolphthalein as
indicator. It is, of course, possible to extract the calcium oxide
or hydroxide with or without accelerator, and the titrations can
be performed at room temperature. They can be determined by
other methods (pH and conductivity measurements). Since a
decomposition of calcium silicate, aluminates, or their hydrates in
the sample could be brought about by an excess of the titration
liquid, the residue must be filtered off after the extraction.

Extraction with Accelerator. Samples used for testing the
method were 0.030 to 0.050 gram of calcium oxide. The extrac
tion mixture consisted of 2 grams of strontium nitrate, 20 m( of
glycerol, 30 m!. of ethyl alcohol; 105 m!. of ethyl alcohol
was used for washing and diluting the extract afterwards. The
indicators used were the mixed indicator phenolphthalein-naph
tholphthalein as described by Schlapfer-Bukowski (13), and
methyl red.

The pH curves (Figure 1) show that the potential between the
antimony and the calomel electrode is lowered successively with
increasing amounts of acid. The curves are shaped as a double

Error,
%

+ 2
3
2
1
4
1
6
6

-25
-20

Glycerol-Ethyl Alcohol Extraction with
Strontiulll Nitrate Accelerator"

Indi- Calcium Oxide, Mg.
cator Present Found

Mb 31.8 32.5"
M 62.4 60.3 e

M 40.1 39.3 e

M 50.0 49.3 e

M 38.1 36.4'
M 49.2 48.6d
M 61.6 57.7"
M 46.4 43.4"
Df 33.0 24.9"
D 36.4 29.2"

Acid

Table II.

HCl
HCl
HCl
HCl
H,SO.
HCl
HCl
HCl
HCl
Benzoic

acid
" Glycerol-ethyl alcohol ratio of 1 to 4 (volume).
b Methyl red.
e With comparison solution.
d With comparison solution and addition of calcium chloride.
6 Without comparison solution.
I Mixed indicator.

The concentrations of the indicators used were:
Methyl red, 1%.
Mixed indicaoor of equal parts of 1% phenolphthalein and

1.5% naphtholphthalein.
Bromophenol blue, 1%.
The titrations were followed by two physicochemical methods:

conductometric titration and titration under measurements of
the potential difference between the solution and an antimony
electrode.

The electrical conductivity of the solution was measured with
the aid of a commercial resistance instrument (Philoscop). The
measuring instrument was used together with a frequency
modulator for very high resistances. The resistance determina
tion was accurate within about 1% of the measured value, which
was sufficiently accurate for the purpose. No thermostat for
regulation of the temperature of the reaction liquid was used.
As the conductivities of the different solutions varied over a
considerable range, it was found necessary to employ three
resistance cells with constants 1.2, 2.5, and 3.5 reciprocal obms.
The resistance measured (reciprocal of the conductivity) is
plotted in the lower half of Figures 1, 2, and 3.

For the measurement of the potential difference between the
antimony electrode and tbe solutions a saturated calomel elec
trode was used as reference electrode. The potential difference
was converted into normal pH values and is referred to here
after as pH. Glass electrodes as well as a hydrogen electrode
[palladium (10) I were also tried, but they became poisoned
rapidly by the organic solvents used. The antimony electrode,
on the other hand, retained its correct potential during a titration
under the conditions involved. Before it was used it was cleaned
by gentle polishing with fine emery paper. If absolute values
are required, the surface must be kept clean-e.g., by rotating
brushes-but for this investigation this was not necessary. As
the proportion between the solvents in the reaction mixture
cannot be kept constant, an accuracy greater than ±0.02 volt
has no significance. The calomel electrode was connected with
the solution to be titrated by an agar-agar saturated p'Jtdssium
chloride siphon.

The reaction mLxture was thoroughly stirred by a mechanical
stirrer. A magnetic stirrer cannot be used because of the in
fluence of its electromagnetic field on the high-frequency current
in the conductivity measurements and on the pH measurement
instrument and its antimony-calomel electrodes. 'With certain
indicators no sharp change of color was obtained, and when this
was the case the color w'ts compared with that of a reference
solution.

EMLEY METHOD, DENNIS MODIFICATION

The uncombined calcium oxide or hydroxide is extracted with a
boiling mixture of glycerol and ethyl alcohol and the boiling
solution is titrated with ammonium acetate, using phenolphtha
lein as indicator. Since the first publication of the method (6)
some modifications have been described (1, 2, 8, 9). One of the
inconveniences of the method is that the rate of extraction of the
calcium oxide is very slow and that of the calcium hydroxide is
still slower. To avoid this, Brandenburg (4) recommended the
addition of an acid-base neutral salt (barium chloride), which by
ion exchange could form a more suitable glycerate. Dennis (5)
investigated a large number of such possible accelerators and
considered strontium nitrate to give the best results. Accurate
values can be obtained by this method only if the experimental
conditions are ideal, which is often not the case.

The procedure was carried out in accordance with the direc
tions of Lerch and Bogue (8) and Dennis (5), except that the
ammonium acetate solution was standardized by analysis, and
was not titrated against calcium oxide under the experimental
conditions. Some values from the titrations are listed in Table 1.

The method has some disadvantages: The solution must be
boiled to remove the ammonia; the change of color of the indica
tor is dependent on the temperature of the solution and fading
also occurs as the end point is approached; the ammonium ace
tate must be added successively with controlled boiling for some
minutes between the portions added; and the values are at least
5 to 6% too low. The method.has some advantages: The ex
traction of calcium oxide is fairly rapid and it is not always neces
sary to remove the extracted residue.

It is not possible to have an independent control of the method
in any way other than a repeating of the determination. The
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Table III. Glycerol-Ethyl Alcohol Extraction without
Accelerator

+3
+1
-5

32.5
26.0
36.0

32.9
45.3
20.8
14 2
25.9
19.8
34.0

Calcium Oxide. Mg_.~~--c--o-
Titration with Conductometric

Indicator Titration
Error, Error,

Found % Found %
- 5 34.4 1

o
-32
-32
-18
-22
-11

T

Indi-
cator Present

Ma 34.7
Ma 45.3
Db 30.8
Db 2lJ.~

Db 31.5
Db 25.6
Db 38.0

Acid

HCI
H2S0.
HCI
HCI
HCI
HCI
Benzoic

Acid

8

a Methyl red.
b l\1ixed indicator.

&-
pH

The conductivity measurement curves are of two types (Figure
1). Hydrochloric acid gives a curve, having two branches, and
showing a conductivity increasing with increasing acid added.
The break between the branches is distinct and corresponds ex
actly with the end point (Table III). The sulfuric acid lowers
the conductivity because of the low solubilityof the calciumsulfate
formed. When the neutralization point is passed, the conductivity
increases rapidly. The end point of the reaction appears as a
very sharp peak on the conductivity curve, corresponding ex
actly to the calculated value. Benzoic acid, too, has a conducto
metric curve with two branches, between which the reaction end
point appears as a break. The agreement between the calculated
and the found values showed that no objections could be raised
concerning the quality of the chemicals. The indicator methyl
red also gave the best values here, while the mixed indicator and
phenolphthalein gave results which were 10 to 30% too low.

If this extraction method is
to be used, the most accurate
determination is accomplished
by a conductometric titration
with sulfuric acid. Methyl red
is the best indicator, and if the
change of color is used for find
ing the neutralization point the
most accurate procedure ap
pears to be that described
below.

A. Hydrochloric acid
B. Sulfuric acid
C. Benzoic acid
T. Calculated end point of

reaction

Figure 2. Titration
Curves of Acetoacetic
Ester-Isobutyl Alcohol

Extracts

Extract the sample for 1
hour under reflux conditions
with 50 ml. of glycerol-ethyl
alcohol mixture (ratio of 1 to
2 parts by volume) in a 100-ml.
round-bottomed flask heated
on a steam bath or in a heat
ing jacket. Cool, filter, and
wash with small portions of
ethyl alcohol. As the extrac
tion is not always complete
after 1 hour, retain the residue
for repeating the extraction.
Titrate the solution with hy
drochloric acid (1 ml. equiva
lent to 10 mg. of calcium oxide)
using a microburet and methyl
red as indicator.

To obtain the exact end point,
compare the sample solution

with a solution containing the same portions of ethyl alcohol,
glycerol, and methyl red together with 0.05 ml. of the same hydro
chloric acid. Titrate the sample solution to the same color
as the comparison solution. Then add to the comparison
liquid a calcium chloride solution containing the weight of
calcium chloride calculated to be present in the titrated solution
and having approximately the same volume as the hydrochloric
acid added. Continue the titration of the sample solution until
it is the same color as the comparison solution.

Read the volume of hydrochloric acid consumed by the sample
and correct for the 0.05 ml. in the comparison solution. The·

ml t7cid

Figure 1. Titration Curves of Glycerol Extracts
Left. Extraction with strontiultl. nitra't'e accelerator
Right. Without accelerator

A. Hydrochloric acid
B. Sulfuric acid
C. Benzoic acid
T.. Calculated end point of reaction

wave when hydrochloric and sulfuric acids are used, and the end
points of the reaction are at the passage between the two parts of
the double wave, about at the same pH measured. The double
wave is very marked, and it recurs in other experiments. The
benzoic acid gives only a slow lowering of the pH with an ex
tended single wave, and the true neutralization point is far from
the inflection point of the curve.

/2-

&-

pH

8-

The conductivity measurements gave no distinct information
concerning the neutralization point because of the large amount
of accelerator present in the solutions (Figure 1). If a more sen
sitive bridge were used for the resistance determination it would
probably be possible to find the neutralization point, but much
more rigorous control of the experimental conditions would then
be necessary.

Since the measurement of pH can also lead only to an approxi
mate result, the methods suitable for the determination are
limited to those in which the titration is carried out with an indi
cator. The results obtained with different indicators were not in
complete agreement with the results mentioned in the literature.
In Table II are recorded some of the results from these determina
tions. Only one of the indicators examined, methyl red, showed
a distinct change of color close to the theoretical end point of the
reaction when hydrochloric or sulfuric acids were used. This in
dicator can therefore be used in the determinations; it is not
sensitive to benzoic acid in the solvents used. The mixed indica
tor as well as phenolphthalein showed considerable errors with
the strong acids as well as with benzoic acid (10 to 20% too low).

Extraction without Accelerator. This method has the dis
advantage that calcium oxide or hydroxide dissolves slowly.
The substance must be treated repeatedly and the completeness
of the extraction controlled carefully, with the result that the
analysis is laborious and time-consuming. However, some
determinations were made by this method for comparison. The
titrations were performed as described above and the change of
color of the indicators was studied.

The titrationswith hydrochloric and sulfuric acids were fol
lowed by pH measurements. The same double wave curve
found earlier is observed, and the end point of the reaction of
calcium glycerate and sulfate or chloride is at the part of the
curve between the two waves (Figure 1). The titration with
benzoiclacid shows a single wave which is rather extended, and
because of this the inflection point is difficult to determine. The
end point of the reaction of calcium glycerate and benzoate, how
ever, is far from the inflection point of the curve.
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Calcium Oxide, Mg.

Table IV. Extraction with Acetoacetic Ester and Isobutyl
Alcohola

Table V. Extraction with Ethylene Glycol
Calcium Oxide, Mg.

Titration with Conductometric
Indicator Titration

Error, Error
Found % Found %'

50.9 -2 51.5 -0.6
51.8 -2 51.5-2
33.6 - 1 34.0 0
41.7 0 41.7 0
35.0 -1 35.6 +0.5

No color change b Indeterminable

51.8
52.8
34.0
41. 7
35.4
32.9

Present

Bb
Bb
B&
Bb
B&
B&

Indi
catorAcid

Titration with Conductometric
Indicator Titration

Indi- Error, Error,
Acid cator Present Found % Found %

liCI MG 35.0 33.5& - 4
HCI M" 36.7 35.6& - 3 3'6'.'8 0
H,SO, Ma 42.9 41. 6 C - 3 42.2 -1-5
HCI M" 42.1 32.9d -22
HCI D' 57.8 52.61 - 9 5'S.·0 +0:3
HCI D' 34.0 30.0 c -12 33.8 -0.6
HCI D' 36.7 35.4 0 - 3
H,SO, D' 35.1 31. 4& -10
H,SO, D' 35.5 31.8& -10 3'5.'0 -1.5
H2S0, D' 43.5 39.9 C - 8 43.8 +0.7
Benzoic D' 34.4 31.0 b -10

acid
a Metbyl red.
&Ethylene glycol extract diluted 1 to 4 with ethanol.
C Ethylene glycol extract diluted 1 to I with ethanol.
d Ethylene glycol extract diluted 1 to I with water.
e Mixed indicatnr.
1 Ethylene glypol extract diluted I to 0.5 with ethanol.
o Pure ethylene glycol.

HCI
HCI
HCI
HCI
H,SO,
Benzoic

acid
H,SO, Dc 37.3 No color change C 37.3 0

alcGo~~t.ration solution 6 m!. acetoacetic ester diluted with 100 mi. isobutyl

b Bromophenol blue.
C Mixed indicator.

EXTRACTION WITH ETHYLENE GLYCOL

Schlapfer, Bukowski, and Esenwein recommend the extraction
of calcium oxide and hydroxide with pure ethylene glycol at 75°
to 85° C., the extraction being complete after 30 minutes (13, 14).
In some of the experiments pure ethylene glycol was used but
extractions were also attempted with ethylene glycol diluted 'with
methanol, ethyl alcohol, and ethylene glycol monoethyl ether in
order to try the use of a heating jacket instead of the 75° C.
bath. When diluted ethylene glycol was used, calcium oxide, but
not calcium hydroxide, could be dissolved completely within
reasonable time. All the diluted solutions, however, showed
that the solubility of calcium glycolate has a negative temperature
coefficient.

After the extraction with pure ethylene glycol the solutions
may be filtered and diluted with one of the solvents mentioned.
Therefore, in cases wHere the sample contains calcium hydroxide,
the solvent should be pure ethylene glycol and the extraction
should be performed at about 75° C. The ethylene glycol used
in these experiments was an Eastman Kodak product labeled
"For Chemical Purposes" (9).

The pH curves for hydrochloric and sulfuric acids show the
double wave (Figure 3), earlier mentioned in connection with the
glycerol extraction. The end points of the reaction of calcium
glycolate to cWoride or sulfate are on the lower part of the
second wave. As this curve branch has a steep slope, the position
of the end point of the reaction can be determined rather ac
curately. The titration with benzoic acid gives a rather ex
tended single wave curve with the theoretical end point of the
reaction far from the inflection point of the curve.

The glycerol extracts as well as the ethylene glycol extracts
have pH titration curves containing a double wave. A brief

10·

error seldom exceeds 1% of the correct calcium oxide value. If
an accuracy of about ±3% of the calcium content is sufficient
the c.orrrection for ~he calcium chloride dissolved in the sampl~
solutiOn can be omitted. For control, repeat the extraction of
the retained residue until calcium can no longer be extracted.

8-

6-

EXTRACTION WITH ACETOACETIC ESTER AND ISOBUTYL
ALCOHOL

The instructions given by Franke (7) were followed. The
sample was placed in a flask in an electrically heated jacket and
extracted under reflux conditions for 1 hour with a mixture of
acetoacetic ester and isobutyl alcohol. The solution was cooled,
filtered, and washed with isobutyl alcohol, and the filtrate was
titrated with hydrochloric acid using bromophenol blue as indi
cator. It was observed during the investigation that the cal
cium compound of acetoacetic ester was readily deposited on the
walls of the flask during boiling. The indicator has a rather in
definite and faint color change, so that there was some difficulty in
discerning the exact end point of the reaction. In some of the
determinations ethyl alcohol was used for washing and diluting
the filtrated solutions without any disadvantage.

The pH curves for the titration with hydrochloric and sulfuric
acids show a single wave, the inflection points of which are very
near the end point of the reaction of the organic calcium com
pound with inorganic salt (Figure 2). The benzoic acid gives a
curve of very slight slope without any inflection point. The
conductometric titrations with hydrochloric and sulfuric acids
show very distinct breaks at the neutralization points quite as
was described with regard to the glycerol--ethyl alcohol extrac
tion. The benzoic acid curve has no break (Table IV).

Although the indicator bromophenol blue recommended by
Franke has an indefinite color change, the reaction end point was
normally found to be within 2% of the theoretical value. The
other indicators gave no color change.

The conductometric titration gives accurate results and takes
only a little more time than the indicator titration, especially if
the greater part of the solution is first titrated approximately
with bromophenol blue and only the final titration up to the end
point of the reaction followed by conductivity measurements.

..4. Hydrochloric acid
B, D, E, F. Sulfuric acid
C. Benzoic acid
T. Calculated end point of reaction

pH

12-

ml. O'cld-
Figure 3. Titration Curves of Ethylene Glycol

Extracts

A,'B, and C diluted with 96% ethyl alcohol; D diluted with
absolute ethyl alcohol; E pure et.hylene glycol; F diluted with
water I to 1
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investigation into the cause of this phenomenon was made. A
solution containing pure glycerol is viscous and difficult to handle,
while the ethylene glycol solutions are more suitable for experi
ments. Some titrations were therefore performed in ethylene
glycol solutions, since it was assumed that the characteristics of
the glycerol and ethylene glycol curves probably have the same
explanation. The results and the curves from these titrations
are given in Table V and Figure 3.

Two titrations were performed in pure ethylene glycol; for
one of them hydrochloric acid (aqueous solution) was used, for the
other sulfuric acid (ethyl alcohol solution) was used. These two
titrations gave the same curve; a single wave of the same shape
(only one of them is drawn in Figure 3). They contain,
however, a very slight flexure in the middle of the wave, an indi
cation of the double wave. The kind of acid and the small
amount of water and ethyl alcohol added during the titration
have no significance for the shape of the curve.

Another titration was carried out after dilution of the ethylene
glycol extract with absolute ethyl alcohol. The curve obtained
has a very marked double wave. The titration curve after dilu
tion with 96% ethyl alcohol has a double wave with a less marked
part between the two waves. The curve after dilution of the
extract with an equal part of water also shows a double wave.
The part of this curve at lower pH values has a less steep slope,
and there is a large volume of acid required between the point for
the color change of the methyl red indicator and the theoretical
end point for the reaction. This show.sthe importance of defined
experimental conditions. Similar curves containing double
waves were obtained when titrations of glycerol--ethyl alcohol
extracts were followed by measuring the pH with a glass electrode
instead of the antimony electrode.

From these experiments it can be concluded that the double
wave is caused by the dilution of the ethylene glycol solution,
which apparently involves a partial decomposition of the calcium
glycolate. However, this explanation cannot beaccepted definitely
until new experiments are conducted which do not lie within the
scope of this investigation.

The conductometric titrations gave curves similar to those de
scribed above in connection with the glycerol and acetoacetic
ester extracts. Hydrochloric and sulfuric acids gave a distinctive
end point for the reaction (Figure 3).

The indicators showed very different points for the change of
color. Methyl red gave very good values with hydrochloric or
sulfuric acid when the solutions were in pure ethylene glycol or
were diluted with ethyl alcohol; a dilution with water caused
considerable errors. The mixed indicator, which is recommended
by the authors of the original description of the method (13, 14),
showed correct values when ethylene glycol alone was the solvent,
but showed values which were 10 to 20% too low if the solution
was diluted with an equal part of ethyl alcohol. The mixed in
dicator gave an indistinct change of color with benzoic acid after
dilution with ethyl alcohol; when the extract was diluted with
water the color change was highly dependent on the proportions
in the mixture.

If this extraction method is to be used, the best results will be
achieved if pure ethylene glycol is used for the extraction and the
titration is performed conductometrically with hydrochloric or
sulfuric acid after thorough cooling and dilution of the extracts
with ethyl alcohol. It is also possible to obtain reliable values
correct within 1 to 2% of the dissolved calcium compound by us
ing methyl red as indicator in the extracts diluted with ethyl
alcohol. A correction for the calcium chloride formed during the
titration can be applied as described in connection with the titra
tion of the glycerol-ethyl alcohol extracts.

DISCUSSION OF RESULTS

A method in practical use should give sufficiently accurate re
sults, be easy to handle experimentally, and not be too time-con-

ANALYTICAL CHEMISTRY

suming. When several methods exist, their advantages and'
drawbacks must be taken into consideration from these points of
view. The greatest degree of accuracy in the calcium deter
mination which could be achieved in the experiments described
above was obtained by conductometrical titration of the ethyl
alcohol-diluted extracts. It is absolutely objective, without
errors of the kind which occur, for example, in the indicator ti
trations. The best titration fluid used is sulfuric acid in a solu
tion of ethyl or any other alcohol. The low solubility of the cal
cium sulfate formed increases the control of the end point of the
reaction of organic calcium compound with the acid added, so
that this point can be established very distinctly and the titra
tipn is very easy to perform. The titration can be applied in the
majority of cases.

In the method where the substance is extracted with glycerol in
the presence of an accelerator, the conductivity measurements
are not suitable, however. The end point of the reaction must
then be referred to the change of color of an indicator. Only a
few indicators were examined in connection with this investiga
tion, but a suitable one must be chosen carefully because its
color change is dependent on the properties of the solvents. Some
of those recommended in the literature do not meet the require
ments, particularly when water is used for the dilution. The
best indicator for the titration of the glycerol--ethyl alcohol ex
tracts containing strontium nitrate seems to be methyl red, giving
an end point very close to the theoretical one.

The extracts from the other methods can be titrated conduc
tometricallyvery rapidly and accurately, but indicators maybeubed
in these cases for approximate determinations and for following
the reactions during the titration. The pH measurements can
not generally be used for direct determinations, as they do not
give accurate values but only an orientation with regard to the
end point.

The methods described are generally easy to perform. The
extraction with glycerol without the accelerator seems to be more
difficult and more time-consuming than the others. The ex
traction in the presence of the accelerator is preferred, if it can be
shown that the accelerator does not influence the calcium silicate
hydrates or aluminates considerably. However, it would appear
to be advisable to titrate the filtered cooled extracts with a strong
acid and methyl red as indicator, instead of titrating the boiling
extract with ammonium acetate solution.
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Quantitative Determination of Isomers of O,O-Diethyl
Ethylmercaptoethyl Thiophosphate

KENNETH GARDNER AND D. F. HEATH

Pest Control, Ltd., Harston, Cambridge, England

or even that the active constituents might consist wholly of these
isomers; for the patents describing the methods of preparation
(7) contain no proof of constitution, and the isomerization may go

T HE active constituent of the insecticide Systox (3, 5, 20) is
stated to be O,O-diethyl O-ethylmercaptoethyl thiophos

phate:

Systox, however, is virtually insoluble in water (21), which is in
consistent (9) with its systemic properties (2, 11); and its toxicity
to insects and mammals (5, 17, 20, 21) was greater than the
toxicity of O,O-diethyl O-ethylmercaptoethyl thiophosphate
synthesized in these laboratories. Parathion (O,O-diethyl O-p
nitrophenyl thiophosphate) is known to isomerize to O,S-diethyl
O-p-nitrophenyl thiophosphate on heating (24), and the reaction
S P-O- ~ 0 P-S- appears to be fairly general (6, 20).
Parathion normally contains a few per cent of the S-ethyl
isomer, which is more toxic to mammals (24) than the parent
compound and is a much more potent inhibitor of cholinesterase.
Consequently, as a reliable method of analyzing parathion had
not been worked out, much of the early work on the toxicity and
cholinesterase-inhibiting power of parathion has been proved
incorrect (1, 4). By analogy it was natural to suspect that Sys
tox contained either or both of the two isomers

to completion under the reaction conditions used in manufacture.
A method for determining the various isomers of Systox was
therefore prerequisite of further work; the method should also
distinguish between the methyl and ethyl homologs, for example,
as a mixture of O,O-diethyl- and O,O-dimethyl O-p-nitrophenyl
thiophosphates was for a time distributed by one concern as para
thion (14), the name normally given only to the diethyl analog.

This paper describes the development of an analytical tech
nique for determining the insecticidal constituents of Systox on
lines which are of general application to the analysis of such mix
tures.

O,O-DIETHYL S-ETHYLMERCAPTOETHYL THIOPHOSPHATE

Preparation. Diethoxychlorophosphine oxide, (EtO)2POCI,
was prepared from phosphorus trichloride containing the radio
active isotope of phosphorus, 32p, by a modification of the method
of McCombie, Saunders, and Stacey (12). 2-Hydroxyethylethyl
sulfide, HOC2H.SC2H., was prepared by the method of Meyer (15)
from ethylene chlorohydrin and sodium mercaptide. The
fractionated product was a typical alcohol, with a sulfur content,
determined after sodium peroxide fusion, of 30.0%, against 30.2%
theoretical. This was converted to 2-mercaptoethylethyl sul
fide, HS.C2H.SC2H., by the method of Frank and Smith (8).
The -SH groups in the product after fractionation were deter
mined by iodine titration (22), and gave a titer 98% of theory.

The sodium salt of the mercaptan was reacted with diethoxy
chlorophosphine oxide in toluene at 60° C. for 1 hour.

(EtO)2POCI + NaSC2H.SC2H.-
(EtO)2PO(SC2H.SC2H.) + NaCI

The product, washed twice with water, was fractionated; 107
1l0° C. at about 0.5 mm. Twenty grams of phosphorus trichlo
ride yielded 10 grams of fractionated product. This contained
a few per cent of phosphorus compounds, extractable by water
from iso-octane, which seem to be produced by oxidation.
These were removed by dissolving in iso-octane, washing twice
with w'tter, and sucking off as much iso-octane as possible at
100° C. under I-mm. pressure. This product was used for
further work. The photometric method of Sumner (23) showed
it to contain 70% product, the remainder being iso-octane.

Proof of Structure. The product can be hydrolyzed in alkaline
solution to give a high yield of 2-mercaptoethylethyl sulfide.
Neither the O-S-diethyl O-ethylmercaptoethyl thiophosphate
nor O,O-diethyl O-ethylmercaptoethyl thiophosphate can liberate
this compound, whereas O,O-diethyl S-ethylmercaptoethyl thio
phosphate can in principle yield either 2-mercapto- or 2-hydroxy
ethylethyl sulfide, according to which of the two bonds in the
P-S-C system is broken during hydrolysis. The liberation of the
mercapto compound is t):ms positive proof of structure, and
incidentally shows which bond is broken. The test was SO

designed that ethyl mercaptan (ethanethiol) could be. deter
mined also, were it liberated, as this similarly would indicate the
presence of the O-S diethyl O-ethylmercaptoethyl thiophosphate.
The purity of the product was also tested chromatographically.

Liberation and Determination of Mercaptans. A weighed
sample, approximately 1 gram, was hydrolyzed in 100 ml. of
IN sodium hydroxide overnight. The hydrolysis rate is rapid,
0.81 (OH-) Il).in. -1 at 25° C., but was slowed somewhat in this
instance by the presence of iso-octane, which provided a second
phase in which O,O-diethyl S-ethylmercaptoethyl thiophosphate

EtS"", /'0
/

p - OC2H.SC2H.
EtO .

O,S-DiethyIO-ethylmercapto
ethyl thiophosphate

EtO"", /'0
;p - SC2H.SC2H.

EtO/

O,O-Diethyl S-ethylmercapto
ethyl thiophosphate

Pure O,O-diethyl O-ethyhnercaptoethyl thiophos
phate (I) prepared in the laboratory showed different
physical and toxicological characteristics from those
of the active constituent of the insecticide Systox,
which is stated to be this compound. In view of the
fact that many compounds of the S P-o type
e.g., parathion-are known to be thermally unstable,
it was presumed that the discrepancies were due to
partial isomerization of the commercial product.
Concurrent partition chromatography of a mixture
of radioactive preparations (32P) of pure O,O-diethyl
O-ethylmercaptoethyl thiophosphate and O,O-di
ethyl S-ethylmercaptoethyl thiophosphate (II),
with the active ingredient isolated from Systox dem
onstrates the presence of both I and II in Systox.
It is also shown that I isomerizes to II on heating.
A chromatographic method of analysis is described
for determination of the two active ingredients in
O,O-diethyl (O,S)-ethylmercaptoethyl thiophos
phate preparations. The analytical identification
technique described-concurrent partition chro
matography of the unknown sample with radioactive
components of established structure and purity
may find more general application, particularly to
preparations of the S P-O and 0 P-S- types.
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(boiling point 92 0 C. under about 0.5 mm. of mercury pressure)
yield approximately 60%; on thiophosphoryl chloride.

Proof of Structure. The product was very much less soluble
in water, by a factor of about 100, than O,O-diethyl S-ethyl
mercaptoethyl thiophosphate. The S-ethyl isomer is likely to
have physical properties similar to O,O-diethyl S-ethylmercapto
ethyl thiophosphate, especially as regards solubility in water.
An infrared spectrograph showed absorption in the wave-length
band expected for P=S.

Chromatographic Test of Purity. A partition chromatogram,
performed as above, showed only one major band, with a small
subsidiary band, corresponding to about 5% of the total phos
phorus, which was due to O,o-diethyl S-ethylmercaptoethyl thio
phosphate. The chromatogram is reproduced in Figure 2.
All the evidence therefore pointed to the product of Reaction 2
being O,O-diethyl O-ethylmercaptoethyl thiophosphate.

Isomerization of O,O-Diethyl O-Ethylmercaptoethyl Thiophos
phate. It appeared likely that O,o-diethyl O-ethylmercapto
ethyl thiophosphate would isomerize on heating. When some
O,O-diethyl O-ethylmercaptoethyl thiophosphate was heated to
1300 to 1450 C. for 2.5 hours, and the product was hydrolyzed, it
was found by the methods described earlier, that high boiling
point mercaptan equivalent to 68% of the original sample was
liberated, but no ethyl mercaptan could be detected. Only 78%
of the sample after heating and prior to hydrolysis could be ex
tracted from water by iso-octane, so under these conditions other
reactions besides isomerization must occur. The production of
high boiling-point mercaptan is not in itself a proof of the isomeri
zation of O,O-diethyl O-ethylmercaptoethyl thiophosphate to
O,O-diethyl S-ethylmercaptoethyl thiophosphate, as it may have
been formed after the thermal decomposition of the parent sub- .
stance. It was therefore necessary to confirm the result by some
other method.

At this stage of the investigation a suitable method of chroma
tographic analysis had not been devised. A heated sample of
O,O-diethyl O-ethylmercaptoethyl thiophosphate was therefore
subjected to a sequence of successive partitioning (10) between
iso-octane and 90% methanol-l0% water (by volume), the parti
tion ratios of the radioactive phosphorus being determined
after each extraction. If only one compound is present, all the
ratios will be the same; if two or more of different partition co
efficients are present, the observed over-all partition ratios will
change in a systematic fashion. From the changes observed, the
quantities and partition coefficients of the individual compounds
present can be estimated by arithmetical trial and error.

It was found that the partition ratios observed could be ac
counted for on the assumption that two compounds were present,
29.2% with an iso-octane-aqueous methanol partition ratio of

7060o 20 40
ML. ELUTED

Figure 1. ChroIllatograIll of O-O-Diethyl S
EthylIllercaptoethyl Thiophosphate

is markedly more soluble than in IN sodium hydroxide. The
solution was acidified to about pH 3 with concentrated hydro
chloric acid and extracted three times with 30 m\. of chloroform.
Any mercaptans liberated by hydrolysis were now in chloroform
solution. This was carefully fractionated, and the first 10 ml.
collected in methanol. As ethyl mercaptan is much mor~ vol~

tile than chloroform, any ethyl mercaptan would app.e~r m t~lS
fraction while any 2-mercaptoethylethyl sulfide,bOlhng pomt
188 0 C.; would remain in the residue. The residue was further
concentrated to 10 ml.
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It was shown in a preliminary experiment that less than 5% of
the 2-mercapto-compound would evaporate in this process.
The -S-H groups in the distillate and residue were then de
termined by the iodometric method described by Siggia (22), with
the modification that sufficient acetone-free methanol was intro
duced to homogenize the two-phase system produced by running
standard iodine into chloroform. This modification was shown
not to affect the results with pure thiol.

The distillate contained no mercaptan, but the residue con
tained high boiling point mercaptan equivalent to 94% of the
thiophosphate present in the original sample. The discrepancy
of 6% is doubtless partly accounted for by some evaporation
during the concentration of the chloroform residues, but may also
indicate that the S-C bond is ruptured to some extent during
the hydrolysis.

Chromatographic Test of Purity. A small quantity of product
in iso-octane was subjected to partition chromatography, using
methanol-isn-octane (18) on kieselguhr (13). The iso-octane
eluent was assayed for radioactivity in a Geiger-Muller liquid
counting tube with the usual electronic high tension ond scalar
setup. All the phosphorus appeared in one sharp band, with no
sign that more than one compound was present. The chromato
gram is reproduced in Figure 1.

These tests, therefore, proved the compound to be O,O-diethyl
S-ethylmercaptoethyl thiophosphate.

O,O-DIETHYL O-ETHYLMERCAPTOETHYL THIOPHOSPHATE

This was prepared from thiophosphoryl chloride containing
3"p by the reactions:

PSCla + 2NaOEt -~ (EtOhPSCI + 2NaCI (1)

(EtO)"PSCI + NaOC"H,SC"H.---+
(EtO)"PS(OC"H,SC"H,) + NaCI (2)

The second reaction was performed by refluxing in xylene for 4
hours. After two water washings the product was fractionated:
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(b)

Circ. 2000 p.p.m.
Misc.

Approx 15 0

Very large
0.161 (18 0 C.)

0.85 min. (25 0 C.

0.101 (18 0 C.)

550 min. (82.3 0 C.)

Very low
Misc.

Very large
Very large
1. 63 (18° C.)

1. 08 (18 0 C.)

IN HCl

Solubility in water
Solubility in methanol
Partition ratios

Iso-octane-water
Chloroform-water
Cyclohexane-90%

MeOH, 10% H 20
v./v.

Iso-octane-90%
MeOH, 10% H 20
v./v.

Half life
IN NaOH

Table II. Properties of O,O-Diethyl O-Ethylmercapto
ethyl Thiophosphate (a) and O,O-Diethyl S-Ethylmer

captoethyl Thiophosphate (b)
(al

evidence that the radioactive and nonradioactive compounds
were the same.

Experimental. A column was prepared from 20 grams of
kieselguhr (Hyflo Super-eel, Johns-Manville & Co., Artillery
Row, London E. 13) mixed with 12 ml. of methanol, packed in
1.2-cm. tubing according to the method of Martin (16). Stand
ard solutions of radioactive O,O-diethyl S-ethylmercaptoethyl
thiophosphate, O,O-diethyl O-ethylmercaptoethyl thiophosphate,
and the constituents of Systox freed from wetting agent were pre
pared in iso-octane, and mixed in known proportions. Then 1
ml. of the composite iso-octane solution was placed on the
column. This aliquot contained 1.16 mg. of radioactive (,0
diethyl S-ethylmercaptoethyl thiophosphate, 0.26 mg. of radio
active O,O-diethyl O-ethylmercaptoethyl thiophosphate, and
extracts from 20.36 mg. Systox. The last contained phosphorus
equivalent to 48% O,O-diethyl O-ethylmercaptoethyl thiophos
phate according to the authors' analysis, against the 5.0% stated
on the label.

75 min. (25 0 C. in
50% EtOH)

330 min. (84.5° C.
in 50% EtOH)

a The partition ratio of O,O-diethyl S-ethylmercaptoethyl thiopbosphate
between iso-octane and water proved difficult to measure, because the com
pound in the aqueous layer tended to stick to the vessel. Values ranging
from 8 to 20 have been obtained by radiotracer assay. the lower values
being found for very dilute solutions. It is probable that the partition
coefficient is highly sensitive to concentration.

Tanle I. Partition Ratios for Heated O,O-Diethyl 0
Ethylmercaptoethyl Thiophosphate between Aqueous

Methanol and Iso-octane
Partition Ratio, Iso-octane-Methanol

1.06, and 70.8% with one of 0.101. These compare with 1.08
and 0.101 determined independently for O,O-diethyl O-ethyl
mercaptoethyl thiophosphate and O,O-diethyl S-ethylmercapto
ethyl thiophosphate, respectively. The small difference between
1.08 and 1.06 is not significant, as the O,O-diethyl O-ethylmer
captoethyl thiophosphate coefficient is highly sensitive to the
proportion of water used in the meth<tnol, and it is difficult to keep
this precisely constant during the numerous transfers.

It is therefore established that O,O-diethyl O-ethylmercapto
ethyl thiophosphate on heating is converted substantially to 0,0
diethyl S-ethylmercaptoethyl thiophosphate. The errors in the
observed partition coefficients should not exceed 2.5%. Some of
the calculated values differ from the observed ones by more than
this, and in a systematic fashion, suggesting that a small propor
tion of the activity, not exceeding 5%, is present in other com
pounds.

Expe.rimentaI. A sample of pure radioactive O,O-diethyl 0
ethylmercaptoethyl thiophosphate was heated to 1250 to 1300 C.
for 3 hours. The product was dissolved in iso-octane, and the iso
octane extracted successively with an equal volume of 90%
methanol-10% water (v./v.) mixture. The 32p count in both
layers was determined as before after each extraction. The first
methanol extract was similarly extracted with iso-octane. The
observed partition ratios, and those calculated for a mixture
of 29.2% O,O-diethyl O-ethylmercaptoethyl thiophosphate and
70.8% O,O-diethyl S-ethylmercaptoethyl thiophosphate, are
compared in Table L The percentages and the iso-octane
aqueous methanol partition ratio of 1.06 for O,O-diethyl 0
ethylmercaptoethyl thiophosphate were chosen as best fitting the
observed results.

PHYSICOCHEMICAL PROPERTIES OF O,O-DIETHYL O-ETHYL
MERCAPTOETHYL AND O,O-DIETHYL S-ETHYLMERCAPTO

ETHYL THIOPHOSPHATE

Some typical physicochemical properties of the compounds were
determined to aid later identification and in a search for methods
of analysis. They are given in Table II.

No. of
Extract

I
2
3
4
5
6

Iso-octane Extracted with First Methanol Extract
90 MeOH/IO H20 v./v. Extracted with Iso-octane

Obsd. Calcd. Obsd. Calcd.

0.274 0.274 4.94 4.96
0.593 0.629 6.11 6.34
0.92 0.94 7.47 7.55
1.03 1.04 8.05 8.47

8.85 9.10
9.39 9.44
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Figure 3. ChromatograIl1 of Systox Plus Radioactive
O-O-Diethyl O-Ethylmercaptoethyl Thiophosphate and

O-O-Diethyl S-Ethylmercaptoethyl Thiophosphate

Total phosphorus and radioactive phosphorus were determined
in 3-ml. eluent fractions. The errors on the former were about
±1.5% and of the latter less than ±3% (1000 counts total) ex
cept near the feet of the peaks, where the errors were greater, as
the quantities were too small for accurate analysis. The chroma
togram is reproduced in Figure 3. The concentration units are
arbitrary, for it has been arranged that the radioactive and total
phosphorus bands are of equal height at the points of highest con
centration to bring out the similarities most clearly.

Interpretation of Chromatogram. The phosphorus recovered

PROOF OF CONSTITUTION OF SYSTOX

To show that the active ingredients of Systox are O,O-diethyl
S-ethylmercaptoethyl thiophosphate and O,O-diethyl O-ethyl
mercaptoethyl thiophosphate, pure radioactive samples of 0,0
diethyl S-ethylmercaptoethyl thiophosphate and O,O-diethyl 0
ethylmercaptoethyl thiophosphate were chromatographed on Ii
kieselguhr methanol-iso-octane column concurrently with a sample
of the active ingredients of Systox separated from wetting agent.
The radioactive phosphorus and total phosphorus in the eluent
fractions were estimated. The method of separation from wetting
agent and the method of estimating total phosphorus are given in
detail below. As the quantities of the radioactive samples placed
on the column were much smaller than the Systox sample, the
total phosphorus was used to estimate the latter and the radio
activity the former. Two chromatograms were thus run simul
taneously on the same column, and the identity in shape and
position of the total phosphorus and radiophosphorus bands was
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from the column totaled 1.27 mg., while 1.34 mg. were intro
duced. The peaks occur in the same position, and their shape is
in fairly good agreement, especially for 'O,O-diethyl O-ethyl
mercaptoethyl thiophosphate. In both bands the S2p falls off
faster than the total phosphorus, owing to traces of impurity in
the commercial product. This agreement is strong evidence,
but not proof, that Systox is predominantly O,O-diethyl O-ethyl
mercaptoethyl thiophosphate and O,o-diethyl S-ethylmercapto
ethyl thiophosphate. The solubilities of isomers containing
P-S-C bonding are likely to be very similar, so that the chroma
tograph may not distinguish between O,O-diethyl S-ethylmer
captoethyl thiophosphate and the O-S-diethyl O-ethylmercapto
ethyl thiophosphate. The substitution of methyl for ethyl
groups changes the solubility heavily in favor of the polar phase,
so, while a single chromatogram is not sufficient to prove the ab
sence of the S-ethyl isomer, it is sufficient to show that the radio
active and commercial compounds do not differ in any other way.
The subsidiary band appearing only on the total phosphorus
chromatogram may be due to other such compounds, but the
small proportion of total phosphorus this band represents sug
gests that it is due to an impurity accidental from the method of
manufacture.

In the study of partition coefficients of Systox between several
pairs of solvents, no pair suitable for partition chromatography
was found dissimilar enough from methanol-iso-octane to lend
any hope that the radioactive and nonradioactive peaks would
be separated, even were they of different compounds. Further
evidence had therefore to be adduced from other sources. The
Bayer patents (7) associated with Systox describe reactions
which are formally identical with those used by the authors to pro
duce O,O-diethyl S-ethylmercaptoethyl thiophosphate and 0,0
diethyl O-ethylmercaptoethyl thiophosphate, which have been
shown to produce the stated products. This, combined with the
chromatographic findings above, establishes with reasonable cer
tainty the constitution of the insecticide.

ANALYSIS OF O,O-DIETHYL S-ETHYLMERCAPTOETHYL AND
O,O-DIETHYL O-ETHYLMERCAPTOETHYL THIOPHOSPHATE

The analysis may be performed by a slight modification of the
chromatographic technique, used for the identification of the
phosphorus-containing compounds in Systox. The active ingre
dients are first separated from wetting agent and chromato
gramed, and the eluent fractions analyzed for phosphorus.

Separation from Wetting Agent. The active ingredients of
B8169 could be extracted by three extractions with isopropyl
ether, the active compounds appearing, virtually free of wetting
agent, in the ether. Systox samples cannot be separated in this
way, but may be treated as follows:

Dilute with 10 volumes of water, shake the sample with 30
volumes of iso-octane, and centrifuge. Remove the iso-octane
with a pipet, and extract successively with five more 30-volume
quantities of iso-octane. Evaporate the iso-octane under
vacuum to a volume suitable for chromatography. The iso
octane extract seems to be free of wetting agent. This stage
is omitted when the material to be analyzed contains no wetting
agent or other additive.

Chromatographic Analysis. Pack a column of 1.2-cm. diam
eter with 20 grams of kieselguhr mixed with 12 ml. of methanol
under iso-octane. Run with iso-octane approximately 4/.
saturated with methanol only. If the iso-octane is fully satu
rated, methanol tends to be squeezed from the column, and the
bands are not so clear. Figure 3 shows that, for an approximate
analysis, it is necessary to take only three fractions: one to
contain the O,O-diethyl O-ethylmercaptoethyl thiophosphate,
one between the bands to check the procedure, and a large final
fraction. If an accurate analysis is required, it is necessary
to take several eluent fractions on the descending side of the
O,O-diethyl S-ethylmercaptoethyl thiophosphate band, to obtain
separation from the minor ingredients which follow O,O-diethyl
S-ethylmercaptoethyl thiophosphate through the column. The
eluent fractions should be concentrated carefully to about 10
mI. and treated as below before proceeding to the analysis for
phosphorus (l9, 23).

ANALYTICAL CHEMISTRY

Method of Estimating Fractions. REAGENTS. Bromine
water; sulfuric acid, 7.5N; hydrogen peroxide, 100 volume;
saturated sulfur dioxide water; ammonium molybdate, 66 grams
per liter; ferrous sulfate, 5 grams of ferrous sulfate heptahydrate
plus 1 ml. of 7.5N sulfuric acid to 50 mI., freshly prepared.

To the eluent fraction add 3 to 4 ml. of bromine water and 5
mi. of 7.5N sulfuric acid. Remove the iso-octane by careful
evaporation on the hot plate, adding bromine water dropwise
to maintain an excess. Continue the evaporation until fumes
of sulfuric acid appear, cool, and add 2 to 3 drops of hydrogen
peroxide to destroy any organic matter. Boil to decompose
most of the hydrogen peroxide. Cool, dilute with water to
about 10 mI., add a few drops of sulfur dioxide water, and boil
to remove excess sulfur dioxide. Transfer the cooled solution
to a standard 50-mi. flask, dilute to 40 mI., and add 5 ml. of
ammonium molybdate with shaking, followed by 4 mi. <)f ferrous
sulfate. After shaking, make up the solution to 50 mI., and
measure absorption against a reagent blank on a spectrophotom
eter at 720 m",. (A potassium dihydrogen phosphate calibra
tion curve showed only slight deviation from linearity up to
80y of phosphorus in 50 ml.)

DISCUSSION

The isomers of O,O-diethyl (O,S)-ethylmercaptoethyl thio
phosphate have been separated and determined using partition
chromatography. This type of technique is very useful for the
analysis of preparations of the S P-O- type, which are often
thermally unstable and therefore extremely difficult to prepare in
a state of high purity.

In particular, the technique of concurrent partition chromatog
raphy of the "unknown" sample with radioactive compounds of
established structure and purity may find more genera.l application
in the identification of isomers of the S=P-0- and o=p-S
types.

Discussion. In analyses on commercial products Bayer 8169
and Systox were found to contain approximately 15% 0,0
diethyl O-ethylmercaptoethyl thiophosphate, 15% O,O-diethyl
S-ethylmercaptoethyl thiophosphate, and 18% O,O-diethyl 0
ethylmercaptoethyl thiophosphate, 30% O,O-diethyl S-ethylmer
captoethyl thiophosphate, respectively. The presence of such
high proportions of O,O-diethyl S-ethylmercaptoethyl thiophos
phate, which is about ten times more toxic to mammals (20)
and insects (17) than O,O-diethyl O-ethylmercaptoethyl thio
phosphate, adequately explains the insecticidal and toxicologi
cal properties of these formulations.
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Determination of Zinc with Special Reference to
Separation from Cobalt and Copper

A. E. MARTIN

Division of Soils, Plant and Soils Laboratory,
Commonwealth Scientific and Industrial Research Organization, Brisbane, Australia

The extraction of zinc fro:m citrate solutions at pH
5 to 10 with di-2-naphthylthiocarbazone and sodiu:m
diethyldithiocarba:mate is described. At pH 9.8
negligible a:mounts of zinc are extractable with
sodiu:m diethyldithiocarba:mate. In presence of
both reagents, zinc is extracted practically entirely
in the for:m of zinc di-2-naphthylthiocarbazone fro:m
pH 7 to 9.5. Extraction of copper as the co:mplex
of di-2-naphthylthiocarbazone or sodiu:m diethyl
dithiocarba:mate fro:m pH 1 to 10 showed irregulari
ties which were considered due to nonattain:ment
of' equilibriu:m conditions. Extraction of cobalt
with di-2-naphthylthiocarbazone and sodiu:m di-

T HIS work was undertaken as part of a project designed to
investigate the status of zinc in black soils on the Darling

Downs, Queensland, as for some time certain pasture species have
been showing symptoms characteristic of zinc deficiency (1).
An essential prerequisite of this program was the development
of a reliable method for the determination of total zinc in soils,
based on a wet digestion procedure employing a sulfuric-perchloric
acid mixture.

Colorimetric methods for zinc are usually based on dithizone
(Dz) and more recently on di-2-naphthylthiocarbazone (Dn)
(5, 2.0), despite the fact that many other transition metals inter
fere. Turbidimetric methods using diethyldithiocarbamate (2)
or ferrocyanide (4) show a greater lack of specificity. The use
of the dropping mercury electrode affords the most specific
and sensitive method for zinc over a wide range of concentrations.
With careful choice of the basal solution most interferences can
be eliminated. This is a great advantage when concentration
of metals as dithizone or di-2-naphthylthiocarbazone complexes
into organic solvents is undertaken, a procedure which is known
to be only weakly selective.

Cobalt is the most serious interference in the polarographic
determination of zinc, since the half-wave potentials of these two
metals are too close to permit accurate wave-height measurements.
Although Prajzler (18) found that zinc could be determined
polarographically in the presence of nickel, cobalt, and manganese
by using a nearly saturated solution of ammonium oxalate as
supporting electrolyte, trials conducted during the present study
showed that the wave form was ill defined and difficult to measure
with precision. Further work indicated that basal solutions com
posed of potassium citrate (acid or alkaline) plus fuchsin, neutral

ethyldithiocarba:mate de:monstrated that equilib
riu:m is attained very slowly with this :metal. The
use of sodiu:m diethyldithiocarha:mate is unneces
sary in preventing the interference of copper and
cobalt in the esti:mation of zinc. The i:mplications
of these findings are discussed and a tentative
:method for deter:mining zinc in dilute digests con
taining sulfuric aeid is described. Satisfactory
recoveries of zinc (97 to 102%) can be effected fro:m
citrate solutions at pH 9.8 in the presence of copper,
cobalt, iron, phosphate, and titaniu:m and in CO:m
binations of these in concentrations lil.ely to be
encountered in soils.

barium chloride plus gelatin, neutral calcium chloride plus methyl
red, or the basal solution employed by Walkley (22) were un
satisfactory with regard to the successful resolution of the zinc
and cobalt waves. In other respects, Walkley's solution is satis
factory as good separation of the zinc and nickel waves can be
obtained.

Furthermore, both zinc and cobalt are extracted from am
moniacal citrate solutions with either dithizone or di-2-naphthyl
thiocarbazone. Cobalt must therefore be separated chemically
from zinc before the final polarographic determination. This
is particularly important in analyses of soils or rocks in which
the content of cobalt may be of the same order as the zinc con
tent. [Kidson, Askew, and Dixon (12) report a range of 0.3
to 41 p.p.m. in New Zealand soils.] The ratio of zinc to cobalt
in plants is normally large enough to preclude great errors in
wave-height measurements.

Holland and Ritchie (8) and Cowling and Miller (7) described
procedures in which zinc could be determined in the presence of
a number of other transition metals by the use of diethyldithio
carbamate (De) combined with dithizone. Cholak, Hubbard,
and Burkey (5) modified the method of Cowling and Miller by
employing di-2-naphthylthiocarbazone, which gives 100% re
covery of zinc at pH 9 to 10 in a single extraction compared with
70 to 90% using dithizone. Quantitative extraction at high pH
is important in the removal of zinc from silica (22).

However, the results of Cholak et al. for extraction of the zinc
dithizone complex exaggerate this difference, probably because of
the high concentration of citrate present (0.286M) in the solutions.
The data of Walkley (21) refer to recoveries from 0.05M citrate
solutions, a concentration more usually employed. A further
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tained traces of zinc, but this could probably be removed by re
peated extraction of the aqueous solution with chloroform.

Interpolated values from Cholak's curve give E = 44,160. It
appears, therefore, that the synthetic specimen represents the
purest that can be obtained by ordinary purification methods.
Cooper and Kofron (6) have obtained larger yields of di-2
naphthylthiocarbazone by the use of dry ice and acetone in
the final stages of purification with but little increase in E. How
ever, from results obtained by a modified reversion technique
it is suggested the true value of E is about 67,000.

In most of the succeeding trials, the di-2-naphthylthiocarb
azone samples employed were purified by the method of Hub
bard and Scott (9) by reprecipitation from chloroform solution
with absolute ethyl alcohol at 50 C. An improved method of
purification, analogous to that commonly used for dithizone,
was employed in the later stages of this work. Extinction data
were obtained on a crude sample of di-2-naphthylthiocarbazone
by spectrophotometric measurement at 650 m!" as described
above, and its purity was calculated.

REAGENTS

All reagents, including distilled water, were purified by re
distillation in borosilicate glass apparatus or recrystallization.
All solutions were stored in borosilicate glass stoppered reagent
bottles with covers. Dip pipets were employed throughout for
reagent transfer.

Ammonium Hydroxide, approximately ION. Scrubbed cylin
der ammonia was passed into 750 mi. of cold redistilled water in a
flask surrounded by cracked ice until the volume of the solution
reached 1000 m!. The final solution was standardized by titra
tion before use.

Citrate Solutions, pH 1 to 10. Five grams of citric acid were
dissolved in about 350 m!. of water containing 10 m!. of con
centrated sulfuric acid. Ammonium hydroxide, ION, was added
with stirring until the pH recorded was within 0.05 of the desired
value. The solution was then cooled and diluted to 500 m!.
Before use, each solution was extracted with di-2-naphthylthio
carbazone in chloroform until metal free, excess reagent removed
with pure chloroform, and the last drop of solvent allowed to
evaporate.

Chloroform was redistilled and stored in the refrigerator with
addition of 1% absolute ethyl alcoho!. Chloroform was recovered
from residues by the method of Bambach and Burkey (3).

Standard Metal Solutions. Working standards containing
lOy of zinc per milliliter were prepared from a more concen
trated solution of zinc sulfate containing 22 grams of zinc sulfate
heptahydrate per liter of 0.5 v./v. sulfuric acid. The zinc con
tent of this solution was checked gravimetrically as zinc pyro
phosphate. Standards for cobalt and copper were obtained by
dilution of solutions containing accurately weighed quantities of
the metal sulfates.

Basal Solution (O.IM ammonium chloride, 0.02M potassium
thiocyanate, containing 0.0002% methyl red). This solution was
prepared as described by Walkley (21).

Sodium Diethyldithiocarbamate. Aqueous solutions of con
venient strength were made by dissolving the required quantity of
Merck Pro Analysi reagent in distilled water, filtering, and dilut
ing to volume. Reagent solutions were stored at 50 C~ when not
in use and discarded after 2 days.

Di-,2-naphthylthiocarbazone. Synthesis of this compound, as
described by Hubbard and Scott (9), is tedious, and the com
mercial product may be very impure. One proprietary sample
proved only 18% pure; this caused low recoveries of zinc for
some time before detection. Spectrophotometric determinations
were made on three samples in chloroform solution using a Beck
man spectrophotometer and I-em. eel!. The absorption curve
produced in each case was similar to that given by Cholak
et al. with an absorption maximum at 650 m!'. Table I gives
values for the molar absorptivity (E) and purity, assuming the
sample prepared in this laboratory was 100% pure.

Commercial
Purified commercial
Synthetic specimen

Purity,
%

18.5
95.1

100.0

8,440
40,300
45,690

Spectra of Di-2-Naphthylthiocarbazone
Solutions in Chloroform.

Concen
tration.

Mg./Liter

10.0
10.0
10.8

Sample

Table I.

EXPERIMENTAL

It was recognized that the concentration of citrate recom
mended by Cholak et al. was five to six times greater than that
employed by Walkley. Marston and Dewey (14) have demon
strated in the case of cobalt that increasing citrate concentra
tion markedly diminishes recovery, and Walkley (23) has ob
served a similar effect with regard to zinc. Preliminary experi
ments supported this conclusion. The final concentration of
citrate was therefore limited to 1% as citric acid (0.048M).

In the recovery of zinc from the organic phase the procedure
was further modified by omitting the washing of the di-2-naph
thylthiocarbazone layer with water in order to reduce manipula
tions. Evaporation of the final hydrochloric acid layer dis
closed small amounts of ammonium citrate which had been en
trained in the chloroform phase; this was likely to occur in re
duced quantities even after one water washing. This residue
must vary in amount and thus cause variation in diffusion
current. It was decided to submit the residue to wet oxidation
with a nitric-sulfuric-perchloric acid mixture followed by ignition
at 3000 to 3500 C. to remove the last traces of sulfuric acid.
In this way the final zinc residue was obtained free from ammo
nium salts and traces of carbon arising from citric acid.

The final procedure was envisaged as involving a wet digestion
of the soil sample, the diluted digest containing 2 m!. of concen
trated sulfuric acid. In all recovery trials, therefore. this
quantity of acid was present in a total volume of 100 mi.

Considerable difficulty was experienced at first in getting agree
ment between duplicates. This was caused partly by insufficient
attention to the complete cleaning of glassware but also by the
presence of traces of diethyldithiocarbamate in the final solution.
Diethyldithiocarbamate appears to give a marked catalytic
hydrogen wave starting in the region of -1.0 volt. Treatment of
the evaporated chloroform solutions with the acid mixture was
found to eliminate any of these traces, provided the digestion was
slow and even. To offset possible contamination, the concen
tration of diethyldithiocarbamate employed was reduced to
one tenth of that recommended by Cholak et al. Diethyldithio
carbamate and its immediate deeomposition product were found
to be fairly resistant to wet oxidation; one sample also con-

advantage of di-2-naphthylthiocarbazone is shown by its apparent
insensitivity to ferric iron at high pH. Dithizone is partially
oxidized by Fe(III) in alkaline citrate solutions according to
Sandell (19), although it is claimed that hydroxylamine removes
this effect by reduction of the carbodiazone.

The data of Cholak et al. indicate that interference by copper,
mercury, lead, bismuth, and cobalt can be eliminated in the final
zinc estimation. The extent to which cobalt can oe removed is
not clear from their results, although one polarogram obtained
in their investigation failed to show the presence of this metal
in the final solution. In view of the importance of suppressing
cobalt and the possibility that a clean separation of copper could
be obtained (enabling its separate determination) their results
were examined in more detai!.

As far as interference by cobalt and copper with recovery of
zinc is concerned, the use of diethyldithiocarbamate and di-2
naphthylthiocarbazone together is based on the following con
siderations:

The di-2-naphthylthiocarbazone complex of zinc is formed
in preference to the diethyldithiocarbamate complex and is
unstable to dilute acid, the zinc appearing completely in the aque
ous layer.

The complexes of cobalt and copper with diethyldithiocar
bamate are formed in preference to those with di-2-naphthyl
thiocarbazone.

The complexes of cobalt and copper with diethyldithiocar
bamate (but not necessarily those of di-2-naphthylthiocarbazone)
are stable towards dilute acid.
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Figure 1. Extractability of Zinc with Di-2
naphthylthiocarbazone (Dn) and Diethyl

dithiocarbarnate (De) at Various pH Values

acid and 50-y of zinc, were extracted for 1 minute with 10-ml.
portions of a solution of di-2-naphthylthiocarbazone in chloro
form (200% theoretical excess). The organic layer was removed
and each solution extracted with two 10-ml. portions of chloro
form to remove excess reagent. In another series, extraction of
the colorless zinc diethyldithiocarbamate complex at different
pH values was carried out by a similar method, except that 5 mg.
of diethyldithiocarbamate were present in the aqueous layer
and pure chloroform was employed as extractant, using three
separate 5-ml. portions of solvent and shaking each for 1 minute.

The combined di-2-naphthylthiocarbazone extracts were
collected in beakers, evaporated to dryness, and submitted to wet
oxidation with nitric-sulfuric-perchloric acid mixture before
ignition at 350° O. The residue was treated with 1 ml. of basal
solution and diffusion currents were measured. In the diethyl
dithiocarbamate series the extracts from each solution were
combined and diluted to 25 ml., and zinc was determined in 10
ml. aliquots after oxidation and ignition. The aqueous citrate
solutions from each series were removed from the funnels and
their pH values determined with the glass electrode at 25° O.

Figure 1 shows the relation between pH and extractability of
zinc. The di-2-naphthylthiocarbazone (Dn) curve is similar
to that observed by Oholak et al., except that recoveries in the
region of pH 10 dropped significantly below 100% in spite of the
lower citrate concentration employed. Further, recoveries at
pH 6 to 7 were higher than those reported by these authors.
OWoroform solutions of di-2-naphthylthiocarbazone impart a
pink tinge to O.IM citrate solutions at pH 10.8; the lowered
recoveries at pH 10 may therefore be due to a significant increase
in the solubility of the reagent in the aqueous phase at these high
alkalinities. Oholak et al. found recovery of zinc unimpaired
between pH 8.2 and 10.5. In the diethyldithiocarbamate series
it is seen that quantitative extraction occurs within the narrow
range of pH 6 to 9 while at pH 9.8 (the extraction pH suggested
by Cholak et al.) extraction of zinc as the diethyldithiocarbamate
complex is negligible.
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A weighed amount of the crude compound containing the
required _quantity of pure compound was dissolved in 8 to 10
ml. of 5% ethanolic potassium hydroxide in a 50-ml. beaker.
The deep red solution was transferred to a 1000-ml. separatory
funnel containing 500 ml. double-distilled water. The beaker
was washed two or three times with ethyl alcohol and the wash
ings added to the funnel. The solution, which appeared col
loidal at this stage, was extracted several times with carbon
tetrachloride to remove oxidation products and traces of heavy
metals until the solvent layer became only faintly colored. The
solution was then stripped of excess carbon tetrachloride with
two 5-ml. portions of chloroform, acidified with purified 0.5N
hydrocWoric acid, and the precipitated di-2-naphthylthio
carbazone extracted into the required quantity of redistilled
chloroform. The organic layer was then washed once with
redistilled water and filtered through a dry ll-cm. Whatman
No. 41 fluted filter paper into a reagent bottle.

Provided the chloroform is freshly distilled after standing over
calcium oxide and anhydrous calcium chloride and that it con
tains 1% by volume of absolute ethyl alcohol, di-2-naphthyl
thiocarbazone solutions are stable for some weeks in a refriger
ator without any apparent change. The use of cWoroform
which has stood at room temperature or in diffuse light, even in
the presence of ethyl alcohol, results in rapid deterioration.

CLEANING OF GLASSWARE

All glassware used in the procedures was of borosilicate glass.
Separatory funnels of 125-ml. capacity, with all but 0.5 inch of
the lower stem removed, were completely dismantled, cleaned
thorougWy to remove all traces of grease, and immersed over
night in chromic-sulfuric acid mixture. After thorough rinsing
with hot water the components were steeped in 2N nitric acid,
washed thoroughly with distilled water, and dried in an oven.
After cooling and reassembly, each funnel was rinsed once with
purified 0.5N hydrochloric acid and twice with redistilled water.

All other glassware was subjected to the same treatment.
When in continuous use, rinsing with hydrochloric acid and
redistilled water was found satisfactory before each day's deter
minations.

APPARATUS

Nearly all the polarographic data recorded were 0 btained by
means of a Oambridge Voltamoscope. All measurements were
undertaken in a constant temperature room at 25° O. Dis
solved oxygen was removed by commercial nitrogen which was
purified by passing the gas through O.IM vanadous sulfate
solution. The use of this reagent, described by Meites and
Meites (16), provides a more convenient method than alkaline
pyrogallol for deoxygenation.

Oalibration of the dropping electrode in the range 5 to 300-y
of zinc per milliliter of basal solution gave a mean value of
iDIc of 8.208 p.a. per millimole per liter (standard error = 0.066)
at 25° O. The electrode characteristics were: t = 3.08 seconds,
m'/3t1 / 6 = 2.176 mg."/3 sec. -1/. on open circuit.

EXTRACTION OF ZINC FROM CITRATE SOLUTIONS

Purified 100-ml. volumes of 0.048M citrate solutions, at differ
ent pH values and containing 2 m!. of concentrated sulfuric

RECOVERY OF ZINC IN PRESENCE OF BOTH REAGENTS

This series represents a combination of the two extraction
techniques. Each citrate solution contained 5 mg. of diethyl
dithiocarbamate and 50-y of zinc; extraction was carried out by
shaking with 10 ml. of the cWoroform solution of di-2-naphthyl
thiocarbazone (200% theoretical excess) for 1 minute.

After separation of the phases, 1 ml. of solvent layer from each
funnel was pipetted into a 50-ml. graduated flask and diluted to
the mark with cWoroform. Transmittances were recorded
photometrically employing a 2-cm. cell and an Ilford No. 605
filter (Emax. = 550 mp.), and were compared with a standard
curve. Further 5-ml. aliquots of the solvent layers containing
the extracted zinc were evaporated, digested, and polarized as
previously described. The final pH value of each aqueous layer
was also recorded.

The standard absorption curve for zinc di-2-naphthylthio
carbazone was prepared as follows. Twenty-five milliliters of
di-2-naphthylthiocarbazone solution were used to extract a
citrate solution at pH 8.0 containing a threefold excess of zinc.
The red organic layer was transferred to another funnel, washed
three times with redistilled water, and filtered through a dry
No. 41 Whatman filter paper into a clean beaker. Suitable
volumes of this solution were transferred to a set of lO-ml.
stoppered measuring cylinders and diluted to the 10-ml. mark
with original di-2-naphthylthiocarbazone solution. Each solu
tion was mixed thoroughly, 1 m!. withdrawn for photometric
reading after dilution to 50 ml., and a further 5 ml. taken for
polarographic zinc determination. A standard curve relating
light absorbance with zinc content was then prepared. The
same solution was used for the standard curve and the extraction
of zinc in presence of diethyldithiocarbamate so that the photo
metric readings are directly comparable with the polarographic
data.

Table II gives details of the recoveries of zinc extracted in
both forms. Errors in the colorimetric determination are likely
to be high because of the large dilution factor and the shallow
slope of the calibration curve. Nevertheless it is apparent that
from pH 8.5 to 10.0 zinc is present in the extract wholly as the
di-2-naphthylthiocarbazone complex. It is noteworthy that in
the range pH 6 to 7 extraction of the zinc complex is enhanced
by the presence of diethyldithiocarbamate (compare Table II
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and Figure 1). Later work confirmed this effect (which was
variable but consistently positive) and demonstrated qualita
tively that the proportion of zinc present as the di-2-naphthylthio
carbazone increased with time of contact with aqueous citrate
solutions at about pH 6. It is possible that the extractability
curve in Figure 1 for the complex does not represent true equilib
rium and that in the presence of both reagents, diethyldithio
carbamate affords a bridge whereby zinc, extracted mainly as
zinc diethyldithiocarbamate into the cWoroform phase, partici
pates in an exchange reaction in which the metal is transferred to
the di-2-naphthylthiocarbazone molecule.

RECOVERY OF COPPER IN PRESENCE OF DlETHYLDITHIO
CARBAMATE AND OF DI-2-NAPHTHYLTHIOCARBAZONE

The procedure followed closely that described for zinc.
Twenty micrograms of copper were added to the citrate solutions;
2 mg. of diethyldithiocarbamate only were added in one series
to give a comparable excess of this reagent; in the other series a
200% excess of di-2-naphthylthiocarbazone was employed.
Mter evaporation and oxidation of the extracts the copper resi
dues, in presence of traces of sulfuric acid, were diluted and trans
ferred to 25-ml. stoppered measuring cylinders. Copper was
estimated as the diethyldithiocarbamate complex in ammoniacal
solution; the complex was shaken into 10 m!. of 3-methyl-1
butanol (isoamyl alcohol) before absorptiometric measurement
at 430 m!' (Ilford No. 601 filter, 2-cm. cell). Copper estimations
were evaluated from a standard curve.

plexes, the measurement of the proportion of each by a method
similar to that employed for zinc would be difficult.

RECOVERY OF COBALT IN PRESENCE OF DlETHYLDITHIO
CARBAMATE AND OF DI_2-NAPHTHYLTHIOCARBAZONE

Twenty micrograms of cobalt were extracted from citrate
solutions into di-2-naphthylthiocarbazone and the extracted
metal was determined by a modified method of Pickering and
described by Piper (17). Recoveries after I-minute shaking
were low at pH values from 5 to 8, rising to 67% at pH 9 and 10.

A further series of recoveries at pH 10.0 using a mechanical
shaker for increasing periods, showed that a time factor is in
volved in the extraction of cobalt similar to that observed by
Marston and Dewey (14) for dithizone. Recovery of 20y of
cobalt reached 85% in 5 minutes and was virtually complete
beyond 30 minutes.

Table II. Extraction of Zinc from Citrate Solutions in
Presence of Both Diethyldithiocarbamate (De) and Di

2-naphthylthiocarbazone (Dn)
Fraction of

Zinc Total Zinc
Final Total Zinc Extracted as Extracted as
pH Extracted, 'Y. ZnDn" 'Y b ZnDn,

5.09 2.4 3.6
5.60 23.3 7.2 0.31
6.16 104.0 19.2 0.18
6.98 95.6 50.4 0.53
7.53 99.6 72.0 0.72
7.91 100.8 80.0 0.80
8.53 105.2 98.4 0.93
8.99 Not determined 100.0
9.51 100.4 100.0 1.00
9.95 90.8 96.8 1.07 e

pH

O~~-~-'"'"------'------""----'---'
I 2 3 4 5 6 7 8 9 10

Figure 2. Extractability of Copper with Di-2-naphthyl
thiocarbazone (Dn) and Diethyldithiocarbamate (De) at

Various pH Values

• Determined polarographically.
b Determined calorimetrically.
C High value associated with limitations to accuracy of colorimetrie

determination .

The extraction of cobalt by the two reagents separately at
three pH values was investigated, using a shaking period of 2
hours; the solutions were contained in stoppered reagent bottles.
At pH 9 to 10 complete reeovery of cobalt (20oy) was obtained
with di-2-naphthylthiocarbazone but only 20 to 30% with di
ethyldithiocarbamate; recoveries were rather variable but it
appears that the cobalt complex of the former may be prefer
entially formed at pH 9 to 10. However, qualitative tests per
formed on citrate solutions at pH 9.8 containing 50 oy of cobalt, in
the presence and absence of diethyldithiocarbamate showed that
the latter markedly depresses the reddish purple color imparted
to the organic phase.

This observation, which qualitatively confirms those of Cholak
et al., confliets with the tentative conclusion reached from pre
ceding results that the di-2-naphthylthiocarbazone complex is
more stable. The possibility of exehange reactions oceurring
within the organic phase, discussed above in connection with the
extraction of zinc, must not be overlooked and seems likely to
be facilitated by entrainment of aqueous phase in the chloroform
layer.

STABILITY OF COBALT AND COPPER COMPLEXES OF BOTH
REAGENTS TO DILUTE ACID

Twenty milligrams of di-2-naphthylthiocarbazone (.
44,000, approx.) were dissolved in about 80 m!. of chloroform
and shaken with previously purified citrate solution at pH 8.5
containing 2000y cobalt or copper. The organic phase was
removed and washed three times with redistilled water. then
filtered through a dry Whatman No. 41 paper into a dry 100-m!.
flask, and diluted to the mark with chloroform.

Two-hundred-microgram quantities of cobalt or copper in
100 m!. of previously purified citrate solution at pH 8.5 contain
ing 2.7 mg. of diethyldithiocarbamate (200% theoretical excess)
were shaken with chloroform, which was washed, filtered, and di
luted to 100 ml. as before.

Ten-milliliter portions of the chloroform solution of each com
plex were shaken with 50 m!. of purified dilute hydrochloric acid

--A-- De

-<:>- On

100

The extraction of copper as diethyldithiocarbamate complex
at pH 1 to 5 was at first found to be low and variable. Repeated
determinations were made in this pH range under conditions
which minimized the decomposition of the complex-i.e., addition
of metal before reagent and determination of copper directly
on the chloroform extracts. The results from this series have
been incorporated into the diethyldithiocarbamate curve in
Figure 2, which shows the relation between pH and extractability
of both complexes.

The shapes of the curves suggest that true equilibrium had not
been established, particularly in the case of di-2-naphthylthio
carbazone. The position is further complicated in the case of
diethyldithiocarbamate in that other data (15) show that
it is unstable in acid solution and the rate of its decomposition is
inversely proportional to pH. The amount of copper diethyl
dithioearbamate extracted between pH 1 to 6 represents a bal
ance between rate of ehelation and decomposition of reagent, and
it is not possible to predict which complex is likely to be prefer
entially formed by comparison of the two curves. Owing to
the elose proximity of the absorbance maxima of the copper com-
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of increasing strength for 90 seconds in 125-m!. separatory fun
nels. The organic layer was removed and the acid layer stripped
of excess reagent by washing with three successive 2-m!. portions
of chloroform. The acid extracts were transferred quantita
tively to IOD-m!. glass evaporating dishes and evaporated to low
bulk on a waterbath. Copper was determined with diethyl
dithiocarbamate and cobalt with nitroso-R-salt, as previously
described. Copper and cobalt contents of the original chloro
form solutions were determined prior to the stability determina
tions.

Results are shown in Table III; they are the means of closely
agreeing duplicate determinations.

The removal of cobalt from chloroform solutions of either
complex is negligible and independent of hydrochloric acid con
centration up to l.ON. The copper complexes are more affected
by acid. The di-2-naphthylthiocarbazone complex is relatively
stable against acid concentrations up to 0.8N, but the diethyl
dithiocarbamate complex shows significant decomposition with
even 0.2N acid, although in no case did the amount of copper
extracted exceed 5%.

A further check was performed on the stability of the cobalt
complex of di-2-naphthylthiocarbazone by comparing a polaro
gram of a decomposed chloroform solution containing known
amounts of zinc and cobalt di-2-naphthylthiocarbazones with
that of the corresponding evaporated 0.2N hydrochloric acid
extract of these solutions. Figure 3 shows one pair of polaro
grams so obtained and demonstrates the very sharp cutoff of
cobalt. The recovery of zinc in this instance was unimpaired.

the advantage of analytical application to the present problem.
Further work would be needed to verify the conclusions of Cow
ling and Miller in regard to the proportions of zinc extracted as
dithizone or diethyldithiocarbamate complex. However, by
analogy with the present results it is likely that the total zinc
extracted under their conditions is unaffected, although that pres
ent as zinc dithizone is probably dependent on extraction pH.

These considerations demonstrate the danger of the indis
criminate use of the concept of competitive complex formation
in eliminating interferences. The work of Irving et al. and of
Maley and Mellor (13) have shown certain regularities in the
stability constants of the complexes of one ligand with different
metals and of those of different ligands with one meta!. Thus if,
under given conditions, di-2-naphthylthiocarbazone complexes of
a metal are more stable than those of diethyldithiocarbamate,
this property will be manifest whatever metal is employed, unless
steric hindrance or other side effects alter the value of the stability
constant-e.g., cobalt with the nitrosonaphthols (11).

The results of this investigation do not necessarily invalidate
those of Cholak et al., since these workers employed a tenfold
increase in diethyldithiocarbamate concentration. According
to the work of Irving and Williams, this would shift the pH of
50% extractability down one unit and increase the stability
constant of the diethyldithiocarbamate complex; these considera
tions would not, however, affect the subsequent behavior of the
complex towards dilute acid.

TENTATIVE METHOD FOR DETERMINATION OF ZINC IN
DILUTED DIGESTS IN PRESENCE OF COPPER AND COBALT

4 «(I') (b)

3<>

~. 2{)
po

I{)

A tentative method for the determination of zinc in acid ex
tracts has been devised. The extracts investigated corresponded
to those obtained from the digestion of soil with sulfuric acid
or from the oxidation of biological material by wet digestion.
and the method is therefore likely to have wide application.
Certain difficulties are inherent in the quantitative separation
of zinc from acid digests of soils; one of the main sources of inter
ference may be silica. Results presented below, however, show
that interference from some common micro and macro constitu
ents is likely to be small.

Recovery,
%

o
1.0
0.3
o
o

Normality
of HCI

0.19
0.39
0.58
0.78
0.97

Complex

CoDn,

CoDe, 0.19 13.8 0.05 0.3
0.39 13.8 0.0 0
1).58 13.8 0.15 1.1
0.78 13.8 0.4 2.9
0.97 13.8 0.0 0

CuDn, 0.19 34.8 0.35 1.0
0.39 34.8 0.0 0
0.58 34.8 0.35 1.0
0.78 34.8 0.6 1.7
0.97 34.8 1.4 4.0

CuDe, 0.19 22.5 1.0 4.4
0.39 22.5 0.85 3.8
0.58 22.5 0.6 2.7
0.78 22.5 0.75 3.3
0.97 22.5 1.1 4.2

Table III. Stability of Di-2-naphthylthiocarbazone (On)
and Diethyldithiocarbamate (De) Complexes of Cobalt

and Copper to Dilute Hydrochloric Acid
Metal Metal

Added as Recovered
Complex, in HCI,

'Y 'Y

15.1 0.0
15.1 0.15
15.1 0.05
15.1 0.0
15.1 0.0

CONCLUSIONS

It is apparent that the use of diethyldithiocarbamate is super
fluous in the prevention of interference by cobalt and copper in
the determination of zinc. Not only is the di-2-naphthylthio
carbazone complex of zinc formed in preference to the diethyl
dithiocarbamate complex at pH 9.8, but the di-2-naphthylthio
carbazone complexes of cobalt and copper are reasonably stable
to an acid concentration up to l.ON so that they are not re
extracted along with the zinc on shaking with dilute acid. One
of the factors determining whether either of the complexes of
copper and cobalt will be preferentially formed in citrate solution
is the initial concentration of diethyldithiocarbamate since the
concentration of di-2-naphthylthiocarbazone in the aqueous phase
is likely to be small but constant because of its relative insolubility
in water. The results presented do not represent equilibrium
conditions as defined by Irving and Williams (10), but they have

-08 -~O -1·2 -~408 -to -t2 -1'4

Edc v. Hg pool, volts

Figure 3. Polarograms of Residue
Fro"" (a) di-2-naph~hylthiocarbazone(Dn) solu~ion
containing zinc and cobalt cOIDplexes of di-2-naph
thylthiocarbazone and (b) O.2N hydrochloric acid ex-

tract of this solution

Reagents. Th~ following solutions are required in addition to
those already described.

HYDROCHLORIC ACID, 0.5N. Dilute 82 ml of constant-boiling
hydrochloric acid, which has been redistilled, to 1000 mi. with
redistilled water. It is not necessary to standardize this solu
tion.

DILUTE NITRIC ACID. Dilute 150 mi. of concentrated redis
tilled nitric acid to 250 m!. with redistilled water.

DI-2-NAPHTHYLTHIOCARBAZONE REAGENT. A concentration of
250 mg. per liter (f - 45,000 at 650 m.u) in chloroform was found
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Recovery.
%

96.6
98.2
98.4
96.5
99.0
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102.0
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97.1
97.3
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95.2
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49.3
51.1
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Other Elements Present

bU:, 32 'Y
Cu, 64 'Y
Fe, 5 mg.
Fe, 50 mg.
Fe, 100 mg.
Co, 50 'Y + Cu, 50 'Y
Co, 100 'Y + Cu, 100 'Y
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CaSO., 272 mg.
CaSO., 408 mg.

50
50
50
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'Y
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50
20
20
20
50
50
50
50
50
50
50
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gestion, it is apparent that the recovery of zinc is satisfactory
in the presence of maximum amounts of possible interferences.
The recovery in the presence of calcium sulfate is variable but
higher than expected. The suspensions of calcium sulfate were
allowed to stand overnight with crystallization, and it is likely
that higher recoveries would be obtained if digests containing this
substance were extracted immediately.

RESULTS

Recoveries of Zinc from Citrate Solutions with Di-2-naphthyl
thiocarbazone. Quantities of zinc ranging from 10 to 300)' were
added to purified citrate solutions at pH 9.8. The metal was
extracted with di-2-naphthylthiocarbazone in chloroform,
removed from the solvent layer, and determined as described.
The mean recovery of zinc under these conditions was 98.8%
(standard error = 0.80).

Recoveries of Zinc in Presence of Other Substances. Several
series of recovery tests were carried out in presence of copper,
cobalt, and iron in quantities likely to be present in soils.
Further recoveries were also made in presence of iron, titanium,
and phosphorus, since it was considered likely that precipitated
iron or titanium phosphates might occlude zinc. It was found
that in the presence of 80 mg. of titanium dioxide, 10 mg. of
iron, and 10 mg. of phosphorus no precipitate was formed,
indicating that sufficient citrate was present to coordinate with
the iron and titanium.

Recoveries in presence of calcium sulfate were also attempted,
sinee many workers attribute low recoveries of trace metals to
absorption on this materia!. Recoveries in pJ:esence of calcium
sulfate were carried out by adding known amounts of zinc to
0.1 to 0.3-gram quantities of precipitated calcium 'larbonate
and submitting the suspension to a wet digestion with 2 m!.
of concentrated sulfuric acid before transferring to the funnels
for extraction. Table IV gives a summary of the results of this
series of tests.

Assuming that 1 gram of air-dried soil is employed in the di-

to be convenient for extraction of 50- to 100-)' quantities of
zinc.

AMMONIUM CITRATE. Dissolve 20 grams of recrystallized or
analytical reagent citric acid in redistilled water, add 400 m!. of
ION ammonium hydroxide, cool, and dilute to 1000 m!. This
solution has a pH value of about 10.8. Immediately before use,
transfer the required quantity of citrate solution to a 1000-m!.
separatory funnel and extract repeatedly with a solution of
di-2-naphthylthiocarbazone in chloroform until the original
color of the reagent is maintained. Fifty milliliters of ammonium
citrate solution, when diluted to 100 m!. with water containing
2 mi. of concentrated sulfuric acid, give a 0.048M solution in
citric acid with a pH of 9.8. The use of thymolsulfonephthalein
to indicate the correct final pH was not found satisfactory.

Procedure. Transfer quantitatively the solution or digest,
containing 2 m!. of concentrated sulfuric acid, to a 125-m!.
separatory funnel and dilute the solution and washings to about
50 mi. Add 50 m!. of 0.096M ammonium citrate solution (pH
10.8), mix thoroughly, and allow to coo!. Add 5 m!. of di-2-naph
thylthiocarbazone reagent, shake for 1 minute, allow the phases to
separate, and draw off the solvent layer into a second 125-m!.
funne!. Continue-extraction with the reagent until the organic
phase retains its original color on tWQ successive extractions.
Strip ~xcess reagent from the solution by extracting with 2 m!.
of chloroform and transfer the washing to the second funne!.

Add 20 m!. of 0.5N hydrochloric acid to the contents of the
second funnel and extract the zinc from the solvent layer by
shaking vigorously for 1 minute. Allow the phases to separate
and reject the lower layer. Strip the acid extract with two
successive 2-m!. portions of chloroform, again rejecting the
organic phase. Keep the chloroform extracts for subsequent
recovery of solvent.

Transfer the acid extract quantitatively to a 50-m!. tall
shaped beaker (or preferably a 50-m!. weighing bottle with an
externally ground cap), using 20 m!. of redistilled water for
transfer. Evaporate the solution to low bulk over a hot plate
and complete the evaporation to dryness on a water bath. Cool,
add 5 m!. of dilute nitric acid, and heat gently over a water
bath until the reaction subsides. Add 2 drops of concentrated
sulfuric acid and 0.5 m!. of 72% perchloric acid and evaporate
to dryness on a hot plate. \Vhen perchloric acid fumes have
disappeared, remove the last traces of sulfuric acid from the
beaker by igniting at 300 0 to 350 0 C. under an aluminum shield
in a mume furnace.

To the cooled residue in the beaker, add 1 m!. of basal solution
(O.lM ammonium chloride, 0.02M' potassium thiocyanate,
0.0002% methyl red), allow the zinc salts to dissolve, transfer
to a polarizing cell, and measure the diffusion current between
-0.8 and -1.3 volts vs. SCE.
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Methyl, Methylene, Methine Groups in Presence of Base

Determination of Creatinine with Alkaline 3,5.Dinitrobenzoate

JULIUS J. CARRl
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Utilization of alkaline soditlITl 3,5.dinitrobenzoate
for the coloriITletric deterITlination of creatinine has
been liITlited, owing to poor stability of the reaction
color. The creatinine-sodiuITl 3,5-dinitrobenzoate
reaction was therefore studied extensively for condi
tions of optiITluITl sensitivity and color stability.
Greater sensitivity with decreased stability was
obtained with progressively increasing concen
trations of sodiuITl 3,5-dinitrobenzoate or sodiuITl
hydroxide. MaxiITluITl stability was observed at
pH values up to 11.7 in 0.025M sodiuITl 3,5-dinitro
benzoate, applicable to creatinine concentrations
of the order of 1 X 10-3M. MaxiITluITl sensitivity
and ITliniITlullI stability were found at approxi
llIately 0.2M sodiullI hydroxide and 0.2M sodiullI
3,5-dinitrobenzoate, applicable to creatinine COncen
trations approxiITlating 1 X 10-sM. A llIethod
which provides a suitable cOlllprolllise between the
extrellles of instability and sensitivity has been de
veloped. With 0.025M sodiullI 3,5-dinitrobenzoate
and 0.025M sodiullI hydroxide Beer's law is obeyed
in the range 1 X 10-4 to 1 X 10-3M creatinine. The
error of the procedure is less than 1%. The llIethod
can be extended to other nucleophilic substances,
particularly ketones.

D URING an investigation of the color reaction between crea
tinine and sodium 3,5-dinitrobenzoate (NaDNB), which had

been discovered independently in 1936 by three groups of investi
gators (1, 2, 10), it became apparent that the reaction represented
a specific instance of a very general reaction involving aromatic
nitro compounds on one hand and compounds containing methyl,
methylene, or more rarely, methine groups adjacent to electro
negative groups, on the other. For the elucidation of the creati
nine-sodium 3,5-dinitrobenzoate reaction, therefore, a broader
study, designed to include the various types of compounds capa
ble of such reactions with each other, was undertaken. The pres
ent paper deals with the application of this general reaction to
the determination of creatinine. A more detailed treatment is
to be found in the author's thesis (3).

In 1886 Jaffe (9) discovered that orange to red colors are pro
duced upon the addition of creatinine to an alkaline solution of
sodium picrate. This reaction was utilized by Folin (6, 7), and
later by many others, for the quantitative estimation of creati
nine. Although the alkaline picrate solution is probably the most
sensitive known reagent for creatinine, it is not completely satis
factory. It does not meet the requirements for a system suitable
for photometric analysis. Because the absorbance of the reagent
blank approaches that of the test solution in the vicinity of the
absorption maximum (5), the wave length usually employed for
absorbance readings lies in a rather steep region near the foot of
the absorption curve. For satisfactory results, a very narrow
wave band must be employed. Even at 510 mJL, the absorbance

1 Present address, Department of Chemistry, The Mount Sinai Hospital,
New York 29, N. Y.

of the reagent itself is greater than desired. Considerable error
may result when small amounts of creatinine are to be deter
mined. The concentration of alkali is fairly critical (4)-when
higher concentrations of alkali are used, the absorbances of the
reagent blanks increase proportionately, while the absorbances of
test solutions, corrected for blank readings, decrease.

An alkaline solution of sodium 3,5-dinitrobenzoate was pro
posed as a new reagent for the determination of creatinine by
Bolliger (2), Benedict and Behre (1), and Langley and Evans (10).
Attractive features are the production of a brilliant garnet red
color in the presence of creatinine, coupled with a practically color
less solution in its absence. Unfortunately, neither the intensity
nor the hue of the developed color could be adequately stabilized.
Lehnartz (11) attempted to minimize these undesirable color
changes by employing sodium acetate to lower the effective alka
linity due to sodium hydroxide. Although Lehnartz reports
that by means of his modified technique the absorbance remains
constant over a period of 28 minutes, the present author observed
a regular decrease in absorbance of the order of 2% per minute
during the first 30 minutes, when the procedure outlined by
Lehnartz was followed.

In view of the potehtial application of this reaction to the
analysis of a wide variety of carbonyl compounds, particularly
aldehydes and ketones, it was decided to investigate the nature
of the color or colors produced and to determine the most suita
ble set of conditions for the quantitative determination of creati
nine. Essentially the same factors are responsible for the pro
duction of initial and secondary colors with creatinine and with
other carbonyl compounds, when alkaline 3,5-dinitrobenzoate
is used as the reagent.

COLORS PRODUCED BY MIXTURES OF SODIUM 3,5-DlNITRO
BENZOATE AND CREATININE WITH SODIUM HYDROXIDE

The rates of development and of fading of the initial violet-red
color were found to vary with the concentrations of each of the
three reactants. In the following typical experiment qualitative
observations of color were made in the presence of fixed concen
trations of creatinine (0.007M) and 3,5-dinitrobenzoate (0.007M)
while the concentration of sodium hydroxide was varied from
0.006 to 0.800M.

In the presence of low concentrations of sodium hydroxide the
typical violet-red color develops slowly, reaches a comparatively
low maximum intensity, and is reasonably stable. Upon acidifi
cation with mineral acid, these solutions become colorless.
With progressively increasing concentrations of sodium hydroxide
the initial color is deeper and develops more rapidly, but it is
correspondingly less stable and changes continuously towards
orange or Yllllow colors. At least two components appear to" be
responsible for the color of these solutions-the violet-red addi
tion produc~, which becomes colorless upon acidification, and a
yellow component which is not decolorized in acid solution. It
is apparent that the attainment of a color of suitable intensity
and stability for photometric analysis must involve a compro
mise between high concentration of sodium hydroxide, high in
tensity, and poor stability of color on one hand, and low concen
tration of sodium hydroxide, low intensity, and considerable sta-
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Figure 2. Rate of Color DevelopD1ent in Presence
of Large Excesses of SodiuD1 Dinitrobenzoate and

SodiuD1 Hydroxide
X :::r 500 DIP, ColeDlan Junior spec1:rophotolDeter, 20-ID.tn..

cuvet;tes
I. 5.0 X 10-'Mcreatinine,2.5 X 10-2MNaDNB,2.5 X 10-2M

NaOH
II. 5.0 X 10-'M creatinine, 2.5 X 10-2MNaDNB, 4.75 X 10- I M

NaOH
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ABSORBANCE

At Relatively Low pH Values. In an effort to obtain condi
tions even more favorable to color stability, the variation of
absorbance with time was studied in solutions of relatively low
pH. Although the color obtained in such solutions is red, rather
than violet red, the absorption maximum is located at the same
wave length, approximately 500 m~. All absorbance readings
were therefore taken at this wave length.

SOLUTIONS. Sodium dinitrobenzoate solution (O.lM) pre
pared by dissolving, with the aid of heat, 2.121 grams of 3,5
dinitrobenzoic acid in 100 m!. of water with an exact equivalent
of sodium bicarbonate (0.840 gram).

Creatinine solution, 0.005M (56.6 mg. per 100 m!. of solution).
Glycinate buffer mixtures, prepared by dilution of a stock buf

fer mixture (O.1OM sodium glycinate, 0.10M sodium chloride)
according to Sorensen and Walburn (8).

of curve II is considerably higher than that of curve 1. Despite
the presence of a fiftyfold excess of sodium hydroxide over creati
nine in experiment 1, further addition of sodium hydroxide re
sults in an even higher absorbance. Similar experiments, ·not
presented here, show that the same effeot is produced by increas
ing the concentration of sodium dinitrobenzoate in the presence of
a fixed concentration of sodium hydroxide. Obviously, the
reaction leading to the production of the colored addition product
is not a complete one.

700650450400 500 550 600
WAVE LENGTH, MG.

Figure 1. Absorption SpectruD1 of Creatinine-Dinitro
benzoate COD1plex

0.2

0.6

0.8

bility of color, on the other. A similar effect was observed when
varying concentrations of sodium 3,5-dinitrobenzoate were used
in the presence of fixed concentrations of sodium hydroxide and
creatinine.

ABSORPTION SPECTRUM OF ADDITION PRODUCT

In order to determine the optimum wave length for photometric
analysis of the colored addition product, conditions permitting a
sufficient degree of color stability over a reasonable period of time
were ascertained by preliminary trials and incorporated in the
following procedure.

Into each of two cuvettes there was transferred 53 mg. (0.25
millimole) of 3,5-dinitrobenzoic acid, which was then dissolved in
5 m!. of O.looM sodium hydroxide solution. To one tube
(blank) 5 m!. of water was added. To the other tube 0.5 m!. of
an O.OlM creatinine solution and 4.5 m!. of water were added.
Absorbance readings were taken at various wave lengths, begin
ning at 400 m~ 37 minutes after the reactants were mixed and
ending at 700 m~ 61 minutes after mixing.

The results, corrected for blank readings, are shown in Figure 1.
A broad maximum in the vicinity of 500 m~ is clearly evident.
Absorbance readings obtained after a shorter waiting period re
veal a maximum at a slightly higher wave length (approximately
510 m~), whereas a maximum is obtained at a slightly lower wave
length when later readings are taken. The absorbance of the
blank solution is negligible at 500 m~.

5.0 X 10-'M creatinine, 2.5 X 1O-2M NaDNB, 2.5 X 10-2M' NaOH,
ColeD1an Junior spect.ropho'torneter, 20-rnrn. cuvett:e

....vz«
'"(5 0.4
l!l«

x = 500 ID.p., BeekDlan Model DU spectrophotom.eter, glycinate buffer
1.25 X 10 -3M creatinine, 2.5 X 10-2M NaDNB
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Figure 3. Effect of pH on Absorbance of Creatinine
Dinitrobenzoate Solutions
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RATE OF COLOR DEVELOPMENT

As a reasonably stable color is required over a sufficient period,
the variation of absorbance at 500 m~ with respect to time was
studied, employing various concentrations of sodium dinitro
benzoate and sodium hydroxide.

In the first experiment, 53 mg. of 3,5-dinitrobenzoic acid, con
tained in each of two cuvettes, was dissolved in 5 m!. of 0.100M
sodium hydroxide solution, 5 m!. of water was added to the blank
tube, and 4.5 m!. of water, followed by 0.5 m!. of an O.OlM solu
tion of creatinine, was added to the other. The solutions were
mixed at once and absorbance readings of the test s91ution, cor
rected for blank readings, were taken at fixed intervals. In the
second experiment, 5 m!. of l.OOM sodium hydroxide solution
was used in place of the O.lOOM solution. .

The curves in Figure 2 show that the conditions of experiment
1 are better suited to the desired objective. Curve I is charac
terized by a fairly flat region in which the absorbance remains
reasonably constant for approximately 60 minutes. Obviously
the conditions of Experiment 2 are unsuitable. The ma.ximum
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Table I. Linearity of Absorbance-Concentration Curve

Figure 5. Linearity of Absorbance vs. Concentration
of Creatinine

2.5 X IO-2M NaDNB, 2.5 X lO-'M NaOH
1 rnicro:rnole of creatinine = 0.113 tng..

B. BeckDlaD Model DU spectrophotolDeter, "IO-lDrn. quartz cell
C. Coleman Junior speetrophotom.eter, 20-DllIlw cuvette

Error,
%

+5.3
+1.3
-0.6

0.0
-0.2
-4.4

Creatininea

Calcd. (D X 0.784),
Mg.

0.119
0.229
0.337
0.452
0.565
1.08

Coleman
Absorbance, D

0.152
0.292
0.430
0.576
0.721
1.38

C

1.2
III
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III
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2 4 6 8 10
MICROMOLES CREATININE IN 10 ML. OF SOLUTION

a Factor O. 784 is reciprocal of slope of Figure 5, C.

Creatinine in
10 Ml. Solution,

Mg.

0.113
0.226
0.339
0.452
0.566
1.131

0.1l----..l._....L_-'-----l'----'-_-'-_-'----..l._--L_-'-__-'

The results of this experiment are shown in Figure 3. For
fixed concentrations of creatinine and sodium dinitrobenzoate
both the absorbance and instability of color vary directly with
pH. Although greater sensitivity is attained at a higher pH,
more reliable determinations of creatinine can be performed at
lower pH values-for example, at or below pH 11.7 the absorb
ance remains constant after reaching a maximum value. All
colors obtained in this experiment were less stable when exposed
to air; atmospheric carbon dioxide neutralized a sufficient amount
of base to produce this effect (3).

X 0.7

::l
Z
<
CD

0 0 •5

III
<

90.3

Color was developed by mixing 1 ml. of creatinine solution, 1
ml. of sodium dinitrobenzoate solution, and 1 ml. of one of the
prepared buffer mixtures, and transferring it immediately to a
tube, measuring 2 X '/2 inch. The tube was promptly stop
pered and the absorbance of the solution was compared at suita
ble intervals in a Beckman Model DU spectrophotometer with
that of a blank prepared by substituting an equal volume of water
for the solution of creatinine.

Figure 4. Absorbance at High Concentrations of
Sodiulll Dinitrobenzoate and Sodiulll Hydroxide

h = SOO JD~, t == 28.1 0 C., BeckD1an Model DU spectrophoto:rneter,
ID-JDm.. quartz cell

0.157M NaDNB, 0.200M NaOH

At High Con!:entrations of Sodium Dinitrobenzoate and
Sodium Hydroxide. As the absorbance values for a fixed concen
tration of creatinine increased with increasing concentrations of
both sodium dinitrobenzoate and sodium hydroxide, even when
already present in very large excess, it was decided to measure the
absorbance obtainable with considerably higher concentrations
of these reagents than those already employed.

Accordingly, reaction mixtures were prepared by adding 2 ml.
of a 1.50M sodium hydroxide solution and 5 ml. of an 0.470M
sodium dinitrobenzoate solution (prepared by dissolving 10.0
grams of 3,5-dinitrobenzoic acid wIth 2.5 grams of sodium car
bonate in 100 ml. of water) to solutions containing 0.113 and
0.226 mg. (1 and 2 micromoles), respectively, of creatinine in 8
ml. of water. Absorbances were compared at 500 mJ.l against that
of a blank prepared by substituting 8 mt of water for the solu
tions of creatinine.

0.025
0.151
0.157

were added, followed by 0, 1, 2, 3, 4, and 5 ml. of an O.OOlM
solution of creatinine and 1 ml. of an O.OlM solution of creatinine,
respectively. These solutions were mixed at once and the absorb
ances of those containing creatinine were read against that
of the blank (first solution) at 500 mJ.l in a Coleman Junior spec
trophotometer in the time interval of 60 to 70 minutes after prep
aration. Absorbances of these same solutions were then com
pared at the same wave length in a Beckman Model DU spectro
photometer in 10-mm. quartz cells, during the time interval of
95 to 110 minutes.

Adherence to the Lambert-Beer law is evident from the linearity
of each absorbance-concentration curve shown in Figure 5. The
accuracy of this procedure is demonstrated in Table 1. The error
of the method does not exceed 1% when 0.25 to 0.60 mg. of creati
nine is to be determined in a final volume of 10 m!.

Table II. Apparent Molar Extinction Coefficients of
Creatinine-Sodiulll Dinitrobenzoate COIUplex

NaDNB. M NaOH, M Creatinine, M E

0.025 0.003 5.0 X 10-' 18
(pH 11.5)

0.025 5.0 X 10-' 760
0.200 6.61 X 10-' 4110 (zero time)
0.200 13.3 X 10-' 4120 (zero time)

1084 6
MINUTES

2

Log absorbance is plotted as a function of time in Figure 4.
As expected, when higher concentrations of reagents are used
with a given amount of creatinine, considerably higher absorbances
are obtained. Again, however, the rate of decomposition of the
initial product is accelerated by these same conditions. The
decomposition process is apparently first order, since the plot of
log absorbance against time is a straight line.

CONSTANCY OF ABSORBANCE-CONCENTRATION RATIO

Into each of seven tubes, measuring 2 cm. in diameter, 53 mg.
(0.25 millimole) of 3,5-dinitrobenzoic acid and 5 ml. of 0.100M
sodium hydroxide solution were introduced. After complete
solution of the nitro compound, 5, 4, 3, 2, 1,0, and 4 ml. of water

OPTIMUM CONDITIONS FOR DETERMINATION OF CREATININE

A comparison of the apparent molar extinction coefficients at
500 mJ.l, based upon the concentration of creatinine, is presented
in Table II for some of the experimental conditions described
above. Utilization of high concentrations of reagents might be
desirable when very small amounts of creatinine, of the order indi
cated at the bottom of Table II, are to be determined. Figure 4
shows that peak absorbance values are obtained very rapidly
under these conditions. The absorbance values at zero time, ob
tained by extrapolation, are proportional to the concentrations of
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creatinine tested. A determination could be completed within a
few minutes, but great care would be required, as the absorbance
values change rapidly with respect to time. Readings at two or
three exactly specified time intervals would suffice for the extra
polation of log absorbance to zero time. The creatinine content
would be obtained by comparison with a standard curve, pre
pared at the same time.

At a comparatively low pH-i.e., 11.5-conditions for color
stability are ideal. Unfortunately, owing to the very low extinc
tion at this pH, a procedure utilizing these conditions would be
applicable only to relatively high concentrations of creatinine,
such as those in urine.

As the most generally applicable procedure for the determina
tion of creatinine, intermediate conditions were selected as a suita
ble compromise between sensitivity and stability. As Figure 5
demonstrates, Beer's law is obeyed under these conditions.

after mixing, whereas maximum stability is attained at 30 to 50
minutes. At the temperature employed by Bolliger, color de
velopment is excessively slow (3). Furthermore, because the
reaction is temperature-dependent, the intensity of color will
change when the cold solution is allowed to stand at room tem
perature during the process of measuring absorbance. The pres
ent author has found that under conditions very similar to those
employed by Langley and Evans, maximum color is obtained at
7 minutes, with steadily decreasing values thereafter en. The
color is therefore unstable during the 10- to 30-minute interval
recommended by Langley and Evans for color measurement.
When the method of Lehnartz is followed, a regular decrease in
absorbance is observed. These conditions are, therefore, not
suitable for the determination of creatinine.

The practice of diluting the reaction mixture prior to measure
ment of color (1, 10, 11) is not supported by the finding that

absorbance decreases rapidly with respect
to time immediately after dilution (3).

Table III. Summary of Dinitrobenzoate Procedures for Determination of
Creatinine COMPARISON WITH JAFFE TECHNIQUE

COMPARISON WITH OTHER DINITROBENZOATE PROCEDURES

A comparison of the present method with the techniques rec
ommended by other investigators employing alkaline dinitro
benzoate for the determination of creatinine is presented in Table
III. The stability of color produceR by the Benedict-Behre
technique approximates that of the present method (3). These
authors, however, measure color intensity at 10 to 20 minutes

This method is suitable for the determination of 0.1 to 1.0 mg.
of creatinine in 10 ml. of solution. Although under these se
lected conditions absorbance readings remain'practically constant
over a period of time which is sufficient to permit accurate deter
minations, both standard and unknown solutions should be read
at nearly the same time after the addition of reagent. A stand
ard should be used with each set of determinations, as the inten
sity of developed color is sensitive to differences in temperature.

Recommended Procedure for Determination of Creatinine.
REAGE:\'TS. Sodium hydroxide solution, 0.300M, prepared from
a saturated solution of reagent grade sodium hydroxide.

Sodium 3,5-dinitrobenzoate, 0.300M, prepared by dissolving
6.36 grams of 3,5-dinitrobenzoic acid, Eastman Kodak brand
recrystallized according to Langley and Evans (10), in a final
volume of 100 mi. with the aid of 1.59 grams of reagent grade
anhydrous sodium carbonate.

Alkaline dinitrobenzoate reagent, freshly prepared, as needed,
by mixing equal volumes of each solution.

ApPARATUS. A Beckman Model DU spectrophotometer and
a Coleman Junior spectrophotometer were used for measurement
of absorbance. Other spectrophotometers or photoelectric
colorimeters capable of transmission at 500 mIL are probably satis
factory.

PROCEDURE. To 10 ml. of a neutral solution of the sample to
be analyzed 2 mi. of the alkaline dinitrobenzoate reagent are
added. A blank is prepared by adding 2 ml. of the reagent to
10 mi. of water. A comparison standard is prepared by adding 2
ml. of the reagent to 10 ml. of a standard solution containing
0.6 mg. of creatinine. After mixing, the tubes are stoppered and
allowed to stand for 1 hour, preferably in a water bath maintained
at 25° C. Absorbances of both standard and unknown solutions
are then read promptly against that of the blank, at 500 mIL.
The creatinine concentration of the unknown is obtained from the
ratio of the two absorbances.

Final Concentration of Reagent, M
PresQIlt
method

60
25

0.025
0.025
5 X 10-'

DISCUSSION

Details concerning the nature of the reactions which take place
when creatinine, sodium 3,5-dinitrobenzoate, and sodium hydrox
ide are permitted to react with each other in aqueous solution are
to be found in the author's thesis (3).

In general, aromatic nitro compounds are capable of producing
color reactions with a variety of carbonyl compounds in the pres
ence of base. Positive reactions are obtainable with mononitro
compounds only under special conditions. A red color is ob
tained, for example, upon the addition of an aqueous solution of
tetraethylammonium hydroxide to a solution of nitrobenzene in
acetone. Of the polynitro compounds, those containing nitro
groups in positions meta to each other are the most reactive.

The principal advantage of the Jaffe
reaction for the determination of crea
tinine consists in greater sensitivity, com
bined with a constancy of photometric
readings after 30 minutes. Readings
are sometimes taken at 10 or 20 minutes
after mixing, when they have not yet
attained their maximum values (4).
The apparent maximum extinction coef
ficient at 510 mIL of the creatinine pic

rate complex, based upon the concentration of creatinine, was
calculated from the data of Clark and Thompson (5) as 8600, a
considerably larger value than that obtained in the selected
dinitrobenzoate method. At high concentrations of sodium
dinitrobenzoate and sodium hydroxide, half of this value is ob
tained (Table II). Although the creatinine tpicrate complex
appears to be the more stable of the two addition products, a
sufficiently stable color is obtained by the recommended pro
cedure with dinitrobenzoate to permIt accurate and reproducible
photometric readings.

The necessity for reading the absorbance of the creatinine pic
rate complex in an unsuitable region of its absorption spectrum
and the undesirably high absorbance of the reagent blank have
been referred to. The proposed dinitrobenzoate procedure is
free from these objections. Readings are taken at the wave
length corresponding to maximum absorbance, at which the ab
sorbance of the reagent blank is negligible. The absorbances
obtained by both the alkaline picrate and the alkaline dinitro
benzoate procedures are sensitive to variations in temperature.

Both the alkaline picrate and the alkaline dinitrobenzoate
reagents are capable of reacting with a large number of nucleo
philic reagents, particularly with aldehydes and ketones. If pres
ent, these interferences usually may be removed by distilling a
portion of the solution before determination of creatinine.

Lehnartz (11)

0.0566
0.0500
App.8 X 10-'
0.40

5
Room temp.

10-30
Room temp.

Langley
Evans (10)

0.226
0.100
App. 2.5 X 10-'

15-25
App.0-5

Bolliger (2)

0.040
0.154
App.7 X 10-'

10-20
Room temp.

Benedict
Behre (1)

0.0088
0.085
App.3 X 10-'

17.8%' .

Reagent

NaDNB
NaOH
Creatinine
Sodium acetate
Ethanol

Time of reading, min.
after mixing

Temp" 0 c.
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Trinitro compounds, such as 1,3,5-trinitrobenzene, are unsuitable
because a red color appears merely upon the addition of alkali, in
the absence of other reactants. . Alkaline picrate solutions are
less deeply colored and are therefore less objectionable. Alkaline
solutions of m-dinitro compounds readily produce colors with
many carbonyl compounds, while exhibiting very little color in
the presence of base alone. As a rule, ortho-substituted nitro
compounds are less reactive than unsubstituted nitro compounds.
Multiple ortho substitution serves to inhibit the reactivity of a
nitro compound even more strongly-for example, 2,4-dinitro
mesitylene fails to produce any color in the presence of acetone
and sodium hydroxide. For aqueous systems, an alkali-soluble
m-dinitro compound, such as 3,5-dinitrobenzoic acid, is a suitable
reagent for producing color reactions. In nonaqueous systems,
m-dinitrobenzene is probably the most appropriate reagent (12).

The reaction leading to the formation of the violet-red creati
nine-dinitrobenzoate addition compound is apparently reversible.
Color stability is affected by irreversible changes which occur at
the expense of the addition compound. In this process the nitro
compound is reduced, largely to azoxy compounds, while creati
nine is oxidized to glyoxylate, oxalate, and other products.
Another type of irreversible change is produced concurrently by the
introduction of hydroxyl groups into the aromatic ring of the
addition product, resulting in destruction of the complex and the
production of nitrophenols, which are probably responsible for
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the yellow color that appears when a reaction mixture is allowed
to stand for some time.
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Colorimetric Determination of Vanadium(V) and Its
Separation from Copper

Use of Cupferron

HOBART H. WILLARD, ERNEST L. MARTIN, AND ROBERT FELTHAMI
University of New Mexico, Albuquerque, N. M.

'Ibis work was undertaken as part of a larger project on the analytical chelllistry
of vanadiulll and the use of cupferron with cOlllplexing agents. A new colori
llletric Illethod was developed based on the green color forllled by vanadiuID
cupferrate in acetone. Vanadiulll was separated frolll copper by precipitation
with cupferron at a pH less than 1. This furnishes a good colorillletric Illethod
for vanadiulll in the presence of copper and a convenient separation frOID copper.

CUPFERRON has been reported (3, 4) as a precipitating
agent for vanadium(V) and vanadium(IV) from an acid

solution. In most instances the precipitate was filtered, ignited
to the oxide, and weighed as such. A procedure has been sug
gested (1) in which the vanadium cupferrate precipitate is dis
solved in chloroform and determined by colorimetric means. It
was found in this investigation, however, that the color faded on
standing. For the determination of relatively large amounts of
vanadium this might not be serious, but for the determination of
small amounts the error was large. Among other organic solvents
tested, acetone was found to give satisfactory results. Iron.
titanium, molybdenum, tungsten, tantalum, niobium, palladium,
zirconium, antimony(III), bismuth, thallium(III), rare earths,
copper, and chromium(VI) interfered.

Cupferron was selected as the precipitating agent for vanadium,
since it was found to form a relatively stable complex. This com
plex was not as stable as those formed with iron, titanium, or
molybdenum, indicating the possibility that cupferron might

I Present address, University of Michigan, Ann Arbor, Mich.

serve the dual purpose of first removing .other elements, under
controlled conditions, and then serving as the precipitating agent
for vanadium.

APPARATUS AND MATERIALS

The absorption spectra measurements were made on a Beckman
Model B spectrophotometer. A Beckman Model H2 pH meter,
the glass electrode of which was calibrated frequently against
potassium dihydrogen phosphate buffers, was used for all pH
measurements. The colorimetric determinations were carried
out with the Evelyn photoelectric colorimeter.

A solution of ammonium vanadate was prepared, 1 m!. of which
contained 0.56 mg. of vanadium. From 1 to 25 m!. of this stock
solution was used, and the final volume of the acetone solution
of vanadium cupferrate was 100 m!. A 6% solution of cupferron
was prepared, filtered from dark, insoluble material, and stored in
a refrigerator. The acetone and acids were C.P. grade.

EXPERIMENTAL

Choice of Organic Solvent. Previous investigators' (1) used
ether or chloroform to extract the vanadium cupferrate. Most of
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the solutions in these and other solvents faded on standing. The
color produced in ethyl alcohol solution was stable, but the ab
sorption in this solution was not satisfactory.

When the vanadium cupferrate is dissolved in acetone at about
20° C. the first color produced is a yellow to brown. Within a
few minutes this slowly changes to green. At 30° to 35° C. the
change is rapid, but at 10° C. it may require several days. All
measurements reported here have been based on the intensity of
the green color. It is believed that the color measured is the re
sult of a reaction between the cupferron and the acetone, and
constitutes an indirect method for the determination of vanadium.
Therefore, it is absolutely necessary to wash the vanadium cup
ferrate precipitate free of any excess cupferron with 10% sulfuric
acid in order to assure accurate results. No difficulty has been
encountered in this respect. After the development of the color,
the temperature of the solution in the volumetric flask can be
adjusted to the temperature selected in the preparation of the
standards and the solution can be diluted to volume.

Filtration. When the cupferron precipitate was separated by
centrifugation or by use of a filtering crucible, it was impossible
to be certain that the precipitate was free of excess cupferron.
If filter paper pulp was added to the solution before precipitation
and the solution filtered through a double layer of No. 40 What
man paper, a clean filtrate was obtained which was free of
vanadium. The use of filter paper pulp facilitated the washing
of the precipitate.

Stability. No variations in the transmittance were observed
over a period of 48 hours. Data for transmittancy-wave-Iength
curves were obtained by measuring the transmittancy in a l-cm.
cell, at room temperature, against an acetone blank, over the
range from 350 to 1000 mIL (Figure 1). The curves showed a
broad band of minimum transmittancy against concentration of
vanadium at 745 mIL, and showed good conformity to Beer's law
over the range of concentrations determined (0.0056 mg. to 0.14
mg. per mi.).

350 400 500 600 700 800
WAVE LENGTH, m}l

Figure 1. Spectral Translllittance Curves for Acetone
Solutions of Vanadiulll Cupferrate

It does not appear to make any difference when the color is
allowed to develop or under what conditions. Studies have been
carried out under many different conditions and the results agree
regardless of method employed. Solutions have been held at a
temperature of 10° C. for 2 days with no tendency to develop
the green color, and the volumetric flask was then placed in a
water bath at 50° C. and the color allowed to develop. The re
sults check \vith those in which the color was developed immedi
ately. After the color change begins the reaction is complete in a
few minutes.

Effect of Concentration of Cupferron. Precipitations carried
out with different amounts of cupferron in excess did not affect
the results, since the excess was readily washed out of the precipi
tate with 10% sulfuric acid solution. The wash solutions from

. the vanadium cupferrate were tested, and washing was continued
until the absence of cupferron was assured.

pH. Other workers (4) have stated that complete precipita
tion is obtained from solutions in which the pH varied from 0 to 3.
In all this work the pH was less than 1 and complete precipitation
was obtained.

Temperature. Since cupferron solutions are not stable at
elevated temperatures (3), all precipitations were carried out at
0° to 10° C. The precipitates were filtered immediately to pre
vent any decomposition of the precipitate or of the excess cup
ferron. When this procedure was followed, a clean precipitate
was obtained. If this precipitate was allowed to remain on the
filter paper for over an hour at 38° to 43° C., there were definite
signs of decomposition, but at temperatures of 21 ° to 27° C.
this was not serious. After the precipitate was dissolved in ace
tone, temperature had no effect.

Taken Found Error

Taken Found Error

+0.1
+0.2

0.0
+0.1

0.0
-0.2

0.00
+0.02
+0.09
+0.03
+0.11
-0.02

0.00
-0.14

3.0
3.1
5.7
5.8
8.5
8.3

0.57
0.59
2.94
2.88
2.96
2.83
6.27
6.13

0.57
0.57
2.85
2.85
2.85
2.85
6.27
6.27

2.9
2.9
5.7
5.7
8.5
8.5

a. 3.2 mg. of copper were present in each determination.

Table I. Deterlllination of Vanadiulll
Vanadium(V), Mg.

PROCEDURE

The vanadium solution was diluted to 50 m!. and cooled in an
ice bath to 0° to 10° C., and the pH was lowered to less than 1.
Filter paper pulp was added along with a calculated excess of
freshly prepared 6% solution of cupferron. The pH was again
adjusted to less than 1° and the solution allowed to stand for 5
to 10 minutes in the ice bath. The solution was then filtered
through a double layer of No. 40 Whatman filter paper and
washed with 10% sulfuric acid solution until the washings showed
no test for cupferron.

A 100-ml. volumetric flask was then placed under the funnel
and acetone poured over the precipitate on the filter paper. The
filter paper was washed clean of the vanadium cupferrate and the
final volume diluted to 100 m!. This was allowed to stand for 20
to 30 minutes for the development of the color.

The results are shown in Table I. The operations should be
carried out without undue delay, especially if the room is un
usually warm, because cl.\pferrate precipitates tend to decompose
on standing.

COLORIMETRIC DETERMINATION OF VANADIUM IN THE
PRESENCE OF COPPER

In addition to precipitating vanadium from an acid solution,
cupferron causes precipitation of many metal complexes insoluble
in acids. The stability of these complexes varies widely. A
method has been developed for the separation of copper from
vanadium(V), depending upon the fact that when a salt of ethyl
enediaminetetraacetic acid (Versene) is added to a mixture of
copper(II) and vanadium(V), chelation occurs. The copper com
plex is sufficiently stable so that copper(II) will not precipitate
with cupferron, but vanadium cupferrate will precipitate quanti.
tatively. The vanadium can then be determined colorimetrically

Table II. Deterlllination of Vanadiulll(V) with Cupferron
in Presence of Coppera

Vanadium(V), Mg,

~.A"" -...,;;: t--.. ..-:;;

/ 1'-..."'- -vt- .....W-
1/ II "'-~I-/'
II '--0V
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by the method already described with an average error of ±2.5%.
The use of Versene for the separation of vanadium from chromium,
iron, and other elements will be reported later.

APPARATUS AND MATERIALS

Copper sulfate solution. A solution of copper sulfate was pre
pared containing 0.63 mg. of copper per m!.

Ethylenediaminetetraacetic acid, tetrasodium salt (Versene).
A 10% solution prepared from a 34% solution was used in these
determinations. The Versene was obtained from the Bersworth
Chemical Co.

EXPERIMENTAL

Effect of Concentration of Versene Solution on Precipitation of
Vanadium. It has been reported that vanadium precipitates in
solutions with a pH of 3 to less than 0 (1, 3, 4). In the
presence of Versene there was no precipitation of the vanadium
cupferrate until the pH was below 1.5, and at a pH of 0.5 pre
cipitation was complete.

From 2 to 20 m!. of 10% Versene solution was added to solu
tions containing 0.0255 mg. of vanadium(V) per m!. The
vanadium(V) precipitated quantitatively with cupferron even
in the presence of a large excess of Versene, and the excess could
be washed readily from the precipitate.

Effect of Versene Solution on Precipitation of Copper with
Cupferron. In solutions containing 5 m!. of the standard copper
solution and from 2 to 10 m!. of the 10% Versene solution, no

1865

precipitation of the copper was obtained by the addition of 10 m!.
of the 6% cupferron solution, even when the pH was less than 0.1.

Precipitation of Vanadium in Presence of Copper. In solutions
containing varying amounts of vanadium and copper, the precipi
tation of the vanadium was carried out at a pH less than 1.0, and
the vanadium cupferrate precipitate was first washed with a 2%
Versene solution, adjusted to a pH of 1 to 1.5, and finally washed
with 10% sulfuric acid. The results obtained for the vanadium
checked well with the work on solutions which contained vana
dium alone (Table II). The acetone solution of vanadium cup
ferrate was checked for the presence of copper by the dithizone
method as described by Sandell (2) and no copper was found.

PROCEDURE

To a solution containing the vanadium and copper salts was
added 10 m!. of 10% Versene solution, and the procedure de
scribed was followed.

LITERATURE CITED

(1) Bertrand, D., Bull. soc. chim. France, 9, 122 (1942).
(2) Sandell, E. R., "Colorimetric Determination of Traces of Metals,"

2nd ed., p. 296. New York, Interscience Publishers, 1950.
(3) Smith, G. F., "Cupferron and Neo-Cupferron," G. Frederick

Smith Chemical Co., Columbus, Ohio.
(4) St.rock, L. W., and Drexler, S. J., J. Opt. Soc. Amer., 31, 167

(1941).

Rt:CErn':D for review June 10, 1953. Accepted October 23, 1953.

Automatic Measurement of Light Absorption and
Fluorescence on Paper Chromatograms

JAMES A. BROWNI AND MAX M. MARSH

Eli Lilly and Co., Indianapolis, Ind.

Previous automatic devices for scanning paper strip
chromatograms have ei ther heen of the intermi tten t,
nonrecording t)'pe or have required the use of an
autolDatic recording spectrophotometer. The at
tachlDent described is designed for use with a com
lDercially available monochromator employing a
stabilized light source such as the Beckman Model
DU spectrophotolDeter. An innovation in the as
sembly described is the use of interference filters to

T HE application of the paper chromatographic technique to
the quantitative as well as qualitative evaluation of complex

mixtures continues to receive considerable attention. Recent
studies have resulted in the construction of several devices for the
scanning of paper strips from the standpoint of light absorption
measurements (3-6).

The present work represents a continuation of some prelimi
nary observations reported earlier (2) and is an attempt to broaden
the utility of the automatic technique, by providing for the
measurement of fluorescence on paper strips and by incorporating
components which are more accessible to the average laboratory.

DESCRIPTION OF APPARATUS

The attachment for automatic scanning consists of five major
parts-a spacer, a scanning chamber, a strip transporting mech
anism, a photomultiplier tube detector with amplifier, and a
strip chart recorder.

Since paper strip chromatograms can be prepared most con
veniently on strips 0.5 inch wide (l), the first requirement in de
signing a scanner was to provide a beam of light at least that

1 Present address. TruesdaB Laboratories. Ine., Los Angeles, Calif.

permit the measurement of t1uorescence on paper
strips. Strip chart records, both of absorption vs.
strip length and of fluorescence vs. strip len~th, have
been obtained. The reproducibility of results ap
pears to be better than that obtained with other
scanningdevices. Byplottingpercent transmittance
rather than absorbancy, greater sensithity is ob
served in evaluating low concentrations of absorhing
materials on the strips.

wide through which the strip could be transported. Examina
tion of the characteristics of the light beam emitted by the
Beckman DU monochromator used in this work showed that in
the vicinity of the absorption cells as normally placed in the cell
compartment the beam is a vertical rectangle about I/S X 3/S
inch. With the hydrogen lamp as a source, this beam diverges in
the horizontal dimension and converges in the vertical dimension
as the distance from the exit slit increases, and at a distance of
about 8 inches it forms a slightly diffuse horizontal rectangle
about 3/'6 X 5/8 inch. With the tungsten lamp as the source,
the image at the 8-inch distance is a vertical ellipse about 6/8inch
wide and 1 inch high but with the brightest portion concentrated
in a diffuse horizontal rectangle about 3/'6 X 6/Sinch. Thus, it
appeared feasible to transport the strip vertically through the
beam at a distance of 8 inches from the block supporting the filter
slide and exit slit. An alternate method would be to place the
scanner closer to the block and alter the beam with lenses but
this appeared to be an unnecessary complication. The use of the
beam at the 8-inch point has at least two advantages. First, the
chamber and scanner are located where there is no interference
with the light source housing; secondly, it allows for the trans
porting of the strip vertically through the beam. Thus, provision is



Figure 1.
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easily made for shifting the strip out of
the beam and for inserting a reference
specimen, by mounting the mechanism
on a sliding top to the light chamber.
If the strip were transported in :tny
direction other than vertical, the shift
ing of the strip would present a more
difficult mechanical problem.

The positioning of the ~('anner

chamber at the correct di~ttU1cewas ac
complished with the spacer. This con
sists of two identical brass plates 53/ 8 X
35/ 8 X 3/8 inch brazed to a length of
brass pipe 1.25 inch in inside diameter
In' 1.5 inch in outside diameter in such
a 'm:l,llner t.hat the ovcr-alllength of the
spacer was 6Jl / 16 inches. The plates
werc Irilled so that they could be fitted
to thp,existing filter slide block guide pins and threaded hole~on the
OIJt.ical bench of a Beckman Model DU spectrophotometer. For
eOllvellience, both plates were drilled identically. The plates
were machined after the brazing so that the faces wcre pamllel
to each other, perpelldicular to the pipe, and fitted preciseI\' to
the filter slide block and scanner chamber. .

The chamber was constructed of an easily workahle and
extremely light weight magnesium alloy. The t,wo idelltical
sides are 6.75 inches high, 7 inches wide and 0.25 inch thick
with a notch 1"/16 inches wide and 1.75 fnches high cut out of
t,he lower corner to provide room for the cables so that a. stand
ard Beckman photomultiplier attachment could be mounted if
desired. The ends and bottom of the chamber were made from
pieces of the alloy 1.5 inches wide and 3/8 inch thick. Each of
the parts of the box were precisely machined and the p~lrts over
lapped sufficiently to provide a sturdy light-tight chamber.
Thc parts were asscmbled with 38 countersunk machine serews.
The sides were drilled, one to fit the spacer plate and the other
to accommodate eitllCr the Bcckman or the Aminco (American
Instrument, Co., photomultiplier microphotometer) phototube
housing. The lid is a piece of the same alloy 8 inchcs long, 2
inches wide. and 3/S inch thick. wit,h 0.25 X 0:25 inch rabbits on
each side. The sides of the chamber extend 0.25 inch above the
ends, the lid fit.ting between these extensions of the sides and
overlapping the top to make a light-tight fit. The lid is free
to slide.

The insides of both the spacer and the chamber "'ere painted
with a flat black paint to minimize reflections.

The scanner is similar to one described by Parke and Davis (5)
as modified by Brown (1). It incorporates one solid brass roller,
roughened to eliminate slippage of the strip, which is geared to It

synchronous mot,or. The brass frame holding the gears and
roller is mounted on a brass block 3/Sinch thick which is in turn
mounted on the underside of the lid. The brass block contains
the aperture which is a hole 0.5 inch in diametcr; over this are
mounted t-wo movable plates to providc an adjustahle slit. The
brass block also contains an adjustable track to guide and retain
the paper strip and a spring-loaded companion roller to the driv
ing roller so that a slight pressure is exerted on the paper strip as
it is being driven. Provision is made for mounting a stationary
reference strip of paper with an identical apcrture and adjustable
slit. The dimensions of the scanner and its placement are such
that when one end of the lid is flush with the end of the chamber
the reference specimen aperture is located in the beam and when
the other end is flush with the other end of the chamber the main
aperture is in t,he beam. Adjustable stops were placed on the
ends of t.he chamber t<l limit the travel of the liding top. All of
the parts were constructed so that the apertures were in a line
centered atthe exit slit and perpendicuhr to the filter slide block
on the monochromator. The position of the light beam can be
shifted somewhat with the focusing adjustments provided on the
monochromator; the final ;Llignment of the beam to cover the
aperture was accomplished in this manner. The depth of the
chamber was made as largE' as possible to provide space for the
strip to collect after it had passed the aperture. The synchron
ous motor is commercially available CR. W. Cramer Co., Center
brook, Conn.:'. It is of a high torque design with an electric
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General View of Complete Instrument

clutch which disengages when the power is off so that the st,rip
can be moved by hand. Its output shaft speed is 4 r.p.m. and
the strip travels about 7 inches per minute.

As mentioned by Parke and Davis (5), the light, after passing
through the papcr, is essentially all . cattered. This light passes
through the 3/s-inch thick hole in the body of the scanner and
this may result in some collimation. The scanner was placed as
close as possible to the exit side of the chamber and when the
Beckman phototube housing is mounted on the chamber the
phototube is located close enough to the scanncr so that an ade
quate amount of light strikes it. This is not true when the
Amlllco photomultiplier tube housing is used since there is a
sizable chamber built into the phot.omultiplier tube housing to
accommodate filters; therefore, an inadequate amount of light
strikes the phototube unles the beam is further collimated.
This was done by mounting a, piece of stainless st.eel tubing of
0.5-inch inside diameter and 1.5-inch lengt.h inside the nipple
connecting the phototube housing to the scanner chamber, using
a suitable brass bushing, so that one end was as close as possible to
the scanner. Thc interior surfaee of the t.ube was highly polished.
All of the light from the strip passes into this tube and practically
all is collimated into a beam whith strikes the phototube. Only
enough space was left between the eollimating tube and the
phototube to insert the thin interference filt,er which is necessary
when fluorescence measuremcnts are being made.

The detecting element is an RCA IP28 photomultiplier tube.
The assembly shown in Figure 1 utilizes t,he Aminco photomulti
plier tube housing and line-operat.ed direct current amplifier and
power supply (American Instrument Co.). It has also been
found possible to install the photomultipliC'r tube in the standard
photocell housing of the Beckman spectrophotometer and to
employ the internal amplificat,ion system of the instrument, itself,
the take-off to the recorder being in the null meter circuit. In
the latter case, an external battery power supply for the photo
multiplier tube is necessary. The Beckman photomultiplier
attachment includes a power supply and operat.es satisfactorily
for this application (2).

The recorder selected for use in these studies was a Brown
Inst.rument Co., fast-acting strip-chart recorder. The pen speed
is one second for full-scale travel and the voltage range is 0 to 1
mv. For most applications a recorder with a 0- to 10-mv. span
would be satisfactory but a high-speed pen travel is mandatory.
In order to secure the proper input potential, the output of the
amplifier was supplied to a suitable voltage dividing resistor
wired in parallel with the recorder.

Figure 1 shows a photograph of the complete apparatus.
Figure 2 is a close-up exploded view which shows the various
pal·ts and their approximate relationship t.o each other.

OPERATION

Absorption Measurements. The propel' operating range of the
instrument is determined by choice of slit width, load resistor, and



Figure 2. Exploded View Showing Relationship of Attachments
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high-voltage setting. The general specifications for photo
multiplier tubes indicate that maximum stability and reproduci
bility of output is obtained when the high voltage is kept as low as
possible. It has seldom, if ever, been necessary to'increase the high
voltage above the 680-volt minimum of the Aminco amplifier. To
reduce the noise output, the load resistor should be as low as
possible.

It is necessary to fix the 0 and 100% ends of the recorder pen
travel corresponding to zero and maximum amplifier output,
respectively. The zero end is fixed first, with the scanner in a
mid-position in the chamber so that no light falls on the photo
tube, by, adjusting the zero adjust (dark current compensating)
knob on the amplifier. The 100% end is fixed by shifting the ref
erence section of the scanner which contains a typical specimen
of the paper being used into the beam and adjusting the slit on
the optical bench. It is often desirable to fix the 100% point at a
small distance from the end of the chart so that the pen may
travel above 100% because of normal fluctuation of the back
ground absorption. The sample strip is backed out of the beam
by rotating the clutch mechanism of the synchronous motor;
then, after setting the transport mechanism in the sample posi
tion, the motor is started and at the first deflection of the pen,
indicating entrance of the strip into the beam, the chart motor is
started, thus synchronizing the chart record with strip position.
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Settings at both ends of the recorder scale are checked and read
justed if necessary before each strip is run through or whenever
the wave-length Aetting is changed. The principal precaution In
making these settings is to make them approximately the same
for all strips of a given series since the height and thus the area of
a peak is (iependent on the total span of the pen.

Fluorescence Measurements. For the measurement of
fluorescent zones on paper strips, a mercury vapor lamp (avail
able from Beckman Instruments, Inc. and recommended by
them for calibration of the wave-length scale of the DU spec
trophotometer) is placed in the normal position for the light
source. The wave-length dial is set at 365 mil which effectively
isolates the f1uorophor-activating line. An mterference filter
having a peak transmittance at a wave length near the wave
length maximum of the emission spectrum of the f1uorophor is
placed in the light beam between the paper strip and the photo
multiplier tube. Suitable filters having essentially complete
cutoff at 365 mil and 25 to 35% transmittance at 450 mil (blue
fluorescence) or 580 mil (yellow fluorescence) have been pur
chased from Baird Associates and Farrand Optical Co. With
this assembly, light strikes the photocell only when a fluorescent
zone is passing through the beam. This provides a recording of
emission versus strip length. It is necessary to employ a stand
ard fluorescence for reference with each sample series studied

since a reference light intensity is not other
wise obtainable. This can be conveniently
done by placing a spot of the material be
ing tested or of any stable fluorescent sub
stance having a similar emission spectrum,
on a piece of paper strip and placing it in
the reference aperture of the scanner.
Then, before each strip is scanned, the pen
is adjusted to a fixed reference point on the
chart with the reference specimen in the
beam by adjusting the slit. The only other
adjustment necessary is that to compensate
for zero drift.

EXPERIMENTAL

Paper strips 0.5 X 22.5 inches were used
in developing chromatograms according
to the method described previously (2).
After drying, the strips were scanned at the
appropriate wave lengths using the de-

scribed apparatus.
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Figure 3.
RELATlV~ POSITION ALONG PAPER STRIP

Per Cent Transmittance at 297 mil vs. Strip Length of a Filter Paper Strip
Containing Pyridoxine Hydrochloride

A. Base line (sean of the strip before applying the sam.ple)
B. Sean of the strip after developm.ent
C. Poin't of sample application
D. Pyridoxine hydrochloride band
E. Solvent front

RESULTS

Figure 3 shows a typical graph
of relative per cent transmittance
of a pyridoxine hydrochloride
band versus a linear function of
strip length. Figure 4 shows a
typical graph of relative fluo
rescence intensity of a riboflavin
band versus a linear function of
strip length. Table I and Figure
5 show the quantitative results of
measuring the areas of the per
cent transmittance peaks from a
series of concentrations of pyri.
doxine hydrochloride, and Table
II and Figure 6 show similar
data from the fluorescence peaks
from a series of concentrations of
riboflavin.

DISCUSSION

In Figure 3 the typical back
ground absorption of a paper
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Table II. Concentration-Area Data for Various Concen
trations of Riboflayin

The zero setting was checked before and after each strip was
scanned and occasionally small discrepancies were noted, but the
only changes which would have significant effect are those which
might occur while an actual band was passing the beam, since
gradual range changes are compensated for when superimposing
the base line.

In Figure 4 it is evident that the background variation is no
problem with fluorescence measurements since it represents an
infinite value in terms of absorption. Thus, no prescanning of
the strips is necessary when onl~' fluorescence measurements are
to be made. A.ny background fluctuation which does occur can
be attributed to instrument noise and is not reproducible.

3.12,)

:l 69
3 52
3 64
:3. 8:3

3.67
+·1.4
-4.1

2.94
3.00
2.9,),
2.86

2.93
+2.4
-2.4

2.23
2.2.1
2.23
2.16

2.21
+1.4
-2.3

1.46
1.53
1.55
1.52

1. 51
+2.6
-3.3

0.83
0.81
0.77
0.8l

0.80
+3.7
-3.7

---_._--

Table I. Concentration-Area Data for Various ConcenLra
tions of Pyridoxine Hydrochloride

(Four strips at each concentraHon. Wave length = 297 Ill,,)

Concentration, 7 p"r 0.625 1.25 1.875 2.5
strip

Area of absorption ZOI\f~.
sq. inch

(Four strips at each concentration)

Concentration, 7 per st,rip 2.6 5.2 7.8 10.-1 I:!. 0
Area. of fluorescent. zon~. sq. 3.30 5.24 7.02 7.40 8.16

inch 3.46 5.30 6.6-1. 7.66 8.43
3.34 5.41 6.72 7.75 8.22
3.44 5.30 6.73 7.32 8.24

Average 3.an 5.31 6.78 7.53 8.26
A.-Iax. dey. from .2.1 +1.9 +3.5 +2.9 +2.1

a\'crage, % -2.7 -1.3 -2.1 -2.8 -1.2

strip is shown and it is evident t hat the variation in absorption is
considerably more than is shown in the previous work (2), whcre
absorbance versus strip length was plotted instead of per cent
transmittance versus strip length as in the present study. This
is to be expected since, in the plotting of per cent transmittance,
small variations in transmittance are magnified in relation to
large variations a~ compared to an absorbance (logarithmic)
plot. The plot of per Gent transmittance is on a highly expanded
scale for low transmittance values as compared to the absorbance
scale on the Cary Recording spectrophotometer used in (2).
The disadvantage of having a more variable base line is offset by
the greatly inGrea-."Cd sensitivity of the present instrument \"hich
allows, for example. the determination of as little as 0.6251' of
pyridoxine hydrochloride on a strip as shown in Table 1. The
ability of the instrument to reproduce a trace, including all of the
background peab, i~ well demonstrated in Figure 3.
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CONCENTRATION-MeG. PER STRIP

Figure 5. Plot of Areas of Absorption
Peaks of Pyridoxine Hydrochloride 1'8.

Concentration

The precision obtained in quantitative measurement of fluo
rescence as shown in Table II is somewhat better than that from
absorption measurements. This might be attributed to the ab
sence of the variable background absorption and perhaps the
comparision shows how much the precision of absorption meas
urement is affected by the variable background. Measurements
of both absorption and fluorescence of bands on strips a.re subject
to some error and variability, because of the imperfect distribu
tion of the material in the band, the finite dimensions of the beam
of light passing through the strip, the fact that only approximately
94% of the width of the strip is covered by the beam, etc. These
factors affect both fluorescence and absorption measurements.

The forementioned factors also affect the form of the con
centration-area relationship curves as do such things as amplifier
and phototube linearity, etc. Figure.5 indicates that the con
centration-area curve for per cent tran~mittancemeasurements is

__ 0

RH,l,T1VE POSITION ALONG PAPER STRIP

A 58O-m,u interference filter was used in Cront oCthe phototube
A. Point of sample applicat,ion
B. Riboflavin band

Figure 4. Fluorescence 1'8. Strip Length of a Developed
Filter Paper Containing Riboflavin

It might be expected that with the more variable base line, less
precision would be attained in quantitative work. This ap
parently is not necessarily the case, as shown in Table 1. One
reason for this may be the faster pen response of the recorder as
compared to that of the Cary instrument used in the previous
work (1,2).

vVhile the present instrument is subject to zero drift, light
fluctuations, ecc., these apparently are of little consequence.

"'±2---~3'----4r--TS-""!':--"'!7:-:8r-:r-,:o::O----;!;:'5

CONCENT~AT'ON-IoIC(i. PER ST~IP

Figure 6. SeDliiog Plot of Areas of Fluores
cence Peaks of Riboflavin 1'8. Concentration
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essentially a straight line over the range used, which. is contrary to
Beer's law and the usual experience with solutions. There is no
ready explanation for this except to say that it is probably due to
compensating effects of the various factors mentioned. :The
concentrations used in this series were chosen so that the maxi
mum deflection of the pen was not over about 50% on the trans
mittance scale. Obviously, the closer to 0% transmittance the
deflection becomes, the less deflection there is per unit of con
centration inerease and the sensitivity decreases rapidly. There
fore, the linear relationship shown in Figure 5 could not hold for
larger concentrations. It appears to be best, for quantitative
work, to limit the maximum defleetion to around 50%. The
semilogarithmic relationship indicated in Figure 6 for fluorescence
measurements again is the result of all of the various factors.
Since, in quantitative work, the analytical results are always
based on results from standards run under the same conditions,
the form of the calibration curve is not particularly important.

If the Beckman photomultiplier attachment is used, and the
output to the null-point meter is supplied to the recorder, the in
strument is operated in a state of unbalance (a state for which it
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was not designed) and the nonlinearity of the amplifier under
these conditions becomes a factor. For qualitative work this is
not important and for quantitative work it appears that the only
effect would be on the shape of the concentration-area calibration
curve.
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Dichromate Oxidation of Diethylene Glycol
MARIO J. CARDONE AND JOHN W. COMPTON

Research and Development Division, Wyandotte Chemicals Corp., Wyandote, Mich.

An oxidation Illethod for resolving organic Illixtures
containing nonvicinal hydroxyl and/or ethereal
oxygen, asin glycol Illixtures, requires a strong oxidant
acting differentiaUy. The behavior of dichrolllate as
a differential oxidant is indicated by a study of the
literature. Oxidation of diethylene glycol by dichro
Illate in sulfuric acid solution at 100° C. results in
three weU-defined stages or levels of oxidation in
dicative of definite stoichiollletric reaction Illecha
nislllS. These levels are attained in solutions which
are 50, 25, and 12.5% by volullle in sulfuric acid and
are independent of the glycol and dichrolllate con
centrations, provided that a Illoderate excess of di
chrolllate over that stoichiollletricaUy required for

I N THE analysis of either pure compounds or organic mixtures
the use of dichromate as an oxidant is not limited to vicinal

hydroxyl compounds as is periodic acid in the Malaprade re
action (1). Dichromate oxidation has been employed as a means
of analytically resolving organic mixtures by one of three general
approaches: (1) total oxidation by dichromate and subsequent
correction for the oxidizable components (2) which are determined
separately by independent methods, such as the Malaprade
reaction, (2) removal or destruction of the more easily oxidizable
components by a prior treatment (10) such as the Malaprade
reaction and subsequent total oxidation of the remaining com
ponents with dichromate, and (3) differential dichromate oxida
tion (9, 20), which embodies independent oxidations under sepa
rate and different oxidizing conditions. In the latter case only
the component in question varies in behavior.

Selection of the conditions necessary to effect complete oxida
tion of the organic compound or compounds by dichromate in
the first two methods is of fundamental importance, but an ex
amination of the literature discloses considerable latitude in the
conditions used (2, 4, 9, to, 12, 20). In the the third method
usually one of the oxidation conditions selected is the highest
level of oxidation-Le., oxidation to carbon dioxide and water.
Since only the differential in oxidizability is required, assurance

the oxidation of the glycol to the respective level is
provided. Application of the differential oxidation
Illethod for the resolution of the binary Illixture,
diethylene glycol and ethylene glycol, was success
ful over a lilllited cOlllposition range with an accuracy
within ±5% of the glycol content. The accuracy
lilllitation was due to the lack ofdifferential oxidation
behavior of ethylene glycol under the conditions,
coupled with the relatively slllaU oxidation level
change of the diethylene glycol. Further study pro
viding additional data on the dichrolllate oxidation
characteristics of these and other organic cOlllpounds
should result in considerable illlprovelllent of the
differential oxidation Illethod.

of complete oxidation is not so critical as in the first two methods.
The chief objection to the differential method lies in the use of
different oxidizability. This has proved to be satisfactory for
the diethylene glycol but represents only an arbitrary experi
mental behavior under the prescribed conditions. Under these
circumstances, the method is open to the criticism of being em
pirical. In order to circumvent this objection, this investigation
had as its purpose the determination of the dichromate oxidation
characteristics of organic compounds (specifically, diethylene
glycol) which are not empirical levels of oxidation, but which
are represented by stoichiometric oxidation mechanisms.

CHEMICALS AND SOLUTIONS

All chemicals used were the highest quality reagent grade
material available, and no attempt was made to purify any of
these materials further. .

Glycolic Acid, Matheson Co., No. 5770, assay 99±% and con
taining only water as impurity.

Sodium Oxalate, Bureau of Standards No. 40e.
All other chemicals have been described (5).

OXIDATION AND DETERMINATION PROCEDURE

The oxidation procedure and the spectrophotometric method
for following the oxidation have been described in detail pre-
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EFFECT OF SULFURIC ACID CONCENTRATION

Table I. Effect of Sulfuric Acid Concentration on
DichrOInate Oxidation of Diethylene Glycola

Oxidation Number

a 4-hour oxidations at 100· C.
b Average of triplicate determinations.
C Average of duplicate determinations.
d Single value.
e Average of five determinations.

Oxidations were conducted at 100 0 C. because of the ease with
which this temperature is fixed and controlled. Also, considera
tion of the work of Werner and Mitchell (21) on related com
pounds showed that this temperature would provide a sufficiently
rapid reaction rate. Reflux temperatures were not used, as these
vary over a wide range depending principally upon the acid
concentration. The only foreseeable variable not controlled
was the redox ratio, which increases as the oxidation proceeds
because of the dp.crease in the dichromate concentration and in-

.... ..
40 .. H2S04 V--

'/
/ ~ I----

7
" ,/ 2'" ItooSO -.
- ~'llo "t804. .
,/' 11:.'" ",soo4 -

I- I I
I

1~'Me:S04

j/./.
0 , , , . . . , .,

TIME, HOURS

Figure 1. Effect of Sulfuric Acid Concentration and
Time upon DichroD1ate Oxidation of Diethylene Glycol
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crease in the chromium(III) concentration. This change in the
redox ratio could be minimized by initially adding chromium(III)
to the system. However, Kolthoff and Laitinen (14) state that
in dichromate reactions, trivalent chromium ions apparently
have no influence upon the apparent oxidation potential, hence
chromium(III) additions were not made.

In analogous agreement with the results of Elkins et at., the
results in Table I show a progressive decrease in the values of the
oxidation numbers with decrease in sulfuric acid concentration.
This expected decrease might be interpreted as indicative of the
incompleteness of oxidation of the diethylene glycol to the carbon
dioxide level. However, if lower oxidation levels exist. they
must theoretically by definition be represented by oxidation
numbers which are whole and even. The value of 16.0 in Table I
obtained in 25% sulfuric acid solution (spectrophotometric)
meets those criteria. In addition, this value agrees with the
calculated value of 15.5 obtained by Francis (10), who found it
necessary to use a reproducible but lower conversion factor than
the theoretical in terms of complete oxidation of diethylene glycol
to carbon dioxide.

No significant evidence of overoxidation at the carbon dioxide
level is indicated by the results shown in Table I, such as were
observed by Werner and Mitchell (21) in their oxidation study
of methyl Cellosolve in 55% sulfuric acid solution. Observations
of free oxygen loss have been reported when the acidity is ex
tremely high (4, 8), which might account for the oxidation num
bers greater than theoretical obtained by Werner and Mitchell.

The values in Table I obtained by the two methods agree well
except in the 20 to 30% sulfuric acid concentration range, and it
is not yet possible to explain satisfactorily the reason for the
difference. It is significant that the values obtained by the spec
trophotometric method are lower, for in a previous study (5) it
was shown that the possible presence of unoxidized diethylene
glycol caused no interference and that if compounds other than
carbon dioxide were to be formed as end products any interfer
ence from these compounds should result in higher oxidation
number values.

The reproducibility or precision measure of the oxidation
numbers obtained by both methods was on the order of ±0.05
(deviation from the mean), except for the 5% sulfuric acid con
centration determinations where the values were somewhat more
erratic.

TIME-SULFURIC ACID CONCENTRATION STUDY

If the results shown in Table I are actually due to incomplete
oxidation to the carbon dioxide level, then the effect of oxidation
time should result in an increase of the oxidation number (even
if only a very slow increase). On the other hand, if the oxidation
is actually seeking some lower level or levels, then the effect of
oxidation time should have very little influence, provided only
that the lower oxidation level be an essentially stable one.

20.0d
20.0
20.0

19.6
18.6
17.0
16.0
15.1
14.3
13.5
12.6'

20.3
20.2
20.3
20.0
20.1
18.8
17.8
17.0
15.6
14.4
13.7
12.8

Iodometricb Spectrophotometric cH2S0" Vol. %
60
55
50
45
40
35
30
25
20
15
10

5

viously (5). For some portions of the work the iodometric
method was employed (2, 9). In this case, the major portion
of the sulfuric acid was neutralized with sodium hydroxide after
the oxidation step had been completed or stopped, as in many
cases the acidity was very high and could not be sufficiently
decreased by simple dilution. Iodometric blanks were run and
calculated in a manner analogous to the spectrophotometric
blanks (5).

y = potassium dichromate blank, meq.
blank = x - (standard sodium thiosulfate blank, mI.) X

(normality of sodium thiosulfate)
x = potassium dichromate taken, meq.

The apparent oxidation potential of dichromate redox reactions
is greatly influenced by the hydrogen ion concentration (activity)
(15). The nature of the acid media should also be an influence,
as the activities of equal molar concentrations may be signifi
cantly different. Some investigators have employed phosphoric
acid (3, 4), phosphoric-sulfuric acid (13, 18, 19), acetic acid
(6, 16, 17), and acetic-perchloric acid (6) media. In this work,
however, only the sulfuric acid medium was employed.

Elkins et at. (9) studied the effect of sulfuric acid concentration
upon the oxidation of methyl Cellosolve and Cellosolve and
obtained higher oxidation numbers (factors) at the higher acidities
for oxidations conducted at reflux temperatures for 4 hours.
Thus, in 12.5% sulfuric acid solution, oxidation numbers of 9.3
and 9.0, respectively, were obtained, whereas in 33% sulfuric
acid solution, the values obtained were 15.5 and 13.2 (theoretical
values, 13.0 and 14.0).

The effect of sulfuric acid concentration upon the oxidation
of diethylene glycol is shown in Table 1. In obtaining these data,
an attempt was made to hold all other variables constant. Two
series of experiments were performed, one series of oxidations
being followed iodometrically and the other spectrophotometri
cally. In each experiment, 10.42 mg. of diethylene glycol was
taken for oxidation and 5.00 meq. (0.5N potassium dichromate
used) of potassium dichromate was added. The dichromate
additions provided a 2.5-fold excess over that which would be
required for complete oxidation of the diethylene glycol to the
carbon dioxide level.
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Oxidations were therefore performed as before in which the
sulfuric acid concentration was again varied over the range of
50 to 5%.. In this study, however, each experiment was con
ducted for the time interval as shown in Figure 1 and 11.65 mg.
of diethylene glycol was taken for the oxidation. Only the spec
trophotometric method was used for following the progress of the
oxidations. The results are shown in Figure 1, where all the
values represented are the average of duplicate determinations.

Complete (theoretical) oxidation of diethylene glycol to carbon
dioxide and water occurs in 50% sulfuric acid solution within 30
minutes and is uninfluenced by longer oxidation time. This
carbon dioxide level of oxidation represented by an oxidation
number of 20 is then the maximum or most stable oxidation level.
The plot of oxidation number V8. time for solutions which are 40
and 35% in sulfuric acid indicates that the reaction rate decreases
with decreasing sulfuric acid concentration. Complete oxidation
to the carbon dioxide level is attained after 8 hours in the case of
the 40% sulfuric acid solution but is only 96% complete after 8
hours in the case of the 35% acid solution. Since at these acid
concentrations the oxidations asymptotically approach the car
bon dioxide level, it can be deduced that the (apparent) oxidation
potential is still high enough to drive the reactions to this level.

Analogously, two lower oxidation levels at 25% (oxidation
number 16.0) and 12.5% sulfuric acid (oxidation number 14.0)
are indicated, since they are again independent of time. It takes
s.omewhat longer to attain these levels, approximately 1 and'2
hours, respectively. Again, this can be attributed to the lower
reaction rates at the lower acid concentrations. However, this
increase in the time required to reach the oxidation level in
question is also explainable if it is assumed that as the oxidation
potential decreases, the reaction rate also decreases (7). The
similarity of the 5% sulfuric acid curve to the 35 and 40% curves
is apparent, but the asymptotic limit is now an oxidation number
of 14.0, which is a further indication of a stable 14.0 level. The
results of the 15% acid solutions are interesting in that a stable
level of fractional value is indicated. This is interpreted as over
oxidation of the 14.0 level because of a higher oxidation potential
than is required.

CONCENTRATION OF REACTANTS

In order to be analytically useful, it is important that the facts
represented in Figure 1 be proved to be definite stoichiometric
relationships and not empirical functions holding only for the
particular experimental conditions obtaining. The reactant
concentrations (glycol and dichromate concentrations) should
be flexible over a broad range if any subsequent application is to
be of a versatile nature.

Three series of oxidations. were made as previously described
containing, respectively, 50, 25 and 12.5% sulfuric acid. The
amounts of glycol taken for oxidation in each series were, respec
tively, 40.20, 21.97, and 5.487 mg. Each oxidation was con
ducted for a definite time interval with the maximum time used
in any series being only that required for completeness of oxida
tion or indicating the point of leveling off. The amount of dichro
mate taken in any experiment was calculated so as to represent a
minimum excess of approximately 1.0 meq. over that required
to oxidize completely the amount of glycol taken to carbon dioxide
and water.

The results are shown in Table II where, for the sake of con
tinuity, the appropriate data shown in Figure 1 for the 11.65-mg.
glycol experiments are included. In every case, the expected
oxidation numbers of 20.0, 16.0, and 14.0 were obtained. The
larger amounts of glycol taken for oxidation to any of the oxida
tion levels did not require longer oxidation times. Maximum
oxidation was obtained in 1 hour except for the 12.5% sulfuric
acid oxidation of 11.65 mg. of the glycol, where a 2-hour oxidation
time was preferable. Longer oxidation times had no significant
effect. In some of the experiments (3 to 7, 10 to 14, and 19 to 23),
although only the glycol taken is decreased as shown in Table II,
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the dichromate concentration of 5.000 meq. represents an actual
increase, since proportionately less dichromate is required.
However, in the cases where the dichromate concentration was
directly varied (15 to 18), the same results were obtained.

Results were also obtained for the oxidation of approximately
5 mg. of the glycol at the various acidities. They are not shown
in Table II, as the results were somewhat erratic because of the
small amount of glycol taken for the oxidation, but in general
the same trend in the results was obtained as for the other glycol
concentrations. The precision measure of the results as shown in
Table II was good, being on the same order as indicated in the
preceding acidity study.

Table II. Effect of Glycol and DichrOioate Concentrations
and Time upon Oxidation of Diethylene Glycol at Acidities

Producing Specific Oxidation Levels
H2SO4. Oxidation Glycol K,CrO, Oxidation

No. Vol. % Time, Hr. Taken. Mg. Taken, Meq. No.a

1 50.0 0.5 40.20 8.495 19.7
·2 50.0 1.0 40.20 8.495 19.9

3 50.0 0.5 21.97 5.000 19.4
4 50.0 1.0 21.97 5.000 20.0
5 50.0 2.0 21.97 5.000 20.0
6b 50.0 0.5 11.6.5 5.000 19.9
7 b 50.0 1.0 11.65 5.000 20.2

8 25.0 0.5 40.20 8.495 15.9
9 25.0 1.0 40.20 8.495 16.0

10 25.0 0.5 21.97 5.000 15.9
11 25.0 1.0 21.97 5.000 16.0
12b 25.0 0.5 11.65 5.000 15.7
13 b 25.0 1.0 11.65 5.000 15.9
14b 25.0 2'.0 11.65 5.000 15.9

15 12.5 0.5 40.20 8.495 13.5
16 12.5 . 1.0 40.20 8.495 14.1
17 '12.5 0.5 40.20 6.500 13.5
18 12.5 1.0 40.20 6.500 14.0
19 12.5 0.5 21.97 5.000 13.4
20 12.5 1.0 21.97 5.000 14.0
21 b 12.5 0.5 11.65 5.000 13.4
22 b 12.5 1.0 11.65 5.000 13.8
23 b 12.5 2.0 11.65 5.000 13.9

a Average of duplicate determinations.
b From data as shown in Figure 1.

CONCLUSIONS

Dichromate oxidation of diethylene glycol in 50, 25, and 12.5%
sulfuric acid at 100 0 C. proceeds in a stoichiometric manner to the
oxidation levels represented by the oxidation numbers, 20.0,
16.0, and 14.0, respectively. These oxidations are independent
of the glycol and dichromate concentrations if the amount of
dichromate employed provides an excess over that required by the
glycol for the level desired. However, for the most satisfactory
results the amount of glycol taken for oxidation should be from
10 to 40 mg. (per 50-ml. volume) which will require a I-hour
oxidation time for solutions 50 and 25% in sulfuric. acid and pref
erably 2 hours for a solution which is 12.5% in sulfuric acid.

OXIDATION MECHANISM

A lirnited amount of work was done in an attempt to explain the
nature of the oxidation mechanisms responsible for these observed
stoichiometric oxidation levels. Only an indirect approach was
tried-namely, the examination of likely compounds which could
be predicted as end products, on the basis of recognized oxidation
theory under the same oxidation conditions. The behavior of for
mic, oxalic, and glycolic acids postulated on the basis of the hy
droxylation theory (11) is shown in Table III. (In thehypotheti
cal mechanism, it was assumed that the reactions are those of di
ethylene glycol and not of a compound produced by the action of
sulfuric acid.) These compounds were completely oxidized to
carbon dioxide and water even in 12.5% sulfuric acid solution and
were therefore eliminated as possible end products (or intermedi
ates). One mechanism remains, howeYer, as represented by the
over-all reaction:
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OXIDATION OF ETHYLENE GLYCOL

required are the values of the calibra
tion coefficients of each component for
each experimental oxidation condition
or leve1. (In the general case, the assump
tion is made that each component of the
mixture oxidize~ to its respective oxida
tion level independently of the presence
of the other components. This assump
tio!!. must be experimentally verified for
each component system in question.)C02; 2.0

C02; 6.0

In order to resolve the ethylene glycol
diethylene glycol mixture, the calibra
tion coefficients of ethylene glycol were
determined in 50, 25, and 12.5% sulfuric
acid solutions under conditions the same
as those described for diethylene glycol.
The results are shown in Table III.

In every case, ethylene glycol oxidized
to the carbon dioxide level, the rate of
reaction being rapid in 50 and 25% sul
furic acid solutions and requiring 1 hour.
In 12.5% acid solution, however, the
reaction rate was slow and at least 4
hours were required. Increasing the
sulfuric acid content to 14% did not
significantly alter the results. The
values of the calibration coefficients for

ethylene glycol in 50, 25, and 12.5% sulfuric acid solutions are
then the same. Thus, this is a mixture which fits the special
differential oxidation case--one component, ethylene glycol,
oxidizing in a constant manner and the other, diethylene glycol,
oxidizing differentially but stoichiometrically.

ETHYLENE GLYCOL-DIETHYLENE GLYCOL MIXTURES

A series of five synthetic solution mixtures of ethylene and di
ethylene glycol was prepared. 'Weighed mixed portions of the
glycols were diluted to volume in a I-liter volumetric flask at
25 0 C. The percentage of each glycol in the mixture was calculated
on the basis of the total glycol weighed out and was varied so that
the percentage compositions ranged from approximately 90 to
10% and 10 to 90%, respectively. The strength of the mixed
glycol solutions was approximately 4 mg. per ml. in total glycol.
The exact percentage compositions of the binary solution mix
tures are shown in Table IV.

Ten-milliliter aliquots of the sollition mixtures were taken for
oxidation. Oxidations were conducted in 50, 25, and 12.5%
sulfuric acid solutions for 2 hours. Some of the oxidations in
12.5% sulfuric acid solution were given a 4-hour oxidation time,
since ethylene glycol under these conditions had shown a tendency
to be incompletely oxidized. (In 50 and 25% sulfuric acid solu
tions, an oxidation time of 1 hour would have been ample.)
The amount of dichromate added was calculated so as to leave
1.0 to 2.0 meq. in excess after the oxidation process was com
plete. The determination of the milliequivalents of dichromate
consumed by the sample mixture (K) was made both spectro
photometrically and iodometrically. The results are shown in
TableV.

The experimental determination of K for the mixtures by the
spectrophotometric method in solutions 50 and 25% in sulfuric
acid, respectively, was in almost every case within the experi
mental accuracy of the spectrophotometric method for the deter
mination of dichromate-Le., ±0.3% of the dichromate content
(5). The precision measure of K was very good; the maximum
deviation of any single value from its mean was ±0.3% and was
usually closer to ±0.1 %.

Solutions which were 12.5% in sulfuric acid gave K values

2.0
2.0
2.0
2.0
1.9
2.0

6.0
6.0
6.0
6.0
5.6
5.9

10.0
10.0
10.0
9.9
9.9
9.9
9.6
9.8
9.9
9.8
9.4

Oxidation Number
Exptl.a Theory

2.0 C02; 2.0
2.0
2.0
0.55
0.81
1.42

5.0

50.0 1.0
2.0

25.0 1.0
2.0

12.5 1.0
2.0

50.0 1.0
2.0

25.0 1.0
2.0

12.5 1.0
2.0

50.0 1.0
2.0
1.0

25.0 1.0
2.0
1.0

12.5 1.0
2.0
4.0

14.0 2.0
12.5 1.0

lOOK

5.000

3.00070.41

40.00

Dichrmnate Oxidation of Organic COlllpounds at 100 0 C.
Compound K2C"O, H 2SO" Oxid.

Taken. Taken, Volume Time.
Mg. Meq, % Hr.

19.29 5.000 25.0 0.5
1.0
2.0
0.5
1.0
2.0

PQa + PRb + PSc + PTd +

Compound

Formic acid

Oxalic acid (as so
dium oxalate)

Ethylene glycol 47.39 8.495

23.70 5.000
47.39 8.495

23.70 5.000
47.39 8.495

23.70 5.000

Glycolic acid

Table III.

a A verage of duplicate determinations.
b Single value.
C Average of triplicate determinations.

No.

1
2
3
4
5
6

7

8b
9

10
11
12

APPLICATION

Analysis of pure compounds by dichromate oxidation in
volves only the customary quantitative principles once the oxida
tion number (or numbers) has been found, but for the analytical
resolution of ,mixtures the method of calculation is slightly more
complex. For use with mixtures, it has been found expedient
to employ the following expression which is analogous to those
employed in mass and infrared spectrometry. .

13 C

14 c

15
16
17
18

19
20 c

21
22
23
24
25
26
27
28
29

The K values can be measured by any of the analytical methods
-e.g., spectrophotometry, titrimetry. If such expressions are
employed for each experimental condition wherein characteristic
oxidation is observed, one expression for each component of the
mixture, it would be possible to solve them simultaneously and
obtain the percentage composition of the mixture. All that is

where

P = sample mixture taken, mg.
Q,R,S, T = percentage of components q, r, 8, t.
a,b,c,d = calibration coefficients for pure components, q, r, 8, t.

= oxidation number of pure component for particular
level divided by molecular weight of component

K = potassium dichromate consumed by the mixture, meq.
This is a measured value peculiar to a particular mixture
under the experimental conditions.

This possibility is of interest because it represents a case where no
reaction end products would remain in the system after the oxida
tion process is completed. As yet, no carbon dioxide-carbon
monoxide determinations have been made.

The oxidation of formic acid in 5% sulfuric acid solution is only
71 % complete (carbop dioxide level) after 2 hours. The asymp
totic limit is obviously the theoretical oxidation number value
of 2.0. However, formaldehyde under the same conditions (5)
is completely oxidized to the carbon dioxide level in a half hour
or less. This indicates that formaldehyde does not pass through
a formic acid intermediate step since this would require that the
formic acid intermediate be in an activated form more susceptible
to oxidation than formic acid in its normal state.
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where Q is the percentage of ethylene glycol and R is the percen
tage of diethylene glycol in the mixture. Simultaneous solution
yields:

K than desired. Although oxidation of the sample mixture at
the respective levels can be made on samples of different sizes,
the simplest case results when the same sample size is used.
For such a case, substitution of the respective calibration co
efficients results in the expressions:

0.1611 PQ + 0.1885 PR = lOOK.

0.1611 PQ + 0.1508 PR = 100K2

which were in error by as much as 3% but generally somewhat
less. The precision measure, however, was still ±0.1 to 0.3%.
These results in 12.5% sulfuric acid solution were not unexpected
in view of the tendency toward incomplete oxidation of ethylene
glycol even after 4 hours.

Apparently the results obtained by the iodometric method
were more accurate than those obtained by the spectrophoto
metric method. (The precision was somewhat inferior.) How·
ever, these results are compared against K values calculated using
calibration coefficients determined by the spectrophotometric
method. This is not quite fair, for it has already been seen that
the results obtained by the two methods (Table I) are not in
complete agreement. If the iodometric K values are compared
against K values calculated using the oxidation numbers for
diethylene glycol according to Table I, the results are more con
cordant.

Q

(50% sulfuric acid)

(25% sulfuric acid)

lOOK. - 500.0 (K. - K 2)

(0.1611) (P)

R _ (K. - K 2) (IDe)
- (0.0377) (P)

(4)

(5)

0.00
-0.30
-0.40

-1.1

+0.12
-0.43

-0.05
-0.01

+1.2

-0.17
-0.14

+0.09
-0.09

+2.1

Deviation K, %

+0.13
-0.12
-0.26
-1.2

+0.40
+0.03
-0.02

-0.27
-0.03
+2.4
+1.9

+0.39
+0.46
+1.6
+1.1

-0.35
+0.32
+3.0

Spectro. Iodom.

Compos. Deviation, %
Ethylene Diethylene
glycol (q) glycol (r)

+26.1 -3.3
+ 4.7 -2.8
+1.0 -0.2
-2.2 +5.5
-1.2 +9.6

These expressions were used for calculating the percentage
compositions of the mixtures from the data in Table V. The
results are shown in Table IV.

An accuracy good to within ±5% of the respective glycol con
tents was realized except when the glycol content of either com
ponent was less than 30%; in this case the accuracy dropped
sharply. The accuracy of these results is not equal to the ex
pectations in view of the accuracy with which the K values may
be determined. Of course, two independent determinations are
made with the possibility that the error in each measurement may
be additive. Even so this would only account for an over-all
maximum error of approximately 0.6%.

The explanation' lies in the consideration of the expression for
R and the term 0.0377 therein.
This constant, 0.0377, is funda
mentally a reflection of the
difference in the oxidation of
diethylene glycol at the two
oxidation levels, 1 and 2-that
is, a change of oxidation
number from 20 to 16. This
difference in oxidizability is
only a change of one fifth, yet
this measured difference must
represent the whole (for ethyl-
ene glycol exhibits constant
oxidation behavior). Obvi
ously; then, an additive error
in the K values of 0.6% when
magnified fivefold results in an
error in the percentage com
position of the magnitude ob
served.

Thus, it is clearly .seen that
although the oxidation char
acteristics of the binary mix
ture of ethylene and diethylene
glycol turned out to be the
simple case type (involvingdif
ferential oxidation of only one
of the components), it is not
necessarily the system which is
the most accurately analyti
cally resolved. Good results
are obtained only when the
differentially oxidizable com
ponent shows a large change in
oxidation number at the re
spective oxidation levels.
Whether the accuracy of the
differential oxidation method
can be improved by employing

Total
Glycol
Recov

ered, %
100.1
99.8

100.4
100.2
99.9

6.882
6.718
6.636
66.36

K Calcd.

(1)

(2)

(3)

6.890
6.689

6:563

Q R

14.5 85.6
;'5.8 64.0
50.0 50.4
67.6 32.6
88.5 11.4

Compos .. Expt.
1-2, %

K (exp.)a

K2
6.961
7.066
6.704
6.704
6.710

6.891
6.710
6.619
6.558

Spectro. Iodom.

41.98 mg. of mixed glycols taken

42.81 mg. of mixed glycols taken

7.518 7.476 7.489
6.704 6.664 6.673
6.366 6.264
6.331 6.294 6.264

42.44 mg. of mixed glycols taken

7.225 7.196 7.196
6.704 6.682 6.702
6.454 6.429 6.455

45.80 mg. of mixed glycols taken

8.172 8.200 8.204
7.066 7.067 7.068
6.654 6.499
6.625 6:577 6.499

45.66 mg. of mixed glycols taken

8.434 8.472 8.464
6.961 6.933 6.939
6.358 .. , 6.175

6.303 6.175

(50% sulfuric acid)

(25% sulfuric acid)

(12.5% sulfuric acid)

8.434
8.172
7.518
7.225
6.891

K2C"O,
Taken, Meq.

Solution 1:

2 10.000
2 8.500
4 8.500
2 8.500

Solution 2:

2 10.000
2 8.500
4 8.500
2 8.500

Solution 3:

2 8.500
2 8.500
4 8.500
2 8.500

Solution 4:

2 8.500
2 8.500
2 8.500

Solution 5:

2 8.500
2 8.500
4 8.500
2 8.500

Oxidation of Ethylene Glycol-Diethylene Glycol Mixtures at 100° C.
Oxid.
Time,

Hr.

% %
Ethylene Diethylene
glycol (Q) glycol (R)

11.45 88.55
34.23 65.77
49.45 50.55
69.13 30.87
89.64 10.36

l\1ixture
(P)Mg.

45.66
45.80
42.81
42.44
41.98

CALCULATION OF PERCENTAGE COMPOSITION

The general expressions for oxidations at the different levels are:

a Average of duplicate determinations; all values corrected for blank
b 60 m!. oxidation volume; 20.0 mI. of 0.5N K2C"O,. •

Table IV. Determination of Percentage Composition of Ethylene Glycol-Diethylene
Glycol Mixtures by Spectrophotometic Method

Solution Mixture

1
2
3
4
5

No.

P.Qa. + P1Rb. + = lOOK.

P2Qa. + P 2Rb2 + = 100K2

P,Qa, + P,Rb, + = lOOK,

Table V.

H2S0.,
No. Vol. %

1b 50
2 25
3 12.5
4 12.5

5b 50
6 25
7 12.5
8 12.5

9 50
10 25
11 12.5
12 12.5

13 50
14 25
15 12.5

16 50
17 25
18 12.5
19 12.5

Although there are available three expressions for this two
component system, only two are needed. Mathematically,
three pairs, the 1.2, 2-3, and 1-3 could be employed. Only the
1-2 pair is analytically useful when it is recalled that the oxidation
of ethylene glycol in 12.5% sulfuric acid solution was compara
tively slow and resulted in a larger error in the measurement of
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oxidation conditions such that both components are differentially
oxidized, preferably to specific oxidation levels, is still to be
determined.
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Chromatographic Separation of Glycols and
Monohydric Alcohols

STEPHEN DAL NOGARE

Polychemicals Departrnent, Experimental Station, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.

A rapid separation procedure was required for analyzing decigralll quantities of
glycollllixtures and aicohollllixtures. Distillation procedures for effecting these
separations required large salllpies and were not applicable to all glycollllixtures.
The current work was undertaken to Illodify a procedure for the separation of
alcohols by partition chrolllatography and to extend this technique to the sepa
ration of glycols. The separations were performed on silicic acid and silicic
acid-Celite columns. In both cases the immobile phase was water; the alcohols
were resolved with mixtures of carbon tetrachloride and chioroforlll, the gly
cols with butanol and chloroform. The procedures were found suitable for the
sepaJ:ation of mixtures of C I to C5 normal alcohols and the C2 to C. glycols. Iso
alcohols were not distinguished from the norlllal alcohols, and only those gly
cols containing vicinal hydroxyl groups could be measured. In general, the
separations were well defined and gave recoveries of 90 to 110%.

RAPID and accurate methods have not been available for the
separation of mixtures of either monohydric alcohols or

glycols. Although precision distillation is often employed for
such separations, this exacting technique requires relatively large
amounts of material. In the case of certain glycols, the vapor pres
sure relationships are such that efficient resolution of mixtures is
difficult if not impossible. The procedures developed in this
laboratory employ partition chromatography for the quantitative
separation of the lower monohydric alcohols and also the lower
glycols.

These methods are an extension of the recent work by Neish
(3, 4), who reported the analysis of 2- to 3-mg. quantities of al
cohol and glycol mixtures by partition chromatography on Celite
water columns. Upon repeating Neish's work it was found that
preparation of suitable Celite columns was difficult even with the
greatest care. Also, the procedure was applicable only to small
samples and in this laboratory gave variable recoveries when
tested with: known alcohol mixtures.

In this investigation separation procedures were developed for
mixtures of the lower alcohols and glycols on silicic acid and silicic
acid-Celite columns containing water as the immobile aqueous
phase. Carbon tetrachloride-·chloroform and chloroform-n
butyl alcohol, respectively, were used as developing solvents.
Contrary to expectations, only small amounts of the various hy-

droxy compounds studied were irreversibly retained on these
supports.

APPARATUS

Chromatographic apparatus, the assembly shown in Figure 1,
is used to carry out the separations of alcohol mixtures and glycol
mixtures. Except for some modifications, this equipment is that
described by Marvel and Rands (2). The head assembly is
designed to permit adsorbent packing and continuous operation
under air or nitrogen pressure. By manipulation of appropriate
stopcocks, different solvents may be added successively to the
head reservoir without interruption of flow through the column.

Both reservoirs are large enough to permit addition of the neces
sary volume of a given solvent at one time. A spherical joint
connects the column to the head assembly and simplifies packing
and cleaning. A manometer near the pressure inlet and a stop
cock at the bottom of the column permit close control of the flow
rate.

REAGENTS

Silicic acid, Mallinckrodt's chromatographic grade (100 mesh),
analytical reagent.

Carbon tetrachloride, analytical reagent, extracted once with
an equal volume of water before use.

Chloroform, analytical reagent. This material contains ethyl
alcohol as a preservative, which is removed by extracting five
times with an equal volume of water. Washed chloroform is un
stable and should be prepared as needed.
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Figure 1. Partition Chromatography
Apparatus

n-Butyl alcohol, analytical reagent. Free acids in this material
are removed by simple distillation from sodium carbonate.

Sodium metaperiodate (NaIO.), analytical reagent, 0.05M
aqueous solution.

Sodium hydroxide, 0.05N aqueous solution, standardized.
Potassium dichromate, 0.04N in 18N sulfuric acid solution.
Sodium thiosulfate, 0.02N aqueous solution, standardized.
Starch indicator solution, 1% aqueous solution.
Alizarin Yellow R indicator solution, 0.2% in 50% aqueous

ethyl solution.
Ice, crushed and washed.

Equivalents
of Dichromate per

Mole of
Alcohol

6.04
3.94
4.92
1.93
4.63
5.36
4.56
3.38

Equivalent
Weight

5.3
11.7
12.2
31.1
16.0
13.8
19.3
30.3

Molecular
Weight

32.0
46.1
60.1
60.1
74.1
74.1
88.2

102.2

10 11 12 13 14 15 16 17 19 19 20 21 22 23 2425 Z6P

FRACTION NO.

Alcohol

Methyl
Ethyl
n-Propyl
Isopropyl
n-Butyl
Isobutyl
n-Amyl
n-Hexyl

70

Table I. Oxidation Equivalents of Monohydric Alcohols
by Dichromate Oxidation

Figure 2. Separation of C\ to C s Monohydric Alcohols by
Partition ChrOlnatography

volume of distilled water before use. A flow rate of 2 to 3 m!. per
minute is maintained using air or nitrogen pressure. Each suc
ceeding solvent is added when about 10 m!. of the preceding sol
vent are left on the column. The percolate is collected in 25-mI.
volumes and transferred to 125-m!. Erlenmeyer flasks. Each
is analyzed for its alcohol content by dichromate oxidation.

Analysis of Fractions. To each of the 25-m!. percolate fractions
are added 10 m!., or some multiple of this volume, of the 0.04N
dichromate reagent from a pipet. As much as 40 mI. of the re
agent may be needed to provide an excess if a fraction contains
15 to 20 mg. of an alcoho!. An excess of dichromate is present if a
yellow-green color persists in the aqueous layer. The mixture
is allowed to stand for 25 minutes with occasional swirling.
About 100 m!. of water and 2 to 3 grams of potassium iodide are
added. The solution is vigorously swirled and allowed to stand
for 5 minutes, after which it is titrated with 0.02N thiosulfate
to the usual starch end point.

The highest nearly constant titration value or the appropriate
multiple of it is taken as the blank from which all other values
are subtracted. A plot of the net titration values against fraction
number should closely approximate Figure 2. The amount of
each alcohol present in the original sample is calculated from the
dichromate oxidation equivalent of the alcohol corresponding to a
given percolate fraction. The alcohol content of a given frac
tion is calculated using the equivalent weights given in Table I.

Alcohol mg. = (thiosulfate for blank m!. - thiosulfate for
sample, m!.) X normality of thiosulfate X eq. wt. of alcohol.

PROCEDURE FOR GLYCOL MIXTURES

Separation. The adsorbent is prepared by thoroughly mixing
15 grams of a 1 to 2 mixture of Celite-silicic acid with 9.5 m!. of
water which has been saturated with 1 to 4 n-butyl alcohol in
chloroform. As in the alcohol separation, the resulting mixture
is worked into a smooth slurry with 80 m!. of chloroform and
packed into the column under pressure. An additional 50 mI. of
chloroform are forced through the adsorbent to complete the
packing.

Two milliliters of 1 to 4 n-butyl alcohol in chloroform, contain
ing about 200 mg. of the glycol mixture accurately weighed, are
pipetted onto the column. When the sample has just entered
the adsorbent, two 2-m!. portions of the same solvent are added
to wash the sample into the column. Elution of the glycols is
carried out with the following order of solvents:

NITROGEN OR
AIR

HEAVY WALL TUBING
18 mm. 1.0.

I
16"

L

PROCEDURE FOR MONOHYDRIC ALCOHOL MIXTURES

Separation. To 20 grams of silicic acid in a 250-m!. beaker are
added 12.5 m!. of water. The mixture is stirred until it appears
homogeneous. Approximately 80 m!. of carbon tetrachloride are
added, and the mixture is stirred until a smooth slurry results.
More or less than the 12.5 m!. of water may be required to pro
duce a smooth slurry. The correct volume is determined by
tria!. A cotton pledget is placed in the constriction of the appa
ratus and the adsorbent slurry poured into the tube. Enough
pressure is applied to give a rapid flow rate. The column should
be tapped frequently during this operation to ensure uniform
settling of the adsorbent.

When the top of the adsorbent column is almost dry the lower
stopcock is closed, and 50 m!. of carbon tetrachloride are added.
The solvent is percolated through the adsorbent at a fast rate.
Care should be taken not to disturb the surface of the column
when the solvent is added. When the last of the carbon tetra
chloride just enters the top of the column, the lower stopcock is
closed and the pressure released. A satisfactory column results
when no cracks or voids are visible and the top of the adsorbent
column appears firm. The head assembly is removed, and a circle
of filter paper is placed on the column.

An accurately known weight of the alcohol mixture (about 100
mg.) in 1 to 2 m!. of carbon tetrachloride is pipetted onto the
column. The sample solution is allowed to enter the adsorbent
by gravity. The sample is washed into the column by the suc
cessive addition of two 2-m!. portions of the solvent. When the
last wash has just entered the column the lower stopcock is
closed, the head assembly attached to the column and the alcohols
eluted with the following sequence of solvents:

100 m!. of carbon tetrachloride
100 m!. of 1 to 3 chloroform-carbon tetrachloride
100 m!. of 1 to 1 chloroform-carbon tetrachloride
175 m!. of chloroform
200 m!. of 1 to 9 acetic acid-chloroform

Each of the solvents (except the last) is shaken with an equal
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Figure 3. Separation of C 2 to C. Glycols by Partition
Chromatography

20.9
20.7

between n-butyl and isobutyl alcohols.
In each case both alcohols appeared in the
same fractions as the normal alcohols.

Mixtures of n-hexyl and n-amyl alco
hols could not be adequately separated
by the recommended procedure. Some
resolution was obtained with petroleum
ether as solvent, but the chromatographic
peaks were not distinct. In view of these

results the procedure in its present form is suited only to the
separation of the C1 to C. alcohols without distinction between iso
mers. Some analyses of known mixtures are reported in Table II.
In all cases the alcohols were the best obtainable commercially.

The recoveries from a number of separations similar to those
in Table II ranged from 83 to 111 %. Methyl alcohol generally
gave the lowest recovery, possibly because of some irreversible
adsorption on the silicic acid. This recovery range could be
improved by combining all fractions for a single alcohol (or
glycol) and performing only one analysis rather than the three
to seven separate analyses as in the present procedure.

Upon applying the alcohol separation procedure to mixtures
of glycols it became evident that these compounds were much
more strongly retained in the immobile aqueous phase than the
simple alcohols. Consequently a solvent sequence of greater
polarity was required. Solutions of n-butyl alcohol in chloro
form, similar to those used to separate dibasic acids (2), were
most effective. The high proportion of butyl alcohol in these
developing solvents resulted in greatly decreased flow rates
through the silicic acid-water columns. This difficulty was
obviated by the use of I to 2 mixtures of Celite and silicic acid
which permitted excellent throughput without use of pressure.

The degree of separation achieved by the recommended pro
cedure is shown in Figure 3. In this case the mixture consisted of
10 mg. each of 1,2-butylene, glycol (1,2-butanediol), 2,3-butylene
glycol (2,3-butanediol), and 1,2-propylene glycol (1,2-propanediol)
with 170 mg. of ethylene glycol. This mixture and those shown
in Table III were prepared to simulate impure samples of ethylene
glycol; therefore this glycol was not collected.

1,2-Butylene glycol was eluted with I to 3 n-butyl alcohol in
chloroform, 2,3-butylene glycol and 1,2-propylene glycol were
removed with I to I n-butyl alcohol in chloroform, and ethylene
glycol could be completely eluted with n-butyl alcohol. Results
obtained with three known mixtures are shown in Table III.
In each case approximately 200 mg. of the mixture were analyzed.

The analytical procedure used for the analysis of the chro
matographic fractions is that of Dal Nogare and Oemler (1).
This method employs periodate cleavage of vicinal hydroxyl
groups and is specific for glycols which have hydroxyl groups on
adjacent carbons. Consequently only glycols containing this
grouping were studied in this work.

110
100
126

106
103
101

100
91
99

RecoveryFound

2.0 2.2
2.3 2.3
2.2 2.8

93.4

8.3 8.3
8.8 8.0
9.8 9.7

73.2

19.0 20.2
18.1 18.6
1[1.9 20.0
43.0

Known

(NaOH ml. blank - NaOH ml. sample)
X normality NaOH X mol. wt. of glycol

Analysis of Glycol Mixtures by Partition
Chromatography

Composition, %Glycol
Components

1,2-Butylene
2,3-Butylene
1,2-Propylene
Ethylene

1,2-Butylene
2,3-Butylene
1,2-Propylene
Ethylene

1,2-Butylene
2,3-Butylene
1,2-Propylene
Ethylene

Analysis of Known Alcohol Mixtures by Partition Chromatography
_"',----;_1_,,_ 2 3 4

Atlded, Rec., Added, Rec., Added, Rec., Added,
~ % ~ % ~ % ~

17.7 97.0 17.7 87.0 20.4 82.8
18.2 89.4 18.2 91.7 18.7 102.1
17.0 90.7 17 . 0 96.1 25.1 103.2
15.1 89.9 15.1 101.9 18.9 111.1

19.4 104.7

2

3

Alcohol
Methyl
Ethyl
n-Propyl
n-Butyl
n-Amyl

DISCUSSION

Monohydric alcohols are determined in the chromatographic
fractions by means of dichromate oxidation. Oxidation equiva
lents of a number of alcohols are given in Table I. As can be
seen from these values, between 2 and 6 equivalents of dichromate
are involved in oxidation. Isopropyl alcohol is oxidized to ace
tone. Although most of these oxidation equivalent weights are
empirical, they' are reproducible.

Identification of a chromatographic peak is made from its lo
cation on a chromatogram such as Figure 2. In this experiment,
approximately 20 mg. of each alcohol were added to the column
and separated by the recommended procedure. Excellent res
olution of the mixture was obtained, the alcohols appearing in
this order: n-amyl, n-butyl, n-propyl, ethyl, and methyl. At
tempts were made to improve the separation between amyl and
butyl alcohols by the use of less polar solvents, particularly hy
drocarbons, but without success. 'When mixtures of isopropyl
and n-propyl alcohols were subjected to the separation procedure,
no resolution was obtained. Simila,rly no separation occurred.

lVIixture No.

Table II.

Table III.

110 ml. of I to 4 n-butyl alcohol-chloroform
100 mi. of I to I n-butyl alcohol-chloroform
60 ml. of n-butyl alcohol
Each of the solvents is equilibrated with an equal volume of

water before use and added to the column when about 10 ml. of
the previous solvent remains. Successive 10-mi. fractions are
collected using a flow rate of 2 to 3 ml. per minute. Normally,
pressure is not required to attain this rate. When the last frac
tion is collected, the column stopcock is closed and the column
retained until it has been established that all of the ethylene
glycol (if present) has been eluted. If some ethylene glycol
remains on the column, it is removed by percolating more n
butyl alcohol through the adsorbent, collecting several additional
fractions.

Analysis of Fractions. Each percolate fraction is transferred
to a 500-ml. wide-mouthed Erlenmeyer flask and 10 m!. of 0.05M
sodium metaperiodate solution are added. The solutions are
allowed to stand 25 minutes with occasional swirling. One
hundred milliliters of water, 2 ml. of Alizarin Yellow R indicator
solution, and washed, crushed ice are added. Enough ice should
be present to maintain the temperature of the solution at about
0° C. during the subsequent titration. Excess periodate is
titrated .with 0.05N sodium hydroxide to the indicator change
from yellow to orange.

The first five fractions may be discarded. The next three
fractions are collected and used as blanks for the titration. The
glycols appear in subsequent fractions as shown in Figure 3.
The glycol content of each fraction is calculated from the equa
tion:

Glycol, mg.
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Compounds such as diethylene glycol and 1,4-butylene glycol
(1,4-butanediol) do not interfere with the separation and de
tection of the glycols studied in this work. It is possible that
these and other nonvicinal glycols can be separated by partition
chromatography, but this study will require the development
of an accessory method for their determination. Dichromate
oxidation was considered for this purpose but could not be used
because of the n-butyl alcohol present in the developing solvents.
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Determination of Elemental Fluorine
IRVING SHEFT, HERBERT H. HYMAN, AND JOSEPH J. KATZ

Chemistry Division, Argonne National Laboratory, Lemont, Ill.

In connection with an investigation of halogen fluo
rides, it appeared practical to adapt the brollline
8uorine reaction as an analytical lllethod for fluo
rine. Brollline, dissolved in brollline trifluoride, can
be titrated with fluorine gas at rOOlll telllperature.
The reaction is quantitative and the end point is
readily detected by the discharge of the brollline
color. Using this procedure, the purity of several
fluorine salllples has been deterlllined to ±2%.
The uncertainty of the titration, which is Iilllited
by the error in reading the fluorine pressure, should
be reducible to about 0.1% by use of a lllore sensitive
pressure-llleasuring device. It is possible to elll
ploy the titration to deterllline brollline, or sub
stances which yield brollline on reaction with bro
Dline trifluoride. These include Dletals, oxides, and
halides other than fluorides. The titration can also
be adapted for the deterDlination of broDline penta
fluoride.

F LUORINE is usually prepared by the electrolysis of a molten
potassium fluoride-hydrogen fluoride bath, using a steel

cathode and a carbon anode (1). Fluorine so produced contains
hydrogen fluoride from the bath, carbon fluorides from reaction
with the anode, and air due to leakage. The hydrogen fluoride
is easily removed from fluorine by treatment with sodium fluoride.
The other contaminants, however, are very difficult to remove,
and laboratory-generated or commercial tank fluorine will con
tain variable amounts of these almost unavoidable impurities.
For many purposes it is important to know the purity of the
fluorine, but many investigators have neglected fluorine purity
because of the difficulties of analysis.

At present two methods of fluorine determination are com
monly used. The first consists of reaction of a known volume of
fluorine with mercury and measurement of the residual gas after
fluorine has been converted to mercury fluoride (7). The second
consists of reaction of a known volume of fluorine with sodium
chloride and determination of the chloride by absorption in alka
line arsenite (5). The first method has several drawbacks,
most important of which is the formation of a mercury fluoride
scum on the surface of the mercury. This makes readings of the
mercury level difficult and inaccurate, especially where fluorine is
II> major constituent. This method is primarily useful for the
determination of small amounts of fluorine in other gases inert
to mercury. The second method is complicated and involves a
rather large number of chemical operations. Loss of some of the
residual gases in the various absorbents can lead to error in analy-

sis of the inert components. Bibliographies and additional meth
ods of analysis have recently appeared in the literature (3, 6).

In the course of other work, a procedure has been developed
which can readily be applied to fluorine determination. This
method depends on the fact that elemental fluorine reacts
smoothly and quantitatively with bromine in the liquid phase
according to the reaction 3F2 + 2Br2 -+ 2BrF3• Bromine tri
fluoride (boiling point 127 0 C.) itself is an excellent solvent for
carrying out this reaction. The method involves the titration
of a known amount of bromine dissolved in bromine trifluoride
with the fluorine gas to be analyzed. A visual end point, the
disappearance of the red-brown bromine color to give the light

KEL-F
TITRATION CELL

Figure 1. DiagraDl of Apparatus

yellow of a fluorine-saturated bromine trifluoride solution, is
easily discernible. The inert components can then be collected
if desired for further analysis. This titration analysis is especially
useful where fluorine is the major constituent.

MATERIALS

The bromine trifluoride was obtained from the Harshaw
Chemical Co. and purified by vacuum distillation in a nickel
still. Bromine, bromine pentafluoride, hydrogen fluoride, and
nonvolatile fluorides are the major impurities. The fraction
used (boiling point 95-95.5 0 C. at 250 mm.) was pale yellow
in color and was stored in a welded nickel container. The
fluorine was obtained from the Pennsylvania Salt Co. and was
used directly from the tank. The purity of the fluorine in two
cylinders employed in this work was greater than 99%. Another
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cylinder which was analyzed contained 95% fluorine, and an
isolated shipment of two cylinders has been found to contain
less than 80% fluorine.

APPARATUS

The titrations were carried out in the nickel apparatus shown
in Figure 1. The fluorine-measuring tank is a welded nickel
tank fitted with Hoke nickel-alloy diaphragm valves (Nos. 411
and 413). An 8 1/ 2-inch K-Monel Bourdon tube Helicoid gage
(No. 462), 0 to 1500 mm. absolute, was used to measure the
fluorine pressure in the tank. The volume of the tank and gage
was determined at several pressures by expanding gas from a
standard volume into the tank and noting the pressure change.
After correction for the connecting tubing, the volume was
found to be 1125 ± 2 ml. at 25° C. The tank was enclosed in
a Lucite box to minimize temperature fluctuations.

The titration cell is a molded Kel-F (cWorotrifluoroethylene
high polymer) (8) tube, '/. inch in outside diameter, with a stand
ard S.A.E. 3/. inch flare. These tubes are transparent and
have been made in several ways. Machining from commercially
available I-inch rod is simplest, but gives the least transparent
tubes. The Argonne Plastics Shop has produced reasonably
Qlear tubes by molding directly from Kel-F powder, but with
only intermittent success. Molding bottoms and flares on
lengths of commercially available extruded tubing, '/. inch in
outside diameter, gives the clearest tubes, but the technique
is not yet fully developed. Directions for preparation of suitable
tubes will be published when the methods have been fully
explored. The fluorine delivery tube is an l/S inch nickel tube,
long enough to dip below the surface of the solution in the cell.

TITRATION PROCEDURE

The bromine used in the titration was measured either by
weighing, or from micropipets calibrated "to deliver." The
bromine-bromine trifluoride solution can be prepared in various
ways. For example, bromine trifluoride may first be placed in
the titration vessel, either by pipetting or from the storage
vessel. The authors have found a volume of about 8 ml. to be
convenient. The bromine trifluoride is then pumped on for a
short time at room temperature to remove any traces of volatile
impurities such as bromine or bromine .monofluoride (boiling
point 15° C.) which may have formed since the initial purifica
tion. The titration vessel is then filled with dry nitrogen and
removed momentarily from the line, and a known volume of
bromine is added by pipet. The titration vessel is then replaced
on the line, the contents are frozen in liquid nitrogen, and the
system is evacuated. After warming to room temperature,
fluorine is added from the fluorine reservoir until the deep
bromine color is discharged. The end point is sharp and is
readily detected by visual comparison of the reaction mixture
with pure bromine trifluoride in a similar· Kel-F tube.

Alternatively, bromine may be weighed into the empty titra
tion vessel, which is then attached to the line and frozen with
liquid nitrogen, and the vessel is evacuated. Bromine tri
fluoride is then delivered from the storage vessel by application
of helium pressure. The volume between the two valves is
about 8 mI., and after this portion of the line has been filled with
bromine trifluoride, the lower valve is opened and the proper
amount of bromine trifluoride allowed to flow into the titration
vessel. The titration can then be carried out as before. This
procedure was used in samples 1 and 4.

When the fluorine contains large amounts of inert gases, it
may be necessary to bleed the inert gases from the titration cell
in order to add enough fluorine to reach the end point. This'
may be done by interrupting the titration, venting the gases,
and continuing the titration until the end point is reached. The
inert gases may readily be allowed to expand into an evacuated
container and submitted for mass spectrographic analysis.

The reaction of fluorine with bromine dissolved in bromine
trifluoride is rapid, smooth, and complete at room temperature.
At temperatures above 50° C., the reaction of fluorine with bro
mine trifluoride to yield bromine pentafluoride becomes appreci
ably fast. To avoid error as a result of this side reaction, it is
important to carry out the titration at temperatures below 30° C.,
where the rate of bromine pentafluoride formation is negligibly
small.

RESULTS AND DISCUSSION

The results of a number of determinations are given in Table I.
The accuracy of the titration is limited by the 2- to 5-mm. error
in reading the fluorine pressure. vVith a fluorine consumption
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corresponding to a 300-mm. change in pressure, an uncertainty of
about 2% may be anticipated. When greater accuracy is de
sired, a balancing device such as a differential pressure trans
mitter or a Booth-Cromer gage (2, 4) may be employed. A
sensitive gage or manometer may be used to measure the inert
gas side and determine the fluorine pressure to ±O.l mm. Using
such equipment and bromine samples of about 1 gram, the un
certainty in the titration should be readily reducible to about
0.1%.

To illustrate a complete analysis of commercial fluorine, the
inert gases from a sample of the 95% fluorine were collected and
analyzed mass spectrographically by the Consolidated Engi
neering Corp., Pasadena, Calif., with the following results:
nitrogen 62.8%, oxygen 28.0%, carbon monoxide 3.2%, argon
0.6%, hydrogen <0.11 %.

Table I. Deterlllination of Fluorine by Titration with
Brollline in Brollline Trifluoride Solution

Fluorine :Fluorine

Fluorine
Equivalent Sample %F,

Bromine, to Bromine, Used, in
Samplea Grams C<>. (STP) Cc. (STP) Sample

1 1.520 638 631 101.0
2 0.609 255 259 98.5
3 0.609 255 256 99.6
4 0.609 255 261 97.7b
5 0.609 255 258 99.0
6 0.609 255 271 93.7
7 0.609 255 264 96.5
8 0.609 255 267 95.5

a Samples taken from three different fluorine cylinders obtained from
Pennsylvania Salt Manufacturing Co. Samples I, 2, and 3 came from one
cylinder, 4 and 5 from a second, and 6, 7, and 8 from a third.

b A sample of fluorine from this tank was also analyzed by the mercury
absorption method and found to contain >99% fluorine (9).

The bulk of the inert impurity is obviously air. The presence
of carbon monoxide is rather surprising, and illustrates the desir
ability of detailed information about fluorine used in experimen
tation.

OTHER ANALYTICAL APPLICATIONS

Using fluorine of known purity, it is possible to employ the
titration to determine bromine, or substances that yield bromine
by reaction with bromine trifluoride. These include metals,
oxides, and halides other than fluorides, all of which yield bromine
on reaction with bromine trifluoride. Some of these reactions
liberate substantial amounts of heat and are best performed in a
metal (nickel or Monel) titration tube. When the titration is
carried out in metal tubes, an alternative to the disappearance
of bromine color as a criterion of the end point is used. In this
procedure, fluorine is added until uptake ceases. The excess
fluorine is then pumped out, and the cell is again filled with fluo
rine. This latter amount of fluorine is then an overtitration cor
rection, and by subtraction from the first amount of fluorine
used, gives the fluorine actually used in the titration. The
fluorine must be of such purity that the back-pressure of the inert
gases does not exceed the fluorine pressure in the measuring tank.

The titration can also be adapted for the determination of
bromine pentafluoride. It has been shown that bromine will
react quantitatively with bromine pentafluoride at temperatures
above 150° C. It should be possible, therefore, to add excess
bromine to the sample in a nickel titration tube which is frozen
and evacuated as described. The tube is then heated at 150° to
200° C. to complete the reaction

3BrF, + Br2 -+- 5BrF,

The residual bromine is back-titrated at room temperature with
fluorine. Presence of bromine trifluoride, a common impurity in
bromine pentafluoride, obviously will not interfere with the analy
sis, and this procedure then beeomes particularly useful in deter
mining bromine pentafluoride ill bromine trifluoride.
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Determination of Maleic Hydrazide Residues in
Plant and Animal Tissue

PAUL R. WOOD

Naugatuck Chemical, Division of United States Rubber Co., Naugatuck, Conn.

Maleic hydrazide, 1,2-dihydropyridazine-3,6-dione, is a growth regulant or re
tardant. Because it is useful on certain food crops, it is iInportant to determine
the residues in a large number of plant and animal tissues as a prerequisite to
registration of the chemical for agricultural use. A method is presented whereby
the hydrazide is reduced and hydrolyzed in water, alkali, and zinc, to split off
hydrazine, which is then distilled and determined colorimetrically using p
dimethylaminobenzaldehyde. Residue determinations of below I p.p.m. are
possible. The procedure can probably be used without major modifications for
other CODIpounds that will forDI hydrazine under the conditions of this method.

M ALEIC hydrazide (8) (1,2-dihydropyridazine-3,6-dione) is a
growth regulant or retardant. Because it is useful on cer

tain food crops, it is important to determine the residues in a large
number of plant and animal tissues as a prerequisite to registra
tion of the chemical for agricultural use. Maleic hydrazide(I)
probably exists in tautomeric equilibrium.
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It is stable to both acidic and basic hydrolysis, as evidenced by
the fact that heating for several hours at temperatures up to
200° C. in 18N sulfuric acid or concentrated sodium hydroxide
causes no breakdown. Some decomposition does occur in con
centrated sodium hydroxide at higher temperatures. However,
after reduction, ring opening by hydrolysis readily occurs, yielding
a quantitative amount of hydrazine which can be distilled out
under favorable conditions. Many reduction-hydrolysis systems
were evaluated, resulting in the present selection of zinc plus
alkali in water.

Of the possible quantitative methods for determining small
amounts of hydrazine, the colorimetric method of Pesez and
Petit (5) was selected because of minimum interference from
naturally occurring substances. A recent publication by Watt
and Chrisp (7) also describes use of this method. According to
Pesez and Petit, hydrazine reacts with p-dimethylaminobenz
aldehyde to give an azine, the acid salts of which are an intense

red (yellow in dilute solution). Solutions of these water-soluble
salts obey Beer's law and are stable after maximum color is de
veloped in 10 to 15 minutes.

The p-dimethylaminobenzalazine formed in alkaline solution
gives canary yellow crystals, insoluble in water and slightly solu
ble in alcohol, melting point 264-6°. In an acid, HX, isomeriza
tion to a p-quinone structure(II) occurs, giving dark red crystals,
melting point 224°; it is a reversible reaction. This method is
sensitive to O.I-y per m!. Based on this information, absorption
and concentration curves were made from purified hydrazine
monosulfate and p-dimethylaminobenzaldehyde.

(CHa)2N«" )CH N-NH-CH=< )=N(CHa)2X-

II

REAGENTS

Reagent grade p-dimethylaminobenzaldehyde was further
purified by the procedure described by Adams and Coleman (1).
The purified product was washed free of chloride and dried to a
constant weight in a vacuum desiccator over calcium chloride.
If passed through a 60-mesh screen prior to final drying, the
resulting product will dissolve more rapidly. The dried com
pound or dissolved reagent should be stored in the dark. The
reagent should be prepared fresh daily by dissolving 0.20 gram
in 5 m!. of 2N sulfuric acid.

Purified maleic hydrazide available from Naugatuck Chemical,
Division of U. S. Rubber Co., Naugatuck, Conn.

Hydrazine monosulfate, c.p., freshly recrystallized from water.
p-Dimethylaminobenzaldehyde, practical grade, purified ac-

cording to (1).
Sodium hydroxide, analytical reagent grade pellets.
Sulfuric acid, analytical reagent grade.
Nitrogen, oil pumped.
Benzene, analytical reagent grade.
Oxygen-free water, freshly boiled distilled water, used while

still hot.
Zinc, analytical reagent grade, 30-mesh granular.
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An excellent discussion (6) on the stability of p-dimethylamino
benzaldehyde in analytical work is of interest.

CHOICE OF WAVE LENGTH

Curves of wave length V8. per cent transmittance are shown in
Figure 1.

All readings were taken on a Model DU Beckman quartz
spectrophotometer using I-em. Corex cells. Curve A was ob
tained by developing maximum color under optimum conditions.
using a solution of 0.5 ml. of reagent plus 5.5 ml. of distilled
water which contained 6-y of hydrazine monosulfate. Distilled
water was used as a blank. The solution for curve B contained
0.5 m!. of reagent plus 5.5 m!. of distilled water, using distilled
water as a blank. Curve C was obtained from the solution for
curve A using the solution for curve B as a blank. The pre
ferred wave length of 455 mIL was thus chosen.

EFFECT OF ACID NORMALITY ON COLOR INTENSITY

The effect of acid normality on degree of color obtained with a
fixed quantity of hydrazine monosulfate (7.5-y) and reagent was
determined using both hydrochloric and sulfuric acids. A blank
containing an equal acid concentration and 0.5 m!. of reagent
was used as a reference source. The curves in Figure 2 were
obtained by plotting acid normality against per cent transmit
tance at 455 mIL. For a given increase in normality, a greater
deviation in per cent transmittance occurs with hydrochloric acid
than with sulfuric acid. The normal working normality used is
about 0.17, obtained by adding 0.5 ml. of reagent to 5.5 m!.
of approximately neutral distillate sample. Decreasing the nor
mality much below 0.17 precipitates the reagent and the azine.

EFFECT OF REAGENT CONCENTRATION ON COLOR DENSITY

To determine the optimum concentration of reagent for maxi
mum color development, samples containing 7.5-y of hydrazine
monosulfate with varying amounts of reagent were run against
blanks containing equal amounts of reagent. From the curve
in Figure 3, 0.02 gram of reagent in the 6-m!. sample was chosen
as the most desirable concentration for normal use.

PREPARATION OF STANDARD CONCENTRATION CURVES

Aliquots of a standard solution (10-y per m!.), representing from
1 to 12-y of hydrazine monosulfate, were brought to a volume of
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5.5 ml' with water and the azine color was developed with 0.5 m!.
of reagent. A curve plotting hydrazine monosulfate concentra
tion against per cent transmittance at 455 mIL is shown in Figure
4, A. Excellent conformity to Beer's law is evident.

A recovery curve obtained by using aliquots of a standard solu
tion of maleic hydrazide (1O-y per m!.) put through the entire
analytical procedure is shown in Figure 4, B. This curvellies
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5 mm.O.O

10 em.

CD

VAPOR LINE

M5872
60 ml.

DOUBLE THICKNESS
fLASK

125 mi.

fUNNEL

and 1 drop of concentrated sulfuric acid in the distillate receiverand
immerse the condenser tube. Place 30 grams of sodium hydroxide
in the 125-ml. flask and add the maleic hydrazide standard
sample (1-y and up) and water to make a total volume of 15 ml.
of water added. Heat on a hot plate until a well temperature
of 180° C. is reached. Silicone oil has proved a safe fluid for
the temperature well. Remove the flask from the hot plate,
wipe the ball joint dry, and apply silicone grease, being careful
to keep it out of the neck of the flask. Add through a funnel
15 grams of 30-mesh granular zinc metal. Swirl the flask once
to distribute the zinc evenly and quickly clamp the flask in
place. Start the flow of nitrogen to remove oxygen from the
system, which might cause autooxidation of the hydrazine
formed. A bubble rate of 100 to 150 per minute as counted
through the condenser tip is sufficient.

Reduction of maleic hydrazide and hydrolysis tv hydrazine
begins at low temperatures. However, hydrazine does not begin
to distill from concentrated sodium hydroxide until a tempera
ture of approximately 140° C. is reached. Therefore, to avoid
low results due to side reactions of the liberated hydrazine, it is
important to reach the distillation temperature af quickly as
possible.

This is best accomplished by heating with a free flame, played
over the bottom of the flask. Throughout the distillation, adjust

GLASS PLUG

CAPILLARY TUBING
6 to 7 mm. 0.0.

I to I~ mm. BORE

CAPILLARY TUBING
6 mm. 0.0.

I to It mm. BORE

THERMOMETER WELL
(lame wall thlckne.. as
flask)

TOP VIEW

Figure 5. Reduction-Distillation Apparatus for Determination of
Maleic Hydrazide

20 A.-+---+-v ,.0' HYDRAZINE
SULfATE

c.---v,.O, MALEIC HYDRAZIDE
THEORETICAL CURVE

80

TO

~ 60

o 3 I
MICROGRAMS IN 6 Ml. COLOR DEVELOPMENT SAMPLE

Figure 4. Effect of p-Dimethylaminohenzaldehyde
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slightly above the theoretical recovery curve, C.
The actual recovery curve might vary slightly with
changes in the distillation cycle but is usually at
least 95% of the theoretical curve.

APPARATUS

From early development work on this analytical
method it was evident that a special reduction-dis
tillation apparatus would be useful. A detailed
drawing of the apparatus in use in this labora
tory at the present time is shown in Figure 5. A
complete apparatus or any part may be purchased
from Macalaster Bicknell, 181 Henry St., New
Haven, Conn. The main feature is the thick
walled flask made necessary by the corrosive action
of concentrated sodium hydroxide at high tempera
tures.

The vapor line of the apparatus should be
wrapped with asbestos tape. A metal valve from an
ordinary rubber suction bulb placed in the tube
connecting the funnel and flask inlet tube is helpful
in preventing steam from blowing back into the in
let tube.

A free flame was found to be most satisfactory
for heating. However, a 200-ml. heating mantle
may be used. A smaller mantle does not have the
required heating capacity.

'rap water for condensing may be adequate in
winter months, averaging below 10° C., but ice
water should be used when water temperature is
above this value.

PROCEDURE FOR OBTAINING STANDARD MALEIC
HYDRAZIDE CURVE

Place approximately 1 ml. of oxygen-free water
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Added to hlank Recovered (including
onion sample interference)

Table I. Typical Data on Residues
Maleic Anhydride, P.P.M.

of the analysis. Adding the sample through a ~unnel will aid in
directing it to the bottom. Wash the sample through the funnel
with 15 ml. of water, add 30 grams of sodium hydroxide, and
heat on a hot plate until a well temperature of 180 0 C. is reached.
This caustic precooking step removes most of the interference
encountered from plant and animal tissues.

When working with a new type of tissue, a recovery curve
should be obtained by adding known amounts of maleic hy
drazide to an untreated check sample in the concentration range
expected. Recoveries from 90 to 100% are usually obtained.
If recoveries with certain samples are not in this range, vary
the amounts of water and caustic used, as well as the tem
peratures involved.

INTERFERENCE

When plant and animal tissues are carried through the reduc
tion-hydrolysis procedure, the distillate sometimes contains ma
terials which interfere with the colorimetric test for hydrazine
by developing a pink color in contrast to the yellow azine. This
interference is additive; however, it can be compensated for or
eliminated where precise or low concentrations of maleic hydra
zide are encountered.

For approximate data it may only be necessary to run several
untreated blank samples of the particular tissue to be analyzed
to determine the average error due to interference, which can
then be subtracted from the total reading. In most cases, the ab
solute value of interference is independent of sample size. There
fore, a I-gram sample will show approximately one third the inter
ference encountered from a 0.3-gram sample, as in the former case
the interference is divided by 3 to obtain parts per million.

0.24-0.26
0.75-0.80
1.30-1.26
5.25-5.27

o
0.50
1.00
5.00

the flow of nitrogen for a bubble rate of 100 to 150 per minute.
During a typical run, the caustic solution starts to boil within
1 or 2 minutes. Within approximately 5 minutes the tempera
ture rises to 180 0 C. When this temperature is reached, remove
the flame and add approximately 10 ml. of oxygen-free water
slowly through the dropping funnel. Apply heat and continue
distilling until a temperature of 180 0 C. is again reached. The
whole operation should not take more than 15 minutes.

A preheater heating mantle can be used if desired, but the dis
tillation cycle should correspond closely to the cycle using a free
flame. Applying about 65 to 80 volts to a 200-ml. mantle i.s
usually sufficient.

Mter the distillation, disconnect and wash the condenser by
sucking the distillate up into the condenser several times, using
a rubber suction bulb with an 18/9 male ball joint attached.
Rinse with only a few milliliters of water to keep the distillate
volume at a minimum. For initial work it may be well to con
nect ~nother condenser in place to collect an additional 5 ml. to
run separately to be sure that all the hydrazine has been col
lected. At times, the one drop of concentrated sulfuric acid
added to the distillate receiver may not be sufficient to keep the
distillate acid. Until the proper amount to add has been deter
mined, check the pH of the distillate with pH paper several
times during the distillation. Use the minimum amount of
sulfuric acid to keep the distillate acid, to prevent a serious
normality change in the final 6-ml. color development sample.

Sometimes it may be more convenient to add an appropriate
amount of reagent (0.5 ml. for every 5 ml. of distillate) in place
of the water and acid. The reagent serves as a pH indicator,
in that it will begin to precipitate before the distillate becomes
neutral.

The 125-ml. flask should be washed as soon as possible after
each distillation or the caustic mass will solidify. Wash the
flask by slowly adding a small stream of water directed to run
down the side of the flask. When the spattering stops, rinse
,vith tap water. Before the flask is re-used, rinse with concen
trated sulfuric acid to be sure that no zinc remains.

To a 5.5-ml. or smaller aliquot of the distillate add 0.5 ml. of
reagent and adjust the total volume to 6 ml. A 1O-ml. precision
mixing cylinder is useful for this work. After 15 minutes
determine the per cent transmittance at 455 mJL, reading against
a blank prepared by adding 0.5 ml. of reagent to 5.5 ml. of
distilled water. Plot per cent transmittance figures, using vary
ing amounts of maleic hydrazide, against concentration to obtain
the standard maleic hydrazide curve. In case the reagent is
added to the distillate receiver, merely adjust the volume accord
ingly prior to determining the per cent transmittance.

EFFECT OF ADDED SUBSTANCES

Compounds which before or after zinc-alkali reduction give the
Ehrlich test (4) give a characteristic pink interference which is an
additive error. Such compounds as pyrrole, pyrogallol, resor
cinol, pyrazoles, and piperidine give a positive test without re
duction, while tryptophan and nicotine do so only after reduction.

Compounds such as diethanolamine, urea, ethylamine, and
formaldehyde give no interference when added to the zinc
alkali reduction mass, unless several grams are added. Ammo
nium hydroxide and sodium cyanide have no effect. Several
milligrams of copper sulfate had no effect, but large quantities
should probably be avoided (2, 3). Sodium bisulfite and other
compounds which break down to sulfur dioxide interfere with the
color development.

DETERMINATION OF MALEIC HYDRAZIDE
IN PLANT AND ANIMAL TISSUES

All samples should be reduced by conventional methods to
approximately 0.5 pint (0.3 liter) in volume. This laboratory
uses a heavy-duty potato French-fry cutter for this work. The
reduced sample is then finely ground and blended. An Osterizer
made by the John Oster Manufacturing Co., Racine, Wis., has
proved very satisfactory for this final grinding and blending.
Some samples require an addition of '/2 part or more of water
to facilitate grinding.

An aliquot of the final blend representing from 0.5 to 3 grams
of original sample is then placed in the 125-ml. reaction flask.
Samples having high starch content, such rus potatoes and sugar
beets, present a serious foaming problem unless a sample weight
of 1 gram or less is used. The sensitivity of the method is such
that 1 gram of sample is usually sufficient for an analysis. In
some cases a larger sample weight only increases the complexity

The situation may arise in which it is not known whether maleic
hydrazide is actually present in a sample, and any color obtained
could all be due to interference, or mostly to interference and only
a small amount to maleic hydrazide. In such cases, an absorp
tion curve should be run to detect the presence of the character
istic dip at 455 mJL.

INTERFERENCE REMOVAL BY BENZENE WASHING

When the caustic precook does not remove essentially all of the
interference, it may be further reduced by washing with benzene.

Increase the acidity of the distillate by adding 1 drop of con
centrated sulfuric acid for every 5 ml. collected, and then vigor
ously wash two or three times with approximately 1O-ml. por
tions of benzene. Mter each wash allow the two layers to
separate by centrifuging and remove the benzene layer with a
vacuum line. After the last washing, bubble nitrogen through
the distillate for several minutes to remove the last traces of
benzene (heating to remove the benzene causes low results).
Add 0.5 ml. of reagent to an aliquot of the distillate. Add
potassium hydroxide ~ropwise until the pre.cipit~ted rea~en\ is
just persistent. Add Just enough IN sulfu:lC aCId to redIsso~ve
and adjust the total volume to 6 ml. In thIS way free hydrazme
in a basic solution never occurs.

LOW RESIDUE WORK

If the maleic hydrazide residue in a sample is of such a level that
the distillate collected contains much less than 1"y of hydrazine
monosulfate in a 5-ml. aliquot, the per cent transmittance will
be above 90% on the concentration curve. Therefore, for the
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most accurate work the hydrazine in the distillate should be
concentrated. This cannot be accomplished by heat evaporation
of the water, because this method produces low results. A
satisfactory method, consisting of precipitating the hydrazine
as p-dimethylaminobenzalazine and redissolving in a smaller
volume of water, has been worked out.

Add 0.5 m!. of reagent for each 5 m!. of distillate to be concen
trated. After complete color development, add dropwise a
saturated solution of potassium hydroxide until precipitation is
complete. Filter through a 15-ml. medium or fine fritted-glass
funnel and wash the precipitate and funnel with a few milliliters
of water. Also wash inside the funnel stem. Place the funnel
in a micro bell jar vacuum filtration apparatus, using a 100ml.
beaker as a receiver. Add 6 m!. of water containing only a suf
ficient quantity of concentrated sulfuric acid (5 to 10 drops) to
dissolve the precipitate completely. Because of the slope of
the curve in Figure 3, it is necessary to make a standard curve
similar to curve B in Figure 4, using the same reagent concentra
tion in the blank.

TYPICAL DATA ON RESIDUES

The data in Table I were obtained using 1 gram of onion sample
throughout. All samples were run using the standard procedure
and the distillate concentrating method.

100

90
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Figure 6. Use of Absorption Curves to Estimate
Residue

Aa Blank I-gram s8IUple of onion
B. Blank l-gralIl saIItple of onion with I p.p.D1. of tnaleie

hydrazide
C. Unknown with 0.5 p.p.lll. of :maleic hydrazide

Interference in the blank could be reduced by increasing the
sample size or using the benzene washing method, thus permitting
analysis below 0.5 p.p.m.

When only an estimate of the residue in the 1 p.p.m. range is
necessary-i.e., whether it is above or below 1 p.p.m.-a great
saving in time is realized by omitting special concentrating and
interference removal steps. This is illustrated graphically in
Figure 6. The relative dip in the curves at 455 mil indicates that
the unknown obviously contains less than 1 p.p.m.

DISCUSSION

Because the determination of maleic hydrazide actually in
volves the determination of microgram quantities of hydrazine,
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it may be well to investigate general precautions necessary for
quantitative work with this compound. Two excellent references
(2,3) are given for this reason.

Solutions containing hydr~zine or p-dimethylaminobenzalazine
should not be filtered through filter paper or any other absorptive
filters. Fritted-glass filters are satisfactory.

Various plant samples handled by this laboratory include
onions, white and sweet potatoes, sugar and table beets, turnips,
parsnips, carrots, celery, spinach, apples, pears, tomatoes, to
bacco, grasses, cottonseed oil, and various seeds. Animal samples
include muscle, stomach, spleen, pancreas, gonad glands, liver,
kidney, small and large intestine, feces, urine, and milk. Samples
of soil have also been run. Duplicate determinations on final
blended samples have checked to within 10% or better.

Some work has been done on the possibility of extending this
analytical method to other compounds. In general, this pro
cedure can probably be used without major modifications for
compounds which will hydrolyze, or be reduced and hydrolyzed
under these conditions to give hydrazine. For example, bicyclo
disuccinhydrazide (III),

o 0

~ ~
/"-../ "-.

H2C N CH2

J h 6H2Vy
~ ~

III

yields hydrazine under these conditions, while phthalhydrazide
(IV),

o
~ ~

/"-../"-..
HC C NH

H6 ~ ~H
~/"-../

C c
H II

o
IV

does not. Phthalhydrazide probably could be analyzed if it
were first reduced by other means, but this would be classed as a
major modification.

LITERATURE CITED

(1) Adams, R. A., and Coleman, G. H., Org. Syntheses, 1, 214
(1941).

(2) Audrieth, L. F., and Mohr, P. H., Ind. Eng. Chem., 43, 1774-9
(1951).

(3) Audrieth, L. F., and Ogg, B. A., "Chemistry of Hydrazine,"
New York, John Wiley & Sons, 1951.

(4) Morton, A. A., "Chemistry of Heterocyclic Compounds," 2nd
ed., p. 68, New York, McGraw-Hill Book Co., 1946.

(5) Pesez, M., and Petit, A., Bull. soc. chim. France, 1947, 122-3.
(6) Spies, J. R., and Chambers, D. C., ANAL. CHEM., 20, 30-9

(1948).
(7) Watt, G. W., and Chrisp, J. D., Ibid., 24, 2006-8 (1952).
(8) Zukel, J. W., "Bibliography of Published Reports on Maleic

Hydrazide," Naugatuck Chemical, Division of United States
Rubber Co., Bethany 15, Conn., February 1952.

RECEIVED for review March 20, 1953. Accepted September 26, 1953.
Presented before the Division of Agricultural and Food Chemistry, Pesti
cides Subdivision, at the 122nd Meeting of the AMERICAN CHEMICAL SOCIETY,

Atlantic City. N.J.



Difterential Determination of Vitamin 86 Group
SABURO FUK{jI

Department of Industrilll Chemistry, Fllculty of Engineering, Kyoto University, Kyoto, ]Ilplln

A new differential assay of individual cOlnponents of the vitamin B 6 group with
Sacch. carlsbergensis 4228 has been studied. The general method consists of a
combination of the separation of pyridoxamine with synthetic cation exchanger,
alkali-acetone tl'eatment for the decomposition of pyridoxal, and microbio
logical assays of the fractions. The results of experilllents with natural sub
stances were similar to those of Rabinowitz and Snell. The method is useful
for the differential determination of the vitanlin B 6 group in natural materials.

RABINOWITZ and Snell (5) reported that pyridoxal, pyri
doxamine, and pyridoxine may be separately assayed using

Saccharomyces carlsbergensis, Streptococcus faecalis, and Lacto
bacillus casei.

The author studied a new microbiological differential deter
mination of the vitamin B6 group, which involves the combined
use of an adsorption procedure with a cation exchanger and a
microbiological assay with Sacch. carlsbergensis. Sacch. carls
bergensis 4228 has been most widely used for the determination of
the total vitamin B6 group. Pyridoxal, pyridoxamine, and pyri
doxine are almost equally active with this organism (8).

Shimizu and Shiba (6) have suggested that pyridoxamine, be
cause it is more basic than other forms of vitamin B6, can be
separated by adsorption on the R-COONa type of cation ·ex
change resin. After the separation of pyridoxamine, pyridoxal
can be inactivated by treatment with acetone and alkali (7).

The method for determining the three members of the vitamin
B6 group with Sacch. carlsbergensis after fractionation by these
treatments has been tested and found useful, inasmuch as it does
not require so much reagent for the basal medium as the previous
method.

Extraction of Vitamin B6• For most materials, acid hydrolysis
with 0.055N sulfuric acid at 20 pounds pressure for 3 hours was
used. The transformation of one form of vitamin B6 to the other
has been shown to be negligible under these conditions (3).

Separation of Pyridoxamine. As an adsorbent, the following
two resins were found useful for the separation of pyridoxamine
from other forms of the vitamin B6 group.

KH4B (sodium form), Oda Laboratories, Department of In
dustrial Chemistry, Kyoto University. The resin was synthe
sized by the condensation polymerization of phenoxyacetic acid
and formaldehyde (2).

Duolite C 60 (sodium form), a phosphonic cation exchanger of
the Chemical Process Co., Redwood City, Calif.

The exchange tube, made of brown glass 0.7 to 0.8 cm. in di
ameter, was filled with 1.5 grams of 40- to 60-mesh resin. After
the extraction, the filtrate was adjusted to pH 5.0 and the volume
was made to 200 ml. (Fraction A).

An aliquot-for example, 50 ml.-containing 0.05 to 50 l'
of each form of vitamin B6, was allowed to pass through the resin
column at the rate of 1 to 2 ml. per minute at pH 6 to 7. Then
the column was washed down with about 50 ml. of cold water in
the case of KH4B or hot water (80 0 C.) in the case of Duolite
C 60. All effluents (effluent and washing) were mixed together

PROCEDURE

The general method is shown in Scheme J. Table I. Calculation of Values of Three Forms of
Vitalllin B 6

Table II. Separation of Pyridoxamine from Pyridoxine
and Pyridoxal by Adsorption with Sodium Salt of

Duolite C 60

Pyridoxine hydrochloride = b
Pyridoxamine 2 hydrochloride = d
Pyridoxal hydrochloride = a - (0 + e)

Scheme I. General Method

ISample I
1Extraction

(hydrolysis with 0.055 N H2S04 at 20 lb., for 3 hours)

IExtract (Fraction A) I
t (Pyridoxamine, pyridoxal, and pyridoxine)

Cation exchange synthetic resin

Fraction
Standard used

Value measured

Total
(Fraction

A)
Pyri
doxal
HCI

a

Acetone-Alkali
Treated Soln.
(Fraction C)

Pyridox- Pyri-
ine doxal
HCI HCI

b

Eluate
(Fraction 0)

Pyridox- Pyri-
amine doxal
2HCI HCI

d

(Pyridoxal, Pyridoxine)

Acetone, alkali
treatment

98.0
101.0
98.0

o
o
o
o
o
o

o
o
o

100.0
101.2
101.0

100.0
98.5
99.0

Effluent plus
washing Eluate

10
5
1

10
5
1

10
5
1

Vitamin, 'Y

Pyridoxine HCI

Pyridoxal HCI

Vitamin Ba

Pyridoxamine
2HCl

Microbiological assays were run with 5, 10, and 20 millimicrograma of
the vitamin.

[50 m!. of an aqueous solution of vitamin &, containing 1 to lOy of
pyridoxamine dihydrochloride, pyridoxal hydrochloride, and pyridoxine
hydrocliloride, was passed through the resin column (resin 1.5 grams),
washed with 50 m!. of hot water, and eluted with 50 m!. of a hot 0.2N

NaOH-N KCI solution.]

Vitamin Recovery, %

Elution
(with hot O. 2N NaOH-lN KCl soln.)

IEluate (Fraction D) I
(Pyridoxamine)

Washing with hot
(or cold) water

Acetone-alkali
treated solution

(Fraction C)

(Pyridoxine)
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pyridoxamine, and pyridoxine are not exactly identical, stand
ards for the three forms must be run. The values of the three
forms of vitamin B6 were calculated as shown in Table I.

Recovery Test. To an aliquot of the extract (Fraction A),
definite amounts of pyridoxal, pyridoxamine, and pyridoxine
were added. Assays were run just as for the sample solution.

RESULTS AND DISCUSSION

The results of the tests for the separation of pyridoxamine
from pyridoxal and pyridoxine by the adsorption are shown in
Table II.

Pyridoxamine is adsorbed on the resin, while neither pyridoxine
nor pyridoxal is adsorbed. It would be expected that pyridox
amine could be separated from the others by this procedure.
When applied to natural products, however, some loss of pyri
doxamine may occasionally be observed. This might be ac
counted for by interferences of adsorbed contaminating sub
stances. In such cases, better results should be obtained by
passing the influent through the two resin columns successively.

Distribution of Pyridoxal, Pyridoxam.ine, and
Pyridoxine in Natural Materials

Vitamin B 6a

Pyridoxamine Pyridoxine

26.2
0.42
0.45
2.49
1.04
0.13
0.57
0.57

12.9
0.20
4.59
9.33
5.98
0.62
7.38
0.17

Pyridoxal

9.68
0.40
2.28
4.56
2.05
0.92
3.97
0.13

Sample

Rice bran (air-dried)
Spinach (fresh)
Baker's yeast (fresh)
Fodder yeast (fresh)
Beef liver (fresh)
Beef heart (fresh)
Hog liver (fresh)
Sake

Table VI.

"Table III. Separation of Pyridoxal from. Pyridoxine by
Acetone-Alkali Treatm.ent

.and made up to a definite volume (Fraction B). The solution
was considered to contain pyridoxal and pyridoxine.

Pyridoxamine adsorbed on the resin was eluted with 50 or 100
:ml. of a hot 0.2N sodium hydroxide-IN potassium chloride
.solution at 80° C. at the rate of 1 ml. per minute. The eluate
was neutralized with IN hydrochloric acid and made up to a defi
nite volume (Fraction D).

Destruction of Pyridoxal. According to Snell (7), pyridoxal is
inactivated in solution by treatment with equal volumes of ace
tone and 5N sodium hydroxide.

In this experiment, an aliquot of the effluent (Fraction B),
,containing more than 20 millimicrograms of pyridoxine and
.appropriate amounts of pyridoxal, was mixed with 0.5 volume of
.acetone and 5N sodium hydroxide, respectively, allowed to
.stand for 4 hours at room temperature, neutralized with hydro
chloric acid, and made up to a definite volume, after removal of
,acetone under vacuum (Fraction C).

Microbiological Assay of Vitamin B 6• The vitamin contents of
the fractions were determined with Sacch. carlsbergensis according
to the method of Atkin et al. (1), modified by Rabinowitz and
Snell (4).

The sample solution for microbiological assay was prepared
:from each fraction to contain 1 to 20 millimicrograms.

The averages of the values measured with the sample solutions
·diluted in three ways from each fraction were indicated as the
.amounts of the vitamin in the fraction.

Because the responses of Sacch. carlsbergensis to pyridoxal

Microbiological assays were carried out with 2 and 4 millimicrograms of
-vitamins.

Recoveries of Vitamins
Added. %

'Table IV. Recoveries of Pyridoxal, Pyridoxam.ine, and
Pyridoxine

a Free vitamin Be base.

All three compounds were adsorbed similarly, by the COOH
type of KH4B and Duolite C 60 resins. More leakage of pyri
doxamine was observed with amberlite IRC 50.

The results of experiments on the decomposition of pyridoxal
are given in Table III. By acetone-alkali treatment, pyridoxal
was completely decomposed; pyridoxine was not affected.

The recoveries of the three members of vitamin B6 during the
total process are shown in Table IV. The distributions of pyri
doxal, pyridoxamine, and pyridoxine in some natural materials
are given in Tables V and VI.

For extraction, 1 gram of rice bran and 20 grams of fresh
spinach were autoclaved with 0.44N sulfuric acid at 20-pound
pressure for 3 hours; 2 grams of pressed yeast, beef liver, beef
heart, and hog liver was hydrolyzed with 0.055N sulfuric acid
at 20-pound pressure for 3 hours; 100 mi. of sake was mixed with
concentrated sulfuric acid and water, made up to 180 mi., and
after adjustment of the acid concentration to 0.055N, was auto
claved as usual.

For the recovery tests, 51' of pyridoxal hydrochloride, 51' of
pyridoxamine hydrochloride, and lOy of pyridoxine hydrochlo
ride were added to 50 mi. of the extract.

The contents of the three forms of the vitamin were indicated

7.5

5.3

3.0

Standard
Deviation

99.8

98.2

Mean

104.3

Pyridoxine

Vitamins
Expected

Pyridoxal.
pyridoxine

Pyridoxamine

Fraction

Amounts of Destruction of Pyridoxine
Vitamin Treated, Pyridoxal. Recovery,

Vitamin B 6 oy % %
Pyridoxal 5 97.5

HCI 1 99.3
0.1 100.0
0.05 100.2

Pyridoxine 5 95.0
HCI 1 100.0

0.1 105.1
0.05 102.0

Pyridoxal 5+5 102.5 97.5
HCI plus 1 + 1 103.0 97.0

Pyridoxine 0.1+0.1 97.5 102.5
HCI 0.05 +0.05 101.0 99.0

Effluent (Fraction
B)

Acetone-alkali
treated solution
(Fraction C)

Eluate (Fraction
D)

Tests were run at concentrations of I, 0.2, 0.1, 0.02. and O.Oloy per mI. of
'sample solution.

Pyridox
amine

2HCI (d)

19.1

6.42

8.37

0.87

Pyridoxine
HCI

(b)

31.5

0.54

1.25

0.16

Pyridoxal
HCI (a) 

(c + 0)

11.7

2.74

2.46

1.00

4.83

6.28

0.65

Pyridoxal
HCI,
assay

value (0)

14.3

95

92

98

Recovery,
%
97

0.87

8.37

6.42

0.14

0.50

1.06

107

108

101

Recovery,
%
98

Differential Assay of Vitam.in B 6 in Natural Materials
Fraction C Fraction D

PyrWC,ine Pyridoxal Pyrig~ciine
HCI,
assay Assay

value (c) value (<I)

28.3 19.1

0.54

1.25

Assay
value (b)

31.5

103

101

Table V.

Recoverya,
%
96

Fraction At
Pyridoxal

HCl

8.07

9.80

Assay
value (a)

54.3

Sample

Rice bran
Fresh baker's

yeast
Fresh beef

liver
Fresh beef

heart 1. 79 100 O. 16
Vitamin content, micrograms per gram of sample.
" Amounts of pyridoxine HOI and pyridoxamine 2HCI added were converted to pyridoxal HCI.
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as the amounts of free bases (micrograms per gram of material,
for sake, milliliters) (Table VI).

The distributions of pyridoxal, pyridoxamine, and pyridoxine
in the natural materials so far tested are similar to the results of
Ribinowitz and Snell. Consequently, the method has been con
sidered practicable, inasmuch as less reagents are required for
basal medium than in the previous method.
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Ouercetin as Colorimetric Reagent for Determination
of Zirconium

FRANK S. GRIMALDI, United States Geological Survey, Washington, D. C., AND
CHARLES E. WHITE, University of Maryland, College Park, Md.

Methods described in the literature for the deter
rnination of zirconiurn are generally designed for
relatively large arnounts of this elernent. A good
procedure using colorirnetric reagent for the deter
rnination of trace arnounts is desirable. Quercetin
has been found to yield a sensitive color reaction
with zirconiurn suitable for the deterrnination of
frorn 0.1 to 50y of zirconiurn dioxide. The procedure
developed involves the separation of zirconiurn frorn
interfering elernents by precipitation with p-di
rnethylarninoazophenylarsonic acid prior to its esti
mation with quercetin. The quercetin reaction is

ALTHOUGH numerous excellent reagents and procedures are
ft available for the determination of macro amounts of zir
conium, the situation is far from satisfactory with respect to the
determination of microgram amounts. Only a few reagents have
been developed for trace analysis and the reactions are not alto
gether ideal from the standpoints of sensitivity and selectivity.

Alizarin (or Alizarin Red S) (4-7, 9, 10, 13, 14) is probably the
most important reagent for the colorimetric determination of
zirconium, but the color reaction is not too sensitive. p-Di
methylaminoazophenylarsonic acid (8, 11, 12) is second in im
portance to Alizarin Red S. The procedures are indirect, light
absorption measurements being made on the dye solution ob
tained by decomposing the zirconium azo-arsonate with ammonia.
Stehney and Safranski (12) determined microgram amounts of
zirconium in this manner. Flavonol, introduced by Alford and
coworkers (1), is important in zirconium analysis by fluorescence.

This study, made in part on behalf of the Atomic Energy Com
mission, was undertaken with two objectives in mind: First to
find a colorimetric reagent sensitive to small concentrations of
zirconium and second, to apply it to the determination of micro
gram amounts· of zireonium in siliceous materials. Quercetin
was selected from more than 100 compounds tested, because of its
high sensitivity, a nearly colorless blank, stable color over a wide
acidity range, and availability in a pure state.

EXPERIMENTAL

Factors Affecting the Zirconium-Quercetin Color System.
When quercetin is added to an acid solution of zirconium an in
tense yellow color is obtained. Various factors affecting the

carried .out in 0.5N hydrochloric acid solution.
Under the operating conditions it is indicated that
quercetin forrns a 2 to 1 cornplex with zirconiurn;
however, a 2 to 1 and a 1 to 1 cornplex can coexist
under special conditions. Approxirnate values for the
equilibriurn constants of the cornplexes are K 1 =
0.33 X 10-6 and K 2 = 1.3 X 10-9• Seven Bureau of
Standards sarnples of glass sands and refractories
were analyzed with excellent results. The rnethod
described should find considerable application in the
analysis of rninerals and other rnaterials for rnacro
as well as rnicro arnounts of zirconiurn.

zirconium-quercetin color system were studied to establish
optimum working conditions. Preliminary experiments indi
cated that a certain amount of alcohol was necessary to prevent
the precipitation of quercetin and this variable was included in
the study. In the experiments, all the solutions were made to a
total volume of 25 m!. The order of addition of the reagents
was always the same. The zirconium solution was added first,
acid second, alcohol third, and an alcoholic solution of quercetin
last. Absorbancies were determined with a Beckman spectro
photometer, Model DU, using I-em. cells and distilled water~as

reference solution. The slit width was 0.05 mm. except for the
spectral transmittancy data below 420 mIL where 0.1 mm. was
used. Unless otherwise indicated all solutions were 0;5N in
hydrochloric acid and contained 3 mg. of quercetin and 8 m!. of
alcohol.

Spectral transmittancy data for the reagent blank and 30y
of zirconium dioxide are given in Figure 1. The optimum wave
length was taken as 440 mIL because at this wave length the ab
sorption given by the blank is small and that by zirconium still
large. In the work that follows, all absorbancies were measured
at 440 mIL.

Figure 2 illustrates the effect of alcohol concentration on the
absorbancy of 54.4y of zirconium dioxide. A precipitate of
quercetin was obtained almost immediately from solutions con
taining less than 6 ml. of alcohol; with 6 m!. of alcohol some quer
cetin precipitated after 10 hours. It is desirable to keep the
alcohol concentration to a minimum because of the smaller
solubility of salts in alcoholic media. For this reason 8 ml. of
alcohol in 25 ml. of solution was taken as optimum.
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WAVE LENGTH m~

Figure 1. Spectral TransInittancy Curve

The effect on acid concentration on the absorbancy given by
54.4-y of zirconium dioxide is illustrated in Figure 3. The ab
sorbancy is almost independent of acid concentration in the region
from 0.1 to IN. The reagent blank increases sharply in absorb
ancy for acid concentrations above IN and reaches a value of
more than 0.2 absorbancy unit at 3N. On the basis of the fore
going the optimum acidity was taken as 0.5N.

The reaction can also be carried out in nitric or perchloric acid
solution, as comparable data are obtained. Hydrochloric acid is

varying the quercetin concentration in each series. The absorb
ancies shown are corrected for the absorbancies of blanks con
taining the same amounts of quercetin. The optimum concen
tration of quercetin was taken as 3 mg. of quercetin for 25 mJ. of
solution. In Figure 5 the quercetin concentration was kept fixed
at two levels (150 and 300-y of quercetin) and the zirconium con
centration was varied.

Data for the working curve are given in Figure 6. These data
were obtained using the optimum conditions previously estab
lished. The solutions were 0.5N in hydrochloric acid and con
tained 8 mJ. of alcohol and 3 mg. of quercetin in a total volume of
25 mJ. A straight-line relationship between absorbancy and
micrograms of zirconium dioxide is shown up to 60-y of zirconium
dioxide. Solutions containing from 60 to 150-y of zirconium di
oxide deviate slightly from the Beer-Lambert-Bouguer law but
their absorbancies are reproducible. The region from 0 to 10-y
of zirconium dioxide was examined in detail for any deviation from
the straight-line relationship, but none was found.

The solutions, containing as much as 150-y of zirconium di
oxide, were allowed to stand for 24 hours, after which time the
absorbancies were redetermined. The maximum change in
absorbancy was found to be 0.003. The spectrophotometric
sensitivity of the zirconium-quercetin color reaction is 0.004-y
zirconium dioxide per square centimeter.

Theoretical Analysis of the Zirconium-Quercetin Reaction.
The relationship between absorbancy and mole ratio of quercetin to
zirconium, curves (1) and (2), Figure 4, is linear up to a mole ratio
of 1 to 1. At ratios where the molar concentration of the querce
tin is greater than that of the zirconium the absorbancy increases
in a nonlinear fashion with increase in quercetin (zirconium con
centration fixed) and reaches a nearly constant value for very
high mole ratios.

Various hypotheses were tested as possible explanations for the
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preferable to perchloric acid because of the
greater stability of zirconium in hydrochloric
acid solution (3). For example, it was found
that standard perchloric acid solutions of zir
conium lose strength rapidly if the acid con
centration is below 20% by volume. Nitric
acid is inferior to hydrochloric acid because of
its tendency to oxidize quercetin. At ele
vated temperatures this effect is serious for
solutions of greater acidity than 0.5N. The
sensitivity of the zirconium-quercetin color re
action is greatly diminished in sulfuric acid
medium, probably because of the complexing
action of sulfate with zirconium.

The data in Figure 4 were obtained by keep
ing the zirconium concentration fixed at two
levels (20 and 54.4-y of zirconium dioxide) and
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Figure 5. Effect of ZirconiInn Concentration with Quercetin
Concentration Fixed

nature of the curves plotted from these data. The only
consistently logical explanation is based on the hypothesis that
two zirconium-quercetin complexes coexist in the test solutions.
The zirconium forms only the 1 to 1 complex in dilute solutions of
quercetin. This complex is largely dissociated (c< being constant
in the straight line portion of the curves), and as the quercetin
concentration is increased (zirconium concentration fixed) a
greater fraction of the zirconium forms the 1 to 1 complex. As
the quercetin concentration is increased still further a point is
reached where nearly all the zirconium is in the form of 1 to 1
complex and the 2 to 1 complex makes its appearance. The rel
ative amount, of the 2 to 1 complex increases as more quercetin
is added until all the zirconium is present in the form of the 2 to 1
complex. At this point the absorbancy of the solution should
remain constant.

The equilibria involved are

and

For both complexes coexisting in equilibrium

(ZrOCIQ) (QH) = k
(ZrOQ2)

and at constant hydrochloric acid concen
tration

20

It is possible, from the spectrophotometric
data given, to test the hypothesis by calculat
ing k for the various test solutions in which
the two complexes coexist and noting if these
values are reasonably constant. For these cal
culations the absorbancy indexes of the pure
1 to 1 and 2 to 1 complexes are required. The
absorbancy index of the 1 to 1 complex may
be calculated from the absorbancies obtained
on extrapolation of the curves, Figure 5, to zero
mole ratio. A reasonably close average value
of the absorbancy index of the 2 to 1 complex
may be calculated from the absorbancies at
mole ratio 40 to 1, Figure 4. The calculations
for k are simplified if it is assumed that in
solutions where both complexes coexist the

concentration of uncombined zirconium is negligible and that no
complexes of zirconium other than the quercetin compl~xes are
formed. The values of k were found to be reasonably constant
and lend weight to the foregoing interpretation. Approximate
values of the equilibrium constants for the 2 to 1 and 1 to 1 com
plexes were determined, K 1 = 0.33 X 10-· and K 2 = 1.3 X 10-9•

The method of Bent and French (2) is especially applicable to
the determination of formulas of dissociable complexes. This
method indicated that in the dilute region only the 1 to 1 complex
is formed. It was possible to isolate tliis complex and chemical
analysis indicated the probable formula to be:

OH
HO 0 _ /

"'O/~/ "'C-« :>-OHI /I -
~ "'C/C\

oJ ~ /
\;Zr=O

/ '"H 20 CI

Reactions of Quercetin with Other Elements. Nearly all of
the elements were tested to determine their behavior with quer
cetin under the optimum conditions used for the zirconium
quercetin reaction. Each element was tested in the absence of
zirconium and at two levels of zirconium (5 and 251' of zirconium
dioxide) from a total volume of 25 m!. The absorption given by
colored ions in 0.5N hydrochloric acid was also determined. A
density difference of 0.003 unit (equivalent to 0.31' of zirconium
dioxide) was taken as the cutoff for reporting interference.
Elements not discussed were not tested.

The following cations do not interfere in the maximum amounts
taken (expressed as oxides) :

0.5 gram: Na, K, and NH4

0.1 gram: Rb, Cs, Mg, Ca, Ba, Sr, Zn, Cd, Hg++, Ag, Pb, TI+,
Mn++ and As+++

0.05 gram: La and'Y
0.004 gram: Eu, Yb, Gd, and Dy

Acetate (0.5 gram) and bromide (0.2 gram) ions do not interfere.
Some elements interfere by decreasing the color intensity given

by zirconium. These elements probably consume reagent or
their anions react with zirconium. Some elements interfere be
cause of the natural color of their ions in hydrochloric acid solution.
Some elements produce unstable colors with quercetin, whereas
other elements react to increase the color intensity of the solution.
The maximum amount of each element that can be tolerated and
the nature of the interference are given in Table 1. Serious in
terference is given by the following ions: oxalate, fluoride, phos-
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Table I. Maxilllulll Perlllissible AnlOunts of Various
Anions and Cations in the Colorillletric Deterlllination of

Zirconiulll with Quercetin
(Amounts calculated as oxides unless otherwise indicated)

Compound

Citric acid
Tartaric acid
(NH,),HPO.
NaF
Na,SO,
LiCI
HAuGl.
CuC!,
Be(NO,),
Ce(NO,),
Sm(NO,),
Pr(NO,h
Nd(NO,),
Sc(NO,),
H,BO,
AICta
Ga(NO,h
In(NO,),
HgNO.
TiC!,(OAc),
HfOCh
Th(NO,).
Geel.
SnCI.
NH.VO,
BiCIa
CrCIa
K.Cr,O,
(NH.)oMo,O"
Na,WO.
FeCIa
Fe(NH.),(SO,),
CoClz
NaI
Na,HAsO,
H,SeO,
HiTeO,
NiCh
UO,(NO,),
Na,SiO.
SbCIa
Nb,O. in H,SO,
Ta,O. in H,SO,
H,PdCl,
H,RhCls
H,RnCl,
H,PtCl.

Maximum Amt.
at 5'{ ZrO,

Level
10 mg. acid
10 mg. acid

>1001' 1',0,
101' F-
13 mg. SO,

> 50 mg.
0.25 m,g.
5 mg.
3 mg.

25 mg.
10 mg.
10 mg.
25 mg.
201'

8 mg.
0.6 mg.

151'
7 mg.

1501'
151'
0.751'

401'
75..,

0.41'
2001'

5 mg.
2501'

11' CroO,
0.2..,
0.5..,
61'

501'
5 mg.
5 mg. I-

>"0.2 g. SeO,
10 mg. TeO,
8 mg.
3 mg.'

. 31'
11'
21'

601' I'd
1001' Rh

41' Ru
5001' Pt

Maximum Amt.
at 251' ZrO,

Level
1 mg, acid
1 mg. acid

651' 1',0,
5.., F-
3.5 mg. SO,

16 mg.
0.25 mg.
5 mg.
3 mg.
5 mg.

10 mg.
10 mg.
25 mg.
20..,

8 mg.
0.6 mg.

151'
7 mg.

150..,
15')1
0.75,{

40..,
751'

0.41'
2001'

5 mg.
250..,

11' C"O,
0.21'
0.5..,
61'

501'
!; mg.
5 mg. 1-
3 mg. AS20li

50 mp:. SeO,
10 mg. TeO,
S,mg.
3 mg.

40 mg.
31'
I..,
21'

601' I'd
1001' Rh

4.., Ru
5001' Pt

Nature of
Interference

Neg., quenches
Neg.
Neg.
Neg.
Neg.
Neg.
Pos., colored ion
Unstable soln.
Pos.
Neg.
Pos.
Pos., colored ion
Pos.
Pos.
Pos.
Pos.
Pos.
Pos.
Unstable soln.
Pos.
Pos.
Pos.
Pos,
Pos.
Unstable soln.
Pos.
Pos., colored ion
Pos.
Pos.
Pos.
Pos .. unstable soln.
Pos .. unstable soln.
Pos., colored ion
Pos., 1,
Neg.
Neg.
Pos.
Pos., colored ion
Pos.
Neg .
Pos.
Pos.
Pos.
Pos., coLored ion
Pos., colored ion
Pos .. colored ion
Pos., colored ion

offered a means of accomplishing this if it were possible to prevent
the precipitation of titanium with hydrogen peroxide. Prelim
inary experiments indicated that hydrogen peroxide could not
be used because of its rapid and complete oxidation of the azo
arsonic acid. Attempts to prevent the precipitation of titanium
with the azoarsono dye by employing media of high acidity were
not completely successful. At the same time it was observed that
the titanium formed no precipitate when the solutions were hot; a
precipitate being obtained only during the cooling process. Ex
periments indicated that only a few micrograms of titanium were
coprecipitated with zirconium if the zirconium precipitate was
formed in (15 + 85) hydrochloric acid solution and the solution
was filtered hot (70 0 to 90 0 C.). In this manner microgram
amounts of zirconium could be separated from at least 10 mg. of
titanium dioxide (see Table II). The maximum amount of ti
tanium dioxide coprecipitated was 251' when 5001' of zirconium
dioxide were used. Because only a few micrograms of zirconium
dioxide may be determined with quercetin, even this slight inter
ference of titanium dioxide is removed by dilution. Other ele
ments usually precipitated by the azoarsonic acid were found to
be more soluble under these conditions. Of the elements that
would interfere seriously in the determination of zirconium by
means of quercetin only tungsten, tantalum, niobium, scandium,
and thorium were precipitated by the azoarsonic acid in hot (15 +
85) hydrochloric acid solution. The amount of scandium pre
cipitated is small and possibly 0.5 mg. of the oxide can be toler
ated in the solution used for precipitating zirconium. The inter
ference of thorium is negligible, as only 51' of thorium dioxide
was precipitated when 10 mg. were tested. No precipitates were
obtained for molybdenum, bismuth, beryllium, gallium, chro
mium(III), uranium(VI), platinum, tin(IV)-50 mg. of each
oxide tested; cerium (III), yttrium, praesodymium, gadolinium
20 mg. of each oxide tested; 15 mg. of germanium dioxide; or 5
mg. of auric oxide. Vanadium and other strong oxidizing agents
destroy the azoarsonic acid and should be absent.

TiO"
Mg.

Table II. Coprecipitation of Titanium
Combination TiO!

ZrO" Co precipitated,
Mg. Mg.
0.5 0.025
0.25 0.020
0.15 0.020
0.10 0.015
0.05 0.015
0.05 Not detected
o.02 Not detected

7
7
7

10
10
0.2
005

The precipitation of zirconium in microgram amounts by p
dimethylaminoazophenylarsonic acid is seriously hindered
by microgram amounts of fluoride ion. Fluoride should be avoided
in the preparation of the solution for analysis because it cannot
be completely removed even by prolonged fuming with perchloric
acid, especially if aluminum is present. It is possible, however, to
separate fluorine when present in the original sample by fusing
the sample with an alkaline flux and filtering the water leach.
Small amounts of sulfate (70 mg. of S03 maximum tested) do not
interfere. Phosphate in amounts under 0.6 mg. of P.O. (maxi
mum tested) was also without effect.

The detl}iled procedure calls for the addition of ferric iron and
potassium hydroxide to the leach of the carbonate melt prior to
the filtration of the solution. This ensures that a carrier is pres
ent for small amounts of zirconium; the high alkalinity serves to
destroy soluble complex carbonates of zirconium and allows most
of the silica to remain in solution.

The precipitate of zirconium with the pararsonic acid tends to
leak through the filter unless a very tight filter, such as Whatman
No. 42, and paper pulp are used in the filtration. The precipitate
should be heated slowly (preferably in a small muffle furnace) and
in the absence of drafts to prevent dusting losses. The tempera-

phate, scandium, gallium, mercurous mercury, titanium, hafnium,
thorium, germanium, tin, vanadium, chromium, molybdenum,
tungsten, iron, antimony, niobium, tantalum, and the platinum
metals tested. Although the interfering elements are many, only
scandium, titanium, hafnium, thorium, iron, and possibly anti
mony, niobium, and tantalum would interfere after a potassium
hydroxide separation of zirconium under oxidizing conditions.

Some additional observations are to be noted. Tungsten,
antimony, niobium, and tantalum form precipitates with querce
tin. As quercetin does not precipitate titanium and zirconium,
it may prove valuable for the separation of niobium and tantalum
from titanium and zirconium.

The sensitive color reaction given by tin with quercetin is being
investigated for the colorimetric determination of tin. Quercetin
may also prove useful as a colorimetric reagent for fluorine (by
quenching of the zirconium-quercetin color), and for hafnium,
molybdenum, antimony, and hexavalent chromium.

PROCEDURE

In the determination of zirconium by means of quercetin pro
visions must be made for the removal of interfering ions, especially
iron and titanium, which are common constituents in most natu
rally occurring materials. Precipitation of zirconium by means of
either propylarsonic acid or mandelic acid would be an effective
means of accomplishing this, but no carrier for zirconium could be
found that would be precipitated by these reagents. At this
point it seemed that the best approach was to find a zirconium
reagent that would quantitatively precipitate microgram amounts
(51' of zirconium dioxide) of this element without carrier and
that would at the same time separate zirconium from interfering
elements. The reagent p-dimethylaminoazophenylarsonic acid
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" This sample contained 5.72 % F.
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Add 10 drops of sulfuric acid, cover the crucible, and heat on
the hot plate for about half a.n. hour to dissolve t~e zir~onium
residue. A small amount of sIhca us~ally follows :'lrcomum up
to this point so that a complete solutIOn of the reSIdue may not
result. Ho~ever, the zirconium is dissolyed ~y this treatment.

Remove the cover and allow the sulfunc aCId to evaporate on
the hot plate untilll;o mor~ fumes.of aci~ appear.

Holding the crUCIble ~Ith platmum-tI~ped tongs, re1Jl0;,e the
last traces of sulfuric aCId by gently heatmg below 500 C. over
a low burner. .

Add 5.2 m!. of (1 + 4) hydrochloric acid b{' a pIpet. .Cover
the crucible and warm the solution a few mmutes to dIssolve
the zirconium. Rinse the cover with water, adding the was~
ings to the crucible. Transfer the solution to a 25-ml. volul!1etnc
flask. An aliquot of the solution should be taken he:e If .the
sample is known to contain more than 25 to 501' ZIrCOnIUm
dioxide. Additional acid will then be required to br~g ~he
acidity up to 0.5N hydrochloric acid used in the determmatlOll
of zirconium with quercetin. .

Adjust the volume to about 15 ml: WIt~ wa~er. Coo!. Add
5 m!. of alcohol and 3 m!. of quercetm usmg pIpets. Make the
solution to the mark, mix, and obtain the abs?rbanc~ of. the
solution in the spectrophotometer at 440 m!' usmg a sht WIdth
of 0.05 mm.

Determine the amount of zirconium by reference to a standard
curve. A blank should be run in the procedure. For example,
1l' zirconium dioxide was found in the combined residue of the
filter paper and pulp used for the filtration of the azoarsono
precipitate.

Test of the Procedure. The procedure was applied to the
determination of zirconium in glass sands, clays, and refractories.
Bureau of Standards standard samples were used. The results
obtained for zirconium by the quercetin procedure are compared
with certified analyses in Table III. The agreement is satis
factory.

COInparison of Results of ZirconiuIn Analysis
Zirconium Dioxide, %

0.031

0.0095

0.25
0.041

Certified analysis (Quercetin)
(av.) procedure

0.07 0.072
0.09 0.089
0.12 0.112

0.114
0.033
0.029
0.0100
0.0104
0.245
0.0409

B.S. 91"

B.S. 76
B.S. 77
B.S. 78

B.S. 81

B.S. 97
B.S. 98

Bur. Standards
Sample No.

Table III.

ture should not exceed 500 0 C. or the residue becomes difficult to
dissolve in sulfuric acid. After solution in sulfuric acid, the ex
cess sulfuric acid is removed because sulfate quenches the zir
conium-quercetin color.

Reagents and Apparatus. To prepare a standard stock solu
tion of ::irconium (l m!. contains approximately 2 mg. of zir
conium dioxide), add 100 m!. (1 + 1) hydrochloric acid to 2.17
grams of zirconyl nitrate dihydrate and boil gently until 75 m!.
remains. Make to 500 m!. in a volumetric flask with (l + 1)
hydrochloric acid. Standardize by taking 20-m!. portions and
precipitating with redistilled ammonium hydroxide and igniting
to oxide. Zirconium dioxide prepared from reagent grade
zirconyl nitrate contained less than 0.3% hafnium dioxide by
spectrographic tests.

To prepare standard zirconium solution in (1 + 4) hydro
cWoric acid (1 m!. contains 101' of zirconium dioxide), take 5
m!. (or appropriate amount) of stock solution, add 395 m!.
(1 + 1) hydrochloric acid, and make to 1 liter with distilled
water. Tests indicated that zirconium solutions containing
more than 2% by volume of hydrochloric acid are stable for at
least 6 months.

p-Dimethylamino~zop~enylarsonic acid. solution [9.3% in
(1 + 1) hydrochlonc aCid] was prepared m the followmg way:
Powder the pararsonic acid in an agate ~ort~r and dissolve 3
grams in hot (50 0 C.) (1 + 1) hydrocWonc aCid and make to 1
liter with (1 + 1) hydrochloric acid. .

The alcoholic solution of quercetin (1 m!. contams 1.00 mg. ot
quercetin) was made up in the following way: Di~solye 0.500
gram of quercetin in 300 m!. of 95% alcohol, warmmg If neces
sary. Make to 500 m!. with alcoh?!. The solution .should be
filtered if necessary. (The quercetm used was obtamed from
Delta Chemical Co., 23 West 60th St., New York, N. Y. Quer
cetin of suitable quality is also available from other sources
including S. B. Penick Co., 50 Church St., New York, N. Y., and
T. Schuchardt, Ltd., Leopol~strasse4, Miinchen 2~, Ger.many.)

Potassium hydroxide solutIOn was prepared by dIssolvmg 100
grams of potassium hydroxide in 100 m!. of distilled water.

To prepare ferric chloride solutio~ (1 ~!. ~ontains 1 m~.
ferric oxide), dissolve 0.1 gram pure Iron wIr~ m hyd:o~hlonc
acid using a small amount of hydrogen perOXIde to oXIdIze the
iron: Evaporate the solution to dryness on the steam bath.
Add 1 m!. of (1 + 1) hydrochloric acid and 20 m!. of water,
digest the solution, cool, and make to 100 m!.

The carbonate-borate flux was made by mixing 3 parts of
anhydrous potassium carbonate with 1 part of borax. . .

Redistilled hydrochloric acid was used for all work, mcludmg
the preparations of reagents. Sulfuric acid was reagent grade.
Beckman spectrophotometer, Model DU, was used.

Detailed Procedure. Weigh 0.200 gram of sample, ground to
an impalpable powder, into a platinum crucible. Burn off
organic matter if present in the sample.

Add 3 grams of the carbonate-borate flux and mix thoroughly.
Cover the crucible and heat gently at first and then fuse the
sample at high heat over a burner for 30 minutes. The fusion
period can be greatly shortened for samples that are not refrac-
tory. Coo!. .

Leach the melt with about 50 m!. of water. Remove cruCible
and the cover scrubbing and rinsing them before setting them
aside. The t~tal volume at this point should be about 70 m!. .

Add 10 mI. of potassium hydroxide solution, 5 m!. of ferne
chloride solution, stir, and digest the solution on the steam bath
for 30 minutes to an hour.

Filter the solution on Whatman No. 40 paper and wash the
precipitate with 1% potassium hydroxide solution. Drain the
paper and stem of the funnel thoroughly.

Dissolve the precipitate with 10 m!. of hot (1 .+ 1) hydro
chloric acid (use pipet), collecting the filtrate m a 100-mI.
beaker. Wash the paper with water. ., .

Add 5 m!. of p-dimethylaminoazophenylarsomc aCId solutIOn,
adjust the volume to 50 m!. and digest the solution on the steam
both for at, least an hour.

Add a generous amount of paper pulp and filter the. p.rec~pitate
of zirconium while hot. In order to prevent preCIpItatIOn of
titanium the solution must not be allowed to cool below 70 0 C.
during the filtration. .

Wash the precipitate thoroughly with a hot w~sh ~olutlOn
of the dye (made by taking 10 m!. of the azo-arsomc aCId solu
tion, 70'm!. of concentrated hydrochloric acid, and diluting to
500 m!. with water).

Transfer the paper and precipitate to a platinum crucible and
remove most of the water by drying in an oven. Then gen.tJy
ignite the precipitate in a small muffle furnace at 500 0 C., startmg
with a cold furnace.



Vacuum Fusion Analysis
Apparatus and Determination of Oxygen in Chromium

WILLIAM S. HORTON AND JOSEPH BRADY

Knolls Atomic Power Laboratory, General Electric Co., Schenectady, N. Y.

This report describes the apparatus designed and
constructed for research in vacuulD fusion analysis.
The work was undertaken to provide lDethods for the
deterlllination of oxygen, nitrogen, and hydrogen
and nonferrous lDetals. This is exelDplified by an
investigation for deterlllining oxygen in chrOlDiulll.
Blank rates and results for National Bureau of
Standards salllples of cooperative steels COlDpare
favorably with those of other laboratories. Blank
rates were indistinguishable, whether Illeasured for
10 or 20 Illinutes. The presence of stopcock grease
gave a Illeasurably higher blank rate than when the
grease was absent. The slllall increase should inter
fere only with obtaining extrelllely low blanks. The
recovery of oxygen froID Illixed powders containing
chrollliulll and chrolllic oxide was fitted to an equa-

tion of the forlll: R = a + c,C + C 2C2 + tIT + t 2T2 +
kCT, where a, CI, C2, tI, t2, and k are the fitted con
stants, R is the recovery in per cent, C is the weight
per cent of chrollliulll in the bath, and T is the op
erating telllperature. Much better results were ob
tained by using a Illolten bath of 75% iron and 25%
tin by weight than by using one of pure iron. At
1600 0 C. the Illethod with the alloy bath gave about
85% recovery when no chrollliulD was present.
When consecutive salllpies had increased the chro
Illiulll to about 5% of the bath, the oxygen recovery
dropped to about 70%. The results agree with those
obtained by Illodification ofan acid-solution Illethod.
Oxygen Illay be deterlDined in chrollliulll by the vac
UUIll fusion Illethod with certain lilDitations and
using occasional standards to check recovery.

paratus is rather carefully described in this paper. This de
scription of the apparatus and its characteristics and an experi
ment with stopcock grease is followed by a report of an investiga
tion for determining oxygen in chromium with the described
apparatus.

APPARATUS, CHARACTERISTICS, AND EFFECT OF STOPCOCK
GREASE

General Description. For the apparatus described it was
desired to attain a low blank rate, to be able to handle a wide
range of oxygen composition among the samples, and to use no
stopcocks. The first two goals were imposed by the expected
nature of the analysis requests from other sections of the labora
tory. The last requirement was imposed in order to be able to
test the influence of stopcock grease on the blank.

The apparatus is represented schematically in Figure 1. Ex
cept for certain sections of the furnace, F', the lines are con
structed of borosilicate glass with an outside diameter of 1 inch
from F' to the main loop and clockwise to the circulating pump, P,
and an outside diameter of '/2 inch elsewhere. A 5-kw. General
Electric Model 4HL2A5 electronic induction heater is used to
heat the furnace. Temperatures in excess of 2500° C. have been
attained with this heater, although this has been unnecessary in
any work done to this date. Volumes I and II are calibrated by
the expansion method (16) to within 1%. Closing valves D, E,
and F forces the collected gas into the smaller volume of approxi
mately 1 liter. Closing valves D, E, and G instead utilizes both
volumes or a total of about 5 liters. The maximum collectable
pressure is about 1.4 mm. of mercury. Since a sample of 0.5
gram is the normal size used in this apparatus, materials up to
1.2% oxygen can be handled. Homogeneous materials, for which
small samples of the order of 20 mg. may be used, can be handled
up to 30% oxygen. In practice 10-mg. samples of material con
taining about 30% oxygen have been analyzed.

Components. The vacuum furnace is similar to that of Beach
and Guldner (3) and is shown in detail in Figure 2.

H
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VACUUM

II

ALTHOUGH the workers introducing the vacuum fusion
.t\.. method for determining gases in metals (12) considered
nonferrous metal samples, the early use was limited to iron and
steel (28). Recently, however, a number of general articles have
appeared discussing applications of this method to nonferrous
metals. Work by Sloman (21-25) in England and by Mallett
(1.1;) in the United States should be mentioned. While a remark
able experimental and theoretical account of work covering a
number of metals has been given by Sloman and coworkers (25),
many articles have appeared discussing single metals, especially
for the determination of oxygen in titanium (7, 29), in zirconium
(26), and in copper (11). It appears that the best results are
obtained from each type of apparatus using procedures developed
for that specific apparatus. There is ample' indication (27)
that varying results among investigators are influenced by the
different experimental arrangements. For that reason the ap-

Figure 1. Schelllatic Diagralll of Apparatus
2. U-type cutoff

1, II. Calibrated voluIIles,·l and 4 liters, respec1;ively
A, B, C, M. Glass-lDercury solenoid valves

F'. VacuuIIl furnace
Gl, G2. McLeod gages, 500"" and 10 nun., respectively

Ga.. Then:nocouple gage
L'. Mercury lift for the introduction of saIIlples
P. Mercury diffusion circulation pump, also used for gas

extraction
TI, T2. Cold traps

The large standard-tapered ground joint used at the bottom
by them is replaced here by a butt-type joint which is sealed on
the outside with Apiezon Wax W. This greatly facilitates chang
ing crucibles and avoids the occasional freezing of the tapered
joint. The glass-enclosed iron slug used by Beach and Guldner as
a shield for the optical window is omitted. The standard-tapered
joint used for the window was probably first employed by Walter
(29). The connections to the system and the sample loader are
made through ball joints to facilitate removal for cleaning, re-
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With about 1/. inch of mercury, the valve provides a closure for
pressure differentials up to about 2 mm. Greater differentials
tend to blow the inverted cup open or to hold it down against the

Figure 2. Schematic Diagram of Furnace
P. Borosilicate glass

Q.Ga Borosilicate glass to quartz grade
Q. Quartz

I
3'
4------t

Make parts (I" 0.0.1
about 6" lono

1"0.0.

1'0.0.

2"0.0. L
t---"'----

SluQ or Soft Iron Wire
wI. = 6.!l gram.

pull of the pickup coil. Since the installation of these glass
mercury solenoid valves no accidents attributable to them have
occurred. Previously the U-type cutoff had been involved in
two or three accidents and had always presented a safety problem
because of the slender glass tubes used for mercury risers. Ad
ditional advantages of the valves are ease and speed of operation.
Assembly of the controlling switches with indicating lights on a.
panel provides a quick indication of the opened parts of the sys
tem.

To make possible 24-hour continuous operation of the main
evacuating and circulating pumps, water safety switches (Figure
4) were designed to shut off the heating current in case of water
failure.

,"Seal off 4" above top of plun~er

f when in up position

~.e 0.0.

Figure 3. Large Mercury-Glass Solenoid Valve

A slDall valve is also used and has lit-inch ports instead of I-inch...
The solenoid, not shown here, i.s described in the text.

The cooling water from the diffusion pump enters the pressure
head tube. If the stopcock is partly open, the water in the tube
will seek a level such that the pressure head causes a rate of flow
out the bottom drainage tube which equals the rate of flow in
ward. Adjustment of the stopcock will bring this level to about
the middle of the tube. Sufficient mercury is placed in the side
tube to connect the contacts. When the water fails, the level in
the pressure head tube drops because of drainage through the
bottom tube. With loss of the pressure head, the mercury as
sumes an almost level position opening the contacts and shutting
off the heater current. The top drainage tube provides an exit for
water in case of sudden pressure surges in the water system. In
order to reduce these surges, a constant flow regulator (Fisher
Scientific 00. catalog No. 15-529) is placed directly on the line
supplying the cooling water. A General Electric electromagnetic
relay, catalog No. CR-2790-EI00A2 (115 volts, 60 cycles) is inter
posed between the contacts and the power to the heater to reduce
sparking. Of course, an electronic relay would practically
eliminate this trouble.

Copper oxide is prepared by the method of Murdock, Brooks,
and Zahn (15), resulting in a copper oxide containing 1% iron
oxide. The caked precipitate is chopped with a spatula and the
6- to 30-mesh material is separated and used.

For trap T1 methanol is previously cooled to its freezing point
by successive small additions of liquid nitrogen. The alcohol
must not be entirely frozen for two reasons: Temperatures cold
enough to trap carbon dioxide in the wrong trap may be attained
and their is some danger of breaking the Dewar flask containing
the alcohol because of expansion on freezing. The more usual dry
ice-acetone mbeture permits a water vapor pressure of 0.5 micron
of mercury and some transfer to the carbon dioxide when the
latter is collected.

Temperatures are read with a Leeds and Northrup optical
pyrometer (catalog No. 8622-0) calibrated with a National
Bureau of Standards tungsten lamp.

Procedure. Prior to each analysis the crucible is degassed by
heating to about 2000 O. higher than the temperature to be used
in the analysis. For iron and steel samples operation is at about

parI l2>

waled to parI <D

Ball jalnl

~ to analytical Iystem
and vocuum

1.25 henries, iron slug out
1.55 henries, iron slug in
285 ohms
W.S.F. 3241580

c 1;waled 10 parI l2>

D.c. resistance
Identification No.

Inductance

pair, or replacement. The ball joints are waxed on the outside.
A Heinze, 340O-r.p.m., continuous-duty air blower is used to cool
the outside of the furnace. The graphite crucible and funnel are
made of AUO grade material purchased from the National Oarbon
00. This assembly is placed in a quartz tube 51/ 2 inches long by
2 inches in diameter and is surrounded by graphite powder, 100 to
200 mesh. The powder is made by filing or machining AUO stock.
National Oarbon 00. powder No. 38 may also be used. The
quartz tube is then suspended from the hooks in the furnace by
O.050-inch platinum wire.

parI CD

The mercury lift, used to introduce samples and which seems to
have been suggested first by Derge and coworkers (8), avoids
being restricted to a given set of determinations or a given order
as generally occurs with the usual loading tree. It also avoids
lengthy storage under vacuum which tends to remove hydrogen
from steels. Nonmagnetic samples may be wrapped with iron
wire; the type used as standard chemical iron is satisfactory.
Powders may be placed inside small iron or nickel capsules.

To collect and circulate gases the mercury diffusion pump de
scribed by Naughton and Uhlig (17) is used. After it was in
stalled in the apparatus, the pumping speed was found to be about
12 liters per minute. The highest pressure that the pump would
collect at this speed was about 1.4 mm. of mercury. The main
evacuation pump is a DPI three-stage glass, oil diffusion pump
backed by a Welch Duo Seal mechanical pump.

In place of stopcocks and U-type mercury cutoffs, a glass
mercury solenoid value was designed. Although sketches of
these valves appear in the literature (13), dimensions and other
design data are given in thi:;r report and in Figure 3, as they may
prove useful to others. The coil, developed by the electrical
products group of the General Electric Research Laboratory, has
the following characteristics:

Ball

to ~\saCkel
Mercury \ $
Lifl _.

P
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where to is the initial time of opening valve G, V. is the known size
of the small volume, and V L is for the large volume. The volume
ratio is known from the calibration data 01' can be obtained from
the initial pressure in the large volume and the final pressure in
the small volume. At time t, therefore,

PL = PLO - !:l.PL = PLO - P. ;~ (2)

This pressure, P L , now approximately follows the exponential
law, so that by choosing one time neal' the beginning and another
neal' the end, an apparent average pumping speed may be calcu
lated from

is about 3.0 liters pel' minute in the range 200 to 0.2 microns
pressure.

In order to determine the pumping speed of the circulating
pump, P (Figure 1), about 300 liter-microns of nitrogen were
admitted and collected in the large volume. With G and F
closed the system was evacuated to at least 0.1 micron. Valves
B, D, E, F, G, J, K, and M were now kept closed and at a re
corded time G was opened. The pressure collected in the small
volume was measured at various time intervals. If p. is the pres
sure at time, t, in the small volume, the total loss of pressure in the
large volume, !:l.PL, during time t - to is given by

!:l.PL = P. ;~ (1)

1650° C. and degassing at 1850° C. Degassing is continued until
the blank rate at the operating temperature drops to the desired
value. This is determined by closing valves M, D, E, and F and
collecting gas for 10 minutes.

When a satisfactory blank rate has been obtained, a cleaned
and weighed sample is introduced through the mercury lift with
the assistance of a magnet, and the small air bubble which gen
erally accompanies it is pumped out. Valves M, D, E, and Fare
closed and the magnet is used to bring the sample over the vertical
tube of the furnace, where it is dropped into the crucible. The
evolved gases are pumped clockwise (Figure 1) by P into the
calibrated volume. After measurement of the pressure on G, or
G2, E, J, and K are opened and Band C are closed; thus the gases
are circulated over the trap containing the copper oxide which is
heated to about 400° C. Traps T, and T 2 are cooled with the cold
methanol previously described and liquid nitrogen, respectively.
As the oxidation proceeds, water and carbon dioxide are con
densed in T, and T 2, respectively, and the pressure decrease is
conveniently followed on the thermocouple gage. When the rate
of decrease is zero as checked on the McLeod gage, the residual
gas is collected in the calibrated volume by closing E; the pres
sure is measured on the McLeod gage and recorded as nitrogen.
Valves J and K are closed and the nitrogen is discarded through
E, M, and the vacuum lines. After evacuation, M is closed and C
opened; the liquid nitrogen is removed from T 2, the re-evolved
carbon dioxide is circulated around the main loop for a minute or
two to remove any traces of water that may have distilled over
from T 1 , and is collected in the calibrated volume by closing E,
and is measured and discarded. The methanol is removed from
T1 and the entire system evacuated in preparation for another
analysis. The difference between the original total pressure and
the sum of nitrogen and carbon dioxide pressures is attributed to
hydrogen. S = [2.303VL log (PJ/P2)J!(t. - t,) (3)

(14)
(2)

(21)
(23)
(19)
(18)
(4)

(28)
(6)

This laboratory

tOdrOin~

pressure head tube

Figure 4. Diagralll of Water Safety Switch

At the point marked 2 (Figure 1) the usual U-type mercury
cut-off is employed because another type of analysis, expected to
be possible in the same apparatus, requires a valve capable of
holding a larger pressure difference than the mercury-glass
solenoid valves used elsewhere in the apparatus. During evacua
tion of gases from the calibrated volumes or the entire apparatus,
it was found best to close this cutoff.

When the larger volume is required for the gases evolved from
the sample the valves D, E, and G are closed and F and Hare
opened. After measuring the total pressure in this case, it is con
venient to close F and to continue the analysis with the smaller
part of the sample using the small volume. The excess gas is dis
carded at the end during the general evacuation of the apparatus.

System Characteristics. With the circulation pump operating
the average pumping speed for evacuation of the entire system

The numerical subscripts indicate the early and late values of
P andt.

In the apparatus described herein this determination was
made for various amounts of heater power supplied to the cir
culating pump. The speed was found to be a maximum of 12
liters pel' minute at about 265 watts. No doubt this will vary as a
function of the rate of cooling provided and the amount of in
sulation placed around the pump.

The maximum pressure collectable by the pump was measured
by admitting various quantities of nitrogen and noting the maxi
mum value for which the thermocouple gage showed less than
0.1 micron remaining on the low pressure side. At 265 watts this
pressure was found to be 1.4 mm. of mercury. By increasing the
heater power to 300 watts 1.87 mm. of mercury could be collected,
but a drop to 10 liters pel' minute was noted for the pumpingspeed.
The lower power is now used in normal operation.

A commonly achieved blank rate in this apparatus is 0.1 to
0.2 liter-micron per minute. This is compared with that of other
laboratories in Table 1.

Table 1. COlllparison of Blank Rates
Blank Rate, Ml./Hour(STP) Reference

0.60
0.045 ± 0.015
0.006
0.004
0.9 ± 0.1
0.75±0.25
1.0
1.9
0.55 ± 0.11
0.012 ± 0.004

The preliminary results of analyses performed with the ap
paratus are summarized in Table II for oxygen and nitrogen
determined in the eight cooperative steels prepared by the
National Bureau of Standards and used in an international co
operative study (27). Because of the small size of sample (0.5
gram) and the probable concentration gradient along a radius
of the cylindrical bar of the steels, pie section-shaped pieces were
used in order to obtain representative samples of the cross section.

The arithmetic averages for the eight steels listed in Table II
are slightly different than the so-called best values assigned by
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a n, Number of determinations.
b e, Arithmetic average of the results reported by all of the laboratories

that participated in the study for the given steel.
c 8, Estima.ted standard deviation for the present results.
d Be, Estimated sta.ndard deviation for the results of the different coop..

erators.

Apiezon grease was placed in a small nickel cup and placed in
the upper section of the mercury lift. Both treatments at each
level were tested in combination with one another. The data
obtained are listed in Table III.

Table II. Results on Cooperative Steels
Oxygen Nitrogen

Found, Found,
Steel na p.p.m. eb 8' s,d p.p.m. e s,

1 3 154 181 35 33 17 26 4.5 4.5
2 3 118 135 29 33 31 39 18 11
3 3 161 168 28 40 133 135 24 24
4 7 25 26 6.2 15 17 50 5.6 23
5 25 93 92 22 25 26 40 8.9 14
6 3 48 56 1.0 16 19 44 1.0 11
7 3 937 1060 129 69 28 50 12 17
8 4 120 174 13 26 33 38 9 10

the committee reviewing the results of the cooperative study.
In general, 8 is less than 8, since 8 is for one laboratory and 8 e

for 15 laboratories. This would be in agreement with the general
feeling that variance within one laboratory ought to be less than
variance between laboratories. However, the comparison is
obscured by the fact that 8, is for the means of the 15 cooperators
while 8 is for the individual results of one laboratory. Steel 5 has
generally been used in this laboratory as a standard to detect
unsatisfactory operation.

To test the effect of stopcock grease on the blank rate it was
decided to compare alternate blank rates with and without the
presence of the grease in the region near the furnace. It also
.appeared desirable to determine the effect of length of time for
blank rate measurements. In order to test the two effects simul
taneously, and with increased precision, a 2' factorial experiment
(5) was chosen as a useful design. The treatments and levels
were as follows:

(4)

DETERMINATION OF OXYGEN IN CHROMIUM BY VACUUM
FUSION METHOD

The approach to the problem in this laboratory differs some
what from the excellent one that Sloman and coworkers (25)
recently described. Their method for determining oxygen in
volves the following steps. The minimum operating tempera
ture is determined for the oxide of the metal being investigated.
An experiment is made to determine the maximum concentration
of metal allowable in the iron bath or flux used in the graphite
crucible. Then the gas content of the sample of metal used for
the preceding step is determined accurately. Repeated deter
minations are made to check the procedure and to approach the
maximum concentration deterJIlined earlier to discover at what
point low results become apparent. As a check the metal of
known gas concentration is then used to repeat the first step.

The following work done at this laboratory on chromium
(a metal not included in the recent Sloman experiments) involved
the following steps:

1. A synthetic mixture of oxide and metal powder was
analyzed for oxygen at a variety of temperatures using an iron or
other type of bath. Careful account was kept of all materials
added to the graphite crucible-for example, samples, bath
material, and wrappings or capsules for samples.

2. The chromium metal powder used in step 1 was analyzed
for oxygen by an independent method. The known amount of
oxygen in the synthetic chromium-chromic oxide mixtures could
then be computed, and the recoveries determined in step 1 could
also be computed according to

R = oxygen found X 100
oxygen expected

given these results. It appears safe to conclude, therefore, that
Apiezon M grease causes an increased blank rate. This increase
-about 0.024 liter-micron per minute in this case-may not be
of practical significance, however, unless extremely low blanks
are being attempted. On the other hand, in the low pressure
combustion method for carbon determination (16, 30), the effect
might be greater because of combustion of the grease vapors and
probably should be checked by users of that method.

3. The values of R were next fitted by the method of least
squares to an equation of the form

R = a + clC + c,C' + tiT + 0.T' + kCT (5)

Levels

Present, absent
10 minutes, 20 minutes

Treatments

Grease
Blank collection time

a N. no grease present; G, grease present; 10, IO-minute blank deter
minations; 20, 20-minute blank determinations.

Table III. Effect of Stopcock Grease on Blank Rate
Set Run Descriptiona Blank Rate, p/Min.

II N-lO 0.177
G-20 0.182
G-10 0.177
N-20 0.157

Set I (not shown) was invalid, since it was performed in a differ
ent manner and had resulted in grease being present when not
desired. Set II was expected to be relatively insensitive to the
effects looked for, since temperatures more erratic than usual
were observed. Set III appeared to be satisfactory. The sets
were performed on different days. Analysis of variance per
formed on set III alone indicates· that time has no significant effect
on the blank rate. The presence of stopcock grease, however,
increases the blank rate, with the chances being only about 1 to 21
that the difference could have been obtained by chance alone.
Sets II and In can be analyzed together with the effect of days
(or sets) removed. This analysis also gives no significant time
effect. The grease shows an increased blank rate again, this
time with the odds being about 1 to 32 that chance could havE'

III N-lO
G-20
G-lO
N-20

0.201
0.236
0.227
0.190

where a, CI, C" tl, t2, and k are constants, C is the weight per cent
of chromium in the molten bath into which a given sample is
dropped, and T is the centigrade temperature at which the re
covery was determined. This form of equation was chosen be
cause it is simple and allows interacting and conflicting effects to
be expressed.

4. Steps 1 and 3 were repeated for other bath materials in an
attempt to improve recovery.

Materials. CHROMIUM. Metal powder purchased from the
Fisher Scientific Co. was used. This was labeled "about 98%
pure." The major impurities as determined in this laboratory
were found to be 1.3% iron, about 0.6% silicon, and 0.2% carbon.
According to this research, it contained about 0.5% oxygen.
Other minor impurities amounted to about 0.3%.

CHROMIC OXIDE. Baker's analyzed powder containing 0.4%
unidentified substances not precipitated by ammonium hydroxide
was used.

IRON. National Research Corp. High purity iron was used as
a flux material.

TIN. Baker's analyzed tin (20-mesh granules) was used as an
additive to the iron flux.

ALUMINUM. Foil as purchased from Fisher Scientific Co. in roll
form was used as a wrapping for powder.

WIRE. Standardizing iron wire from J. T. Baker was used to
wind around aluminum-wrapped powders.

NICKEL. Commercial Grade A nickel was used to fabricate small
nickel ca psules.

Procedure. Four series of recovery determinations were made
using a synthetic mixture of chromium and chromic oxide con
taining 10% by weight of the oxide. Two more series of deter
minations were made using the chromium powder from which the
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Table V. Recovery of Oxygen frolll Synthetic Chrollliulll
Chroillic Oxide Mixtures with Iron-Tin Bath

Table IV. Recovery of Oxygen frolll Synthetic Chro
llliulll-Chrolllic Oxide Mixtures with Iron Bath
c, Wt. % T, 0 C. R, %

00.0 1648 39.8
10.3 1751 23.2
14.9 1854 15.1
18.9 1854 11.4
20.9 1751 18.5
24.5 1648 31.6
13.5 1544 31.9
15.0 1544 27.8
19.3 1544 29.4
20.7 1544 27.3
21. 9 1544 28.1
23.2 1544 24.6

Av. 25.7
Varianee 61. 3

The determinations involving the pure chromium powder
(Tables VI and VII) were carried out at 1800· C. In one series,
aluminum foil and iron wire were used as already described.
The other series was performed using small nickel capsules to
contain the powder. These capsules, fabricated of Grade A
sheet nickel, each consisted of a top and bottom part, the cap and
the can. Each part was shaped like a right circular cylinder
and the cap was constructed to fit snugly over the can. The
can had a 3/w inch diameter and height. A No. 80 driJl was
used to make a hole in the cap. When used, the powder was
placed in the can and the cap squeezed on. When the vacuum
fusion apparatus was ready for a sample, the capsule was intro
duced through the mercury lift. The capsule was permitted to
rest in the upper part of the lift until the few liter-microns of
air thus introduced were pumped out. The hole in the cap, of
course, permitted any residual air inside the capsule to be with
drawn also. In both series, analyses of chromium were alter
nated with analyses of blanks and of sample containers (alumi
num-iron combination or nickel capsule).

It was desired to check the determination of oxygen in chro
mium by the independent method mentioned by Short (20), which
was apparently taken from an earlier but incomplete description
in the article by Adcock (1). EssentiaJly, Short's method was to
anneal the chromium in vacuum at 800· C. for 2 hours, cool,
dissolve the metal in 1.2N hydrochloric acid, and filter, wash,
ignite, and weigh the residue as chromic oxide. Since the interest
of this work was in relatively small amounts of oxygen and in
small samples, the weighing part of this procedure appeared to
be a drawback. For this reason some effort was spent in re
placing this part of the method by a colorimetric determination.
As finally worked out, the procedure decided upon was the same
as Short's, except that the washed filter paper and residue were
ignited in a nickel crucible. Then 3 grams of potassium persul
fate and 5 grams of potassium hydroxide were added and the
mixture was fused. When the cooled fusion mixture is dissolved
in water, any chromic oxide present appears as potassium dis
chromate in a basic solution. Measurement of the filtered and
diluted solution on a Beckman Model B spectrophotometer at
370 mIL gave the amount of chrom UD' by reference to a standard
curve previously prepared. Prior experiments with ignited chro
mic oxide had shown that this fusion procedure coupled with the
colorimetric determination gave about 99% recovery. The
missing 1% may be attributed either to impurity in the oxide or
to loss as a result of the analytical method. In either case, the
magnitude involved is insignificant. Calculation to chromic
oxide and hence to oxygen is straightforward. The only chro
mium analyzed and reported here was that previously described.
AJI impurities would either be separated by the basic nature of
the final solution or would not affect the color measured by the
spectrophotometer. The results of these measurements will be
treated later. Future work is planned on this method for deter
mining oxygen in chromium.

Results. The recoveries determined experimentaJly with the
synthetic chromium-chromic oxide mixtures are shown in Tables
IV and V. Tables VI and VII give quantities of gas obtained
from chromium powders. The data from these two tables are
treated further in Tables XI and XII. Symbols T, C, and R
have the meanings previously assigned in connection with Equa
tion 5.

In Tables IV and V the indication of temperatures to within
1· C. should not be construed as an assertion of precision or ac
curacy of measurement. The original readings were at even 50·
C. intervals probably good to within 10· C. The odd figures
of the tables were the result of calibration corrections. In least
squares computations it is wise to carry a little more precision
in the data than is warranted. The rounding is performed later.
Pressure measurements of Tables VI and VII were indicated
more precisely than warranted for computation reasons also.

1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
3
3
3

T, 0 C.

1544
1544
1544
1648
1648
1648
1751
1751
1751
1'854
1854
1854
1751
1802
1802
1854
1802
1854
1751
1854
1751
1802
1751
1802
1854
1802

C, Wt.%
3.7

10.2
26.2
14.7
19.0
24.3
2.4
8.1

23.3
5.0

12.2
25.3

1.06
2.07
3.05
4.01
5.86
6.74
7.82
8.86

10.73
11.58
12.43
4.38
8.65

11.22

R, %
68.7
65.6
61.5
77.8
72.2
75.0
72.2
68.9
73.6
79.9
76.1
71.7
86.8
76.9
78.3
59.0
72.0
56.1
.48.6
40.0
56.1
36.5
41.2
'i8.5
66.2
63.5

Av. 65.5
Varianee 211

a All results with L = 1 were obtained with one crucible, those with L = 2
with anot.her, etc.

synthetic mixtures were made. At first iron was used as the flux
material in the graphite crucible. In the remaining work an
iron and tin mixture containing 20 to 25% tin by weight was
used. The purpose of the first four series was to compare the
recoveries as a function of the bath material and to attempt to
determine the best operating conditions utilizing Equation 5 as an
empirical description. This procedure alBo permitted the alterna
tion of recovery determinations with unknown sample deter
minations as a service to other sections of the laboratory. This
was done with some degree of confidence by using the recovery
determinations as correction factors for the unknowns. The last
two series, in addition to furnishing data for the chromium
powder, made possible certain comparisons which will be dis
cussed later.

The procedure followed was essentiaJly that described pre
viously with minor modifications. The various powders were
wrapped with aluminum foil and iron wire, except as indicated
in Table VII, where nickel capsules were used. The quantities
generally used were 100 mg. of powder, 30 mg. of aluminum,
and 20 mg. of iron wire. The powder was wrapped with the foil
and then wound with the wire; this could then be introduced
through the mercury lift. A record was carefully kept of the
various materials and samples introduced into the crucible so
that a reasonable knowledge of the chromium content was
available. From prior determinations made upon the wire
and foil, it was known that these materials contributed negligible
amounts of gas to the gas obtained from the synthetic metal
oxide mixtures. For these mixtures also, a few prior analyses
showed that the nitrogen and hydrogen content of the gas was
sufficiently small to be neglected. Therefore, only a determina
tion of total gas as carbon monoxide was required of the mixtures.
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Table VIII. Recovery of Chrolllic Oxide by Basic
Persulfate Fusion

a All gas samples were measured in the small volume (0.951 liter) of the
apparatus (shown as I in Figure 1), except those for samples of chromium
powder. These latter were measured in the combined volumes (4.90 liters,
I and II). The blank pressures for the chromium samples were measured in
I and corrected to the large volume by the factor 0.194 (= 0.951/4.90).

b 'Vhere no weight is given for either chromium or aluminum-iron, the
run was a blank determination, for which only the relative composition is
needed.

C For samples or wrapping nlaterials, the pressure of carbon dioxide is
given. The accumulated pressure of blank gas is determined by blank rate
X collection time. As explained in connection with Tables XI and XII, the
percentage of carbon dioxide in the blank multiplied by the a.ccumulated
pressure of blank gas gives the blank correction.

Tahle VII. Analysis of Chrolllium Powder hy Vacuum
Fusion with Iron-Tin Bath at 1777 0 C.a

(Nickel capsules)

Sample Weightb, Mg. CO,c Blank
Gas e, Cr in Bath,

Run No. Cr Ni Capsules, I' % I' Wt.%
1

20:87
36.82 0.00

2 415.4 6.30 0.00
3 99.8 408.1 80.37 0.75 0.00
4 72.95

3:77
0.65

5 437.3 13.90 0.65
6 100.2 434.6 103.00 0.70 0.63
7 52.44 1.22
8 427.8 15.14 5.07 1.22
9 99.7 401.3 89.90 0.64 1.19

10 32.68 1.73
11

100:4
428.0 19.60 3.77 1.73

12 425.6 72.30 0.73 1.69
13

7:08
45.35 2.19

14 422.3 5.40 2.19
15 100.4 436.7 77.16 0.12 2.14
16

422:4
14.79

1 :07
2.61

17 100.5 73.90 2.61
18 12.96 3.05
19 425.9 2.01 2.51 3.05
20 100.2 417.8 72.30 0.12 2.98

Recovery, %
98.91
99.09
98.79

Av. 98.93 ± 0.71
(95% confidence limit)

CnO, Found, Mg.

18.20
17.44
17.98

CnO, Taken, Mg.

18.4
17 .6
18.2

chromium content of the molten bath. For the iron bath (data
from Table IV) the variance ratio for the arithmetic average and
the equation is 6.61 (61.3/9.28). The odds are about 1 to 50
that this could happen by chance if there were no real improve
ment due to the equation. For the iron-tin bath this ratio is
1.42 (211/156) and the odds on this being a chance happening are
approximately 1 to 4. These two facts taken together appear
to justify the equation as an approximate empirical description
of the results.

It is important to observe that the data for Table IV and Table
V, even when considered merely by the average, indicate a signifi
cant increase in recovery when tin is added to the molten bath.
The approximately 20% difference gives a t (difference/standard
error of the difference) of 5.44 which by Student's test (10)
is very highly significant. This can be taken as sufficient evi
dence that tin in the iron bath improves the recovery of oxygen.
This effect is probably dependent upon the characteristics of the
apparatus. The General Electric Research Laboratory (9)
made the observation that tin improved the recovery of oxygen
from one of the NBS cooperative steels but that the use of tin
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Table VI. Analysis of Chromium Powder hy Vacuum
Fusion with Iron-Tin Bath at 1777 0 c.a

(Aluminum-iron wrapping)
Sample Weightb, Mg. CO,c Blank Cr in Bath

Run No. Cr AI-Fe I' % Gas,c p. Wt. %
1 59.25 0
2 54 0 43.60 9:80 0
3 100.3 55.5 117.8 1.28 0
4 58.44 0.68
5 53.2 48.73 6.45 0.68
6 58.15 0.68
7 100.5 51.6 115 2~ 1.42 0.68
8 58:23 1.34
9 50.9 38.76 4:81 1.34

10 5897 1.34
11 100.1 52.9 113 38 0.85 1.34
12 60.18 1.99
13 52 3 44 05 4.08 1.99
14

1i8:iH
50.02 1.98

15 99.9 52 4 l:i 1 1.98
16

52:8
51.57

6:00
2.61

17 45 05 2.61
18

100:2
38 53 2.60

19 51.5 119.00 0.88 2.60
20 44. 12 3.22
21 51.4 39 73 7.56 3.22
22

100:4
44 81 3.21

23 52.4 118 61 0.84 3.21
24 46.18 3.82
25 49.8

40:39
3.82

26
6:i2

3.81
27 51 .0 40.43 3.81
28

50:0
34.63

0:86
3.79

29 100.3 118.61 3.79
30 41.82 4.39

a All gas samples were measured in thc small volume (0.951 liter) of the
apparatus (called I), except those for samples of chromium powder. These
latter were measured in the combined volumes (4.90 liters, I and II). The
blank pressures for the chromium samples were rneasured in I and corrected
to the large volume by the factor 0.194 (= 0.951/4.90). .

b Where no weight is given for either chromium or aluminum-iron, the
run was a blank determination, for which only the relative composition is
needed.

C For samples or wrapping materials, the pressure of carbon dioxide is
given. The accumulated pressure of blank gas is determined by blank rate
X collection time. As explained in connection with Tables XI and XII, the
percentage of carbon dioxide in the blank multiplied by the accumulated
pressure of blank gas gives the blank correction.

The error of pressure reading is in the neighborhood of 0.09
times the square root of pressure.

Table VIII shows the recoveries of chromic oxide as given by
the basic presulfate fusion described previously.

Table IX gives the oxygen content of the chromium powder
used to make the chromium-chromic oxide mixtures which were
used to obtain the data given in Tables IV and V, as determined
by the modified acid solution method of Short.

Discussion. For reasons already given, it was decided to at
tempt to fit the vacuum fusion recovery data to a power series
equation in C and T, the 'chromium content of the bath and the
operating temperature, respectively. As indicated by Equation
5, this would involve evaluation of six constants. The method of
least squares is probably the best method of curve fitting, al
though in this case it involves excessive labor in computing the
extensions and solving a linear system of six simultaneous equa
tions. At first this was attempted with a desk-model electric
calculator. The lengthy work involved and the uncertainty
of checking for errors led to the use of IBM computing machines
resulting in a substantial reduction of the computation time.
The equations so obtained are listed in Table X.

In Table X the variance of fit has been included for purposes of
making statistical decisions. This is defined as

where R, ifl an experimentally determined recovery, Rc the cor
respondingly calculated recovery for the given set of constants, n
the number of experimental points, and q the number of con
stants. The summation is taken over all the experimental points.
The value of computing the variance lies in the possibility of
showing that Equation 5 with the constants indicated in Table X
is a more satisfactory representation of the data than is the arith
metical average of results without regard to temperature or

v = ~ (Rc - R,)2
n - q

(6) Tahle IX. Oxygen Content of Chrolllium Powder by
Modified Method of Short

Wt. of Cr Taken, G. Oxygen Wt. Mg. Oxygen, Wt. %

1.015 5.21 0.513
1.003 5.18 0.517
1.018 5.91 0.580
0.992 4.93 0.497
1. 000 5.35 0.535
1.001 5.49 0.549

Av. 0.532 ± 0.031 %
(95% confidence limit)
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Constants for Equation 2 as DeterInined by Least Squares
a Cl C2 h h k Variance

-387.97 -2.689 +0.0325 +0.56626 -0.00018601 +0.000834 9.28
-287.19 -6.453 +0.1217 +0.46940 -0.00014735 +0.001752 155.86

was unnecessary for this sample after the apparatus was changed
to improve the pumping speed at the outlet of the furnace.

The equations show decreasing recoveries as the chromium con
centration begins to increase in the iron-tin bath. This can be
seen by computing the partial derivative (OR/OC)T, which by
consideration of Equation 5 must be equal to c, + 2c2C + kT.
For 1750° C. and 0% chromium in the bath this derivative be
comes for the iron bath -1.23 and for the iron-tin bath -3.39.
The significance of these numbers as usable figures is questionable
but the fact that both are negative appears to bear out the con
tention that additional chromium samples added to the same
crucible reduce the recovery of oxygen. The square term indi
cates only very slight alleviation of this problem by showing a
tendency to increase the recovery and the alleviation is so small
that questioning its validity is justifiable.

Another interesting effect is observed by computing the tem
perature coefficient for recovery, (oR/oT)c. Recourse to
Equation 5 again shows this to be.t, + 2~T + kC. At 0% chro
mium this becomes t, + 2~T. Both equations show a maximum
at some temperature. These temperatures for maximum re
covery (at 0% chromium) are (Tm = -t,/2t2 ) 1522° and 1593° C.
for the iron bath and the iron-tin bath, respectively. The maxi
mum for the iron bath at a temperature outside the range of
experiments should not be considered dependable; rather, it
shows ever-decreasing recoveries as the temperature increases.

In order to check these results and to answer a few other
questions, the two series of determinations were carried out using
the chromium powder. The data of Table VI were first analyzed
for dependence of blank on the chromium content of the bath.
This dependence was highly significant with odds in its favor
greater than 1000 to 1, and it may be expressed in the form y =

62.88 - 5.497 C, where C is the weight per cent chromium and
y is the volume per cent carbon dioxide in the blank. Using this
equation, the oxygen results for the aluminum-iron wrapping
were corrected for their blanks. Since the ratio of aluminum
to iron was kept practically the same throughout the experi
ment, it is possible to determine the wrapping correction as a
function of the total weight of wrapping. The earlier statement
that blanks need not be considered for the recovery determina-

Oxygen,
P.P.M

4576
4479
4425
4652
4669
4640
4661

4586

Oxygen, P.P.M.

3248
4187
3681
2928
SI61
3043
3021

3324

Av. found

108.9
106.8
105.1
110.3
111.0
110.5
110.9

tions may be checked at this point. The
chromium-chromic oxide mixtures con
tain 3.16% oxygen. This gives about
700 microns in a 5-liter volume. Blank
correction of about 1 micron is obviously
insignificant. Up to about 1% error
(caused by blanks, etc.) can be admitted
before corrections are needed. The
corrected results showed no dependence.
upon chromium content and an average
0.756-micron pressure of carbon dioxide
per milligram of wrapping contributed to
volume I. Having both a blank correc
tion and wrapping correction, these could
be used for the chromium powder
analyses. Table XI shows the final result
of these calculations.

One of the purposes of this series was
to compare the oxygen found by the
vacuum fusion method to that found by
the method of Short. Table IX shows
the results by Short's method, and the
recovery by method of vacuum fusion
may now be computed by 0.459/0.532 X
100 = 86.3%. The constants listed in
Table X for the iron-tin bath when used
with Equation 5 at 1777° C. and C =

1.94 (the average value of C in Table XI)
give 75.6% recovery. The agreement
within limits of experimental error

suggests that the equation is a reasonable description of effects
of temperature and chromium concentration. 'While 100%
recoveries would be desirable, analyses may be performed by
occasionally running chromium powder as a standard.

The data of Table VII were taken in an attempt to compare
nickel capsules with the aluminum-iron wrapping technique.
These data were analy~ed in the same manner as those of Table
VI although it was noted that the nickel capsule oxygen contri
bution varied with the square of the chromium concentrations.
The significant corrections were found to be y = 59.73 - 13.11 C
and z = 0.734 - 0.07062 C2, where y and C have their previously
described significance and z is the capsule pressure. contribution
to the large volume in microns per 100 mg. of capsule. The
computations and results are now given in Table XII.

The result for Table XI is significantly different from that for
Table XII. Student's t for the difference between the averages
is 7.20, whereas t significant at 5% is 2.18. The fact that the
chromium dependence of the blank is greater for Table XI and that
the nickel capsule contributes less and less, points to a deleterious
effect of nickel. It appears wise to avoid the use of nickel.
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CO,
Sample, "

CONCLUSIONS

Because of the work reported here, it is believed that the
vacuum fusion method using an iron bath containing 25% tin
and operating in the neighborhood of 1600° C. is satisfactory
for determining oxygen in chromium. As samples are added to
the bath, the recovery of oxygen under these conditions begins at
about 85% and drops to the neighborhood of 70% when the bath
concentration has reached 5% chromium. During a series of
determinations, the use of occasional standards to check the
recovery is advisable. Wrapping material of aluminum foil and
iron wire for powders is superior to nickel.

76.93
99.57
87.08
69.77
75.32
72.56'
71.83

Av. found

8.1.
7.6
7.8
7.7
7.6
7.7
7.3

3.00
3.07
2.54
2.26
1.80
1.07
0.45

0.8
0.8
0.5
0.6
0.4
0.4
0.4

0.44
0.36
0.28
0.27
0.04
0.27
0.02

Analysis of ChrOlniulll Powder
(From data of Table VI)

Blank Wrapping
Correction, Correction,

" "

Analysis of Chrollliulll Powder
(From data of Table VII)

Blank Capsule CO,
Correction, p, Correction, Il Sample, Il

co" "
117.8
115.2
113.4
118.6
119.0
118.6
118.6

CO,. "
80.37

103.00
89.90
72.30
77.16
73.90
72.30

Table XI.

Table XII.

Cr, Wt. %

0.00
0.68
1.34
1.98
2.60
3.21
3.79

Cr, Wt. %
0.60
0.63
1.19
1.69
2.14
2.61
2.98

Table X.

Sample
Wt., Mg.

100.3
100.5
100.1
99.9

100.2
100.4
100.3

Bath

Iron
Iron-tin

Sample
Wt., Mg.

99.8
100.2
99.7

100.4
100.4
100.5
100.2
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Comparison of Spectrochemical and Semimicromethods
in Analysis of Petroleum Ashes

G. V. DYROFF, JOHN HANSEN, AND C. R. HODGKINS

Research Division, Standard Oil DeVelopment Co., P. O. Box 51, Linden, N. J.

Because of the great hnportance attached to the quantitative deterllIination of
trace elellIents in petroleullI fractions, and because either a spec,trochellIical Or
a sellIilllicrollIethod ofanalysis llIUSt be ellIployed, it is essential to know whether
or not these two llIethods yield COllIparable results. SallIples of ashes frollI vari
ous petroleullI fractions have been analyzed by spectrochellIical and sellIillIicro
procedures and the data obtained have been subjected to a statistical evaluation.
The results of this study have indicated that, although there are some differences
between the two procedures, in general, one method is as effective as the other.
The coefficient of variation for the various determinations is of the order of
+10%. Statistics can be a powerful aid to one's judgment when a choice be
tween two methods of analysis must be made. In the analysis of residua from
petroleum stocks, the present procedures should be improved, in order to obtain
an increase in precision.

AKNOWLEDGE of the quantity and composition of the
residue remaining after the combustion of a petroleum crude

is important to establish economic refining practices and utiliza
tion of petroleum products. During the processing of crudes, this
noncombustible material becomes concentrated or distributed
in certain of the fractions. The extent of this distribution
varies according to the type of processing and the peculiar nature
of the metal-bearing material, which may be either suspended
salts or oil-soluble metal containing organic complexes. Al
though the ashes of petroleum stocks often contain a wide variety
of elements, sodium, vanadium, nickel, and iron are those most
universally found, and therefore, they are of greatest interest.
The quantitative determination of these elements found in the
ashes from cata.lytic feed stocks and burner fuels is among the
more frequent analyses performed in a petroleum analytical
laboratory.

In view of the limited amount of ash obtained from many of the
samples submitted for analysis, spectrochemical and/or semi-

micro wet chemical techniques must be employed in the analysis
of these ashes.

The evaluation of a method of analysis as applied to a given
type sample is based on the precision and accuracy attainable.
Statistics offer a powerful tool for comparing several methods of
analysis and are an aid to one's judgment in choosing an economi
cal and effective method of analysis.

This paper presents a statistical evaluation of the results ob
tained for the analysis of four petroleum ashes by a spectro
chemical and semimicromethods of analysis.

EXPERIMENTAL

Spectrographic Procedure. The wide variation in major con
stituents of the ashes from various petroleum stocks dictates the
use of a common matrix system. Here, all samples are given the
same major constituent, a flux, thus reducing the concentrations
of the sought elements to a level of minor constituents or traces in
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Figure 1. Diagralll of
Electrode
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Figure 2. Diagralll of Electrode Cutter

consists of a slotted cylindrical tube for shaping the tapered edge
and a'ls-inch drill for cutting the crater. Diagrams of the
sample electrode and cutting tool used are shown in Figures 1
and 2.

The counterelectrode is prepared by scoring the 'is-inch rod
at 2-inch intervals and breakmg at the score mark. The raw
surface at the break is used without any shaping.

Sample Preparation. Inasmuch as the majority of samples
received in a petroleum laboratory are organic in composition, it
is first necessary to ash a sufficient quantity of hydrocarbon to
produce at least 10 mg. of residue. In ashing, the sample should
be burned at the lowest possible temperature to maintain com;
bustion and then ignited in a muffle at 1000 0 F. The per cent
ash is calculated when the final results are to be related to the
original sample.

All ashes and dry solid samples must be ground and mixed
using a mullite (or equivalent) mortar and pestle.

Preparation of Common Matrix Mixture. Dissolve 0.2000
gram of cobalt metal (nickel and iron-free, Fisher Scientific Co.,
C.P. reagent No. 363 or equivalent) in 10 m!. of 8N nitric acid.
Add 25.0 grams of spectroscopically pure graphite powder
(National Carbon Co. SP No.2) and sufficient distilled water to
produce a pasty mixture. Heat this mixture on a hot plate, stir
continuously until dry, then increase the heat to expel the oxides
of nitrogen completely. A temperature of 700 0 to 750 0 F. is
required. By this procedure, the cobalt oxide will be uniformly
deposited on the powdered graphite.

The finished common matrix mixture is prepared by thor
oughly mixing and grinding together one part of the cobalt
impregnated graphite powder and one part of spectroscopically
pure lithium carbonate.

Calibration. The standards to be used to establish the analyti
cal curves may either be synthetically prepared mixtures of C.P.
chemicals comparable to the samples to be analyzed or a number
of the actual samples which have been chemically analyzed a
sufficient number of times to establish firmly the concentration
of the elements of interest. The standard or analyzed samples
should cover the range of concentration which is to be encoun
tered, so that extrapolation will be avoided.

ARL-Dietert No. 2250 projection compara-

ARL-Dietert No. 2060 1.5-meter grating

ARL-Dietert No. 2040 alternating current arc

a common matrix. A number
of common matrix-type tech
niques using a variety of com
pounds and mixtures have
been described in the literature
(2, 7, 11-14. 17-20, 25, 26).
The use of lithium carbonate as
described by Weaver and
Brattain (25), however, ap
peared to be most suited to
the problem. These authors
describe a common matrix sys
tem using lithium carbonate as
a buffer and the direGt current
arc as a source of excitation,
burning the sample to comple
tion. The success that this
laboratory has had in using the
alternating current are, with its
high analytical accuracy and
negligible spectral background,
led to the investigation of the
possibility of using this excita
tion source. Preliminary work
showed that this type of excita
tion did not have sufficient
spectral sensitivity to give
spectrograms of suitable
density. This deficiency was
overcome by using an equal
part of powdered graphite
with the lithium carbonate. The powdered graphite serves to
enhance the spectral lines sufficiently to give the required spec
tralline density.

The paucity of lithium lines in the region of interest (3000 to
3400 A.) led to the use of cobalt as an internal standard. This
choice was governed mainly by the similarity in excitation char
acteristics of cobalt to those of the sought elements-iron, nickel,
and vanadium. Its arc behavior parallels that of sodium to a
fair degree so that a single internal standard line (Co 3044.0 A.)
can be used as a reference line for the four elements. Originally,
the number of elements determined was limited to these four
because they were considered to be major contaminants, and it
was hoped that by establishing conditions for a limited number of
components per sample it would be possible to obtain a more
favorable error factor. However, it was found that the method
could be applied to a wide variety of samples and in most caSeS
without a sacrifice in accuracy. The method described has been
satisfactorily applied to the following types of samples: ashes of
crudes, bunker fuels, feed stocks, or other petroleum fractions;
fireside boiler deposits; combustion chamber and other engine
deposits; and used crankcase lubricants.

Apparatus. The following apparatus was used in the develop
ment of the method. Comparable equipment may be substituted
if more readily available.

SPECTROGRAPH.
spectrograph.

EXCITATION.
unit.

DENSITOMETER.
tor densitometer.

DEVELOPING UNIT. ARL-Dietert temperature controlled
rocking developing machine.

FILM. Eastman Kodak SA No.1.
ELECTRODES. National Carbon special spectrographic graph

ite '/4- and 'is-inch electrodes.
The sample electrode is prepared by scoring the '/.-inch rod at

2-inch intervals and breaking at the score mark. The electrode
is shaped by cutting a crater into the end with a'ls-inch drill,
'!Is inch in depth, and the outside wall of the crater is tapered at
a 45 degree angle to give a feather edge. The cutting device
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Lines of

Na-3302.3
3303.0
2853.0

Ca-4302.5
4318.7
3179.3

Mg-2795.5
2779.8

Pb-2833.1
2663.2

Fe-3020.6
~966.9

3008.1
3009.6

Cu-3274.0

Ba-3501.1
3071.6
2335.3

Ca-4302.5
3179.3

Fe-3020.6
2966.9

Pb-2833.1
2614.2

Ag-3280.6
Cu-3274.0
Cr-4254.3

3021. 6
AI-3944.0

3082.2
8i-2881.6

2514.3

Element Line, A.
V-3202.4

3212.4
3184.0

Fe-3020.6
2966.9
3008.1
3009 .6

Ni-3414.8
3391.1

C0--3044.0

Co-3048.9

Co-3044.0

Internal Standard and ElelTIent
Different Types of SalTIples

Internal Standard
Line,A.

Co-3044.0

Table I.

Combustion chamber and other
engine deports

Used crankcase lubricants

Type of Sample
Ashes of crudes, bunker fnels;

feed stocks or other petroleum
fractions; fireside boiler de~

posits

results taken from the analytical curve must be adjusted for the
weight of sample taken.

When the final results are to be reported as related to the orig
inal sample, the per cent of element found in the ash is multiplied
by the per cent ash in the sample.

% element in sample =
% element in ash X % ash

100

Preparation and Analysis of Synthetic Ashes.
Three synthetic ashes were prepared from C.P.

chemicals to establish the accuracy of the
method. Ten grams of each were prepared by
weighing the dried chemicals onto a tared watch
glass making all weig,hings to the nearest milli
gram. The chemicals were then transferred to
a piece of glazed paper and rolled to effect com
plete mixing. The mixtures were then ground
and mixed using a mullite mortar and pestle.
The ground portions were placed in a large
weighing bottle and rolled and shaken before
use. The composition by synthesis of the simu
lated ashes is shown in Table II along with the
spectrochemical results.

Semimicroprocedure. Past experiences in this
laboratory with analyses of this type have given
the impression that not all methods of putting the

sample into solution were equally efficacious. Therefore, before
comparing the spectrochemical and chemical methods of analysis,
it became necessary first to study the wet methods in order to
choose the best method for making the comparison. Three
methods of dissolving the sample were chosen for study. These
methods are as follows:

I. The ash sample is fused with sodium carbonate, the melt
is leached with water, and the insoluble residue is digested with
concentrated hydrochloric acid.

E.K. D19 developer, 5 minutes, 68° C.
5 m!. glacial acetic acid in 400 m!. water, 15 seconds
G.E. x-ray fixer, 1 minute
2 minutes
A.R.L. film dryer, 2 minutes

GL IFIGURE 3
ANALyTICAL CURVE FOR VANADiUM DETERMINATION
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Developer
Shortstop
Fixer
Water wash
Drying

Weigh exactly 10 mg. of the synthetic or analyzed standards
and 90 mg. of the common matrix mixture; mix together thor
0.ugbly by gr~nding. In order to extend the range of concentra
tions, the weight of standard may be varied from 2.5 to 15 mg.
The cavity of the sample electrode is packed level full of the
standard matrix mixture.

The processed film is placed in the densitometer and the trans
mittance of the selected analytical lines is determined. The
densitometer is adjusted to 100% transmittance for the back
grouna'adjacent to the line.

The intensity ratio of the analytical lines to the cobalt internal
standard line is determined by applying the transmittance
readings to a film calibration curve. The intensity ratios for
each concentration are averaged and the milligrams of metal
versus average ratio are plotted on log-log coordinates, as illus
trated in Figure 3 for vanadium.

Place the prepared sample electrode in the lower electrode
holder of the arc-spark stand and adjust the counter electrode to a
6-mm. gap; the optical axis is at the midpoint of the gap. The
sample is then arced under the conditions found by experiment
to yield spectrograms suitable for densitometering. The condi
tions found to be satisfactory are as follows: type of excitation,
alternating current arc; voltage, 5 kv.· current, 2 amperes;
slit width, 50 microns; and arcing tim~, 75 seconds. (When
this method is applied to the analysis of used railroad Diesel
oils, two additional electrodes of the sample mixture must also be
excited in the direct current arc for the determination of silicon.
The conditions of excitation and the required filter in the optical
path must be determined by experiment.)

In order to read the analytical lines at the optimum trans
mittance, the energy passed by the 25, 50, and 100% steps of a
rotating four-stepped sector is photographed.

The details of the photographic processing are as follows:

The analytical lines of the sought elements and the internal
standard found to be satisfactory in the analysis of the different
types of samples are given in Table I.

In the analysis of a sample, the procedure is the same as that
described for the calibration. It is important that all samples be
ground and mixed thoroughly. Two spectrograms are prepared
for each sample and the intensity ratio is averaged to. obtain a
result.

Calculations. To complete the analysis the transmittance
readings of the element lines and internal standard line are ap
plied to a gamma curve (film calibration curve) and the intensity
ratio is determined.

These intensity ratios are ~hen applied to the analytical curves
and the concentrations of the elements sought are determined.
In instances when the sample weight is other than 10 mg., the
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a. Typical spectrochemical results, lO-mg. sample weight, average of two electrodes.

3.78

39.2

18.5

Fe,O.
(as % Fe)

3.50

Syn. Spec.e

42.0

17.5

Modification II. Weigh approximately
10 mg. of sample into a small beaker.
Add 5 ml. of 1 to 1 sulfuric acid, and heat
on a hot plate for 2 to 3 hours. Cool and
dilute to about 25 m\. with distilled water.
Filter into a volumetric flask and wash
the residue thoroughly with hot distilled
water, adding the washings to the solu
tion in the volumetric flask. Cool and
make up to volume. Ignite the paper
and residue as described in modification
1. Fuse the insoluble residue with about
0.5 gram of potassium bisulfate. Dis-
solve the melt in water and make up to a
convenient volume. (Do not add this
solution to the acid-soluble portion.)

For the separations and analysis, proceed as follows:
VANADIUM. Dilute a suitable sized aliquot of the acid solution

to about 30 ml. and electrolyze on a mercury cathode for 1 hour
to remove the iron, nickel, etc. Determine the vanadium as
previously described.

IRON AND NICKEL. Dilute a suitable sized aliquot of the acid
solution to about 30 ml. Make decidedly alkaline to litmus with
sodium hydroxide (pellets or flakes are preferable to a solution),
add about 0.5 gram of sodium peroxide, and heat to boiling.
Filter and wash the precipitate thoroughly with hot water. The
precipitate contains the iron and nickel. Dissolve the precipitate
with a small amount of hot 1 to 1 hydrochloric acid and wash the
paper thoroughly with hot water. Make this solution up to a
convenient volume. Determine the iron and nickel as previously
described. The iron and nickel in the solution from the bisulfate
fusion must also be determined and added in the calculations.

Modification III. This treatment is similar to modification I,
except that the hydrochloric acid digestion is replaced by a potas
sium bisulfate fusion.

Statistical. In order to determine which of the three methods
was the best one, it was necessary to subject the data obtained
to a statistical evaluation (3, 6, 9, 24, 28). Statistical terms used
in this treatment are standard deviation, t test, variance ratio,
and interaction.

Standard deviation, 8, is usually the best measure of the spread
or variability of the data. The significance of the standard de
viation is such that, on the average, two out of three measure
ments will deviate from the average by less than one standard
deviation. It is a measure of the precision of the analysis (28).

8 = . I~(X - X)2
'1 n - 1

where X = individual result, X = average value, and n = num
ber of determinations.

The t test is a measure of the ratio of the difference between
averages to the standard deviation of this difference. It is a
means of determining whether two average values are significantly
different.

t=X-Y./ nm
8 'In+m

where X and Yare the averages to be compared, n = number of
determinations used to determine X, and m = number of deter
minations used to determine Y:

8
2

= ~X2 - (~X)2/n + ~Y2 _ (~Y)2/m

(n - 1)(m - 1)

where X and Y are individual results (28).
The variance ratio, F, is the ratio of two variances, used to de

termine whether or not significant differences are obtained be
tween two variances (28).

The existence of an interaction in an experiment of the type
being discussed is an indication that either the estimate of the rep
licate variance (experimental error) is overoptimistic or else the
relationship between the variables is not independent.

In order to minimize the bias that is present when duplicates
are run simultaneously (giving rise to overoptimistic estimates
of the precision), replicate determinations were not made in the
usual manner; instead, two analysts working independently made
single analyses on several different days.

4.58

7.74

3.7

3.93

7.86

3.93

2.75

9.8

37.5

2.80

8.40

33.61.56

6.2

28.4

1.62

6.48

27.5

Table II. COInposition and Analysis of SiJnuIated Ashes
Na2S0. V,O, NiO

(as % Na) (as % V) (as % Ni)
Syn. Spec.e Syn. Spec.e Syn. Spec.eSample

Synthetic ash. I.
(high sodium)

Synthetic ash II,
(high vanadium)

Synthetic ash III,
(high iron)

II. The sample is digested with 1 to 1 sulfuric acid followed
by a potassium bisulfate fusion of the insoluble residue.

III. The sample is water leached and the insoluble residue is
fused with sodium carbonate. The carbonate melt is dissolved
in water and any remaining insoluble residue is fused with potas
sium bisulfate. (The purpose of the water leaching of the
original sample was to ascertain whether or not the sodium in the
samples could be completely extracted. The data obtained
showed that it was not possible to extract all the sodium from
these petroleum ashes by this method.)

In this report, these three treatments are referred to as modifi
cations I, II, and III, respectively.

Although a sulfuric-hydrofluoric acid digestion of the sample
has been successfully used in this laboratory, it was not tested in
this particular program for two reasons: In the past, some ques
tion has arisen as to the possibility of losing vanadium as a vola
tile fluoride compound (4, 15, 16). In certain routine laboratories
where primarily nontechnical employees perform analyses, there
is a reluctance to use hydrofluoric acid unless it is absolutely
necessary.

PROCEDURES OF ANALYSIS

Ash sample weights ranging from 5 to 15 mg. were used and the
vanadium, iron, and nickel were determined by colorimetric
methods as follows: vanadium as the soluble yellow phospho
tungstovanadic acid (5, 23, 27); iron as the reddish ferrous com
plex of o-phenanthroline; and nickel as the red-brown nickelic
complex of dimethylglyoxime. The procedures followed were
those described by Sandell (23). A Coleman Model 11 spectro
photometer was used in making this investigation. Description
of the sample-treating procedures follow.

Modification I. Weigh approximately 10 mg. of ash into a
small platinum dish, add 0.5 to 1 gram of sodium carbonate, mix
thoroughly, cover with a platinum cover, and fuse over a blast
burner. Swirl the dish occasionally while the mixture is in a
molten condition. Continue heating for 5 to 10 minutes. Re
move from the flame and cool. After cooling, dissolve in about
30 ml. of distilled water. When the melt has completely dis
solved, filter into a beaker and wash the residue thoroughly with
hot water. Acidify the filtrate with dilute sulfuric acid and make
up to a convenient volume (100 mI.). Reserve this solution for
the determination of vanadium.

Return the filter paper containing the insoluble residue to the
platinum dish and char the paper on a hot plate. Finally, ignite
the dish and residue in a mume furnace at 550 0 C. until no more
carbonaceous material remains. Cool the dish and add 5 to 10
ml. of concentrated hydrocWoric acid, then warm on a hot plate
to effect solution. Transfer this solution to a suitable sized
volumetric flask, make up to volume, and reserve for the deter
mination of iron and nickel.

The colorimetric determinations are carried out as follows:
VANADIUM. Take a suitable sized aliquot (1 to 5 ml.) of the

appropriate solution and add enough sulfuric acid to make the
final solution about 0.5N. Add 5 drops of bromine water, place
on a hot plate, and boil until the yellow color of the bromine
disappears. Develop the yellow phosphotungstovanadic acid
color as described in (23).

IRON. Take a suitable sized aliquot of the appropriate solu
tion, adjust the pH to 3.5 with 2N sodium acetate, and develop
the color as described in (23).

N JeKEL. Take a suitable sized aliquot of the appropriate
solution, add 2 ml. of 10% sodium citrate, and carry out the
procedure as described in (23).
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a Significant. at 1% significance level.

Table V. Analysis of Variance Table for Transforll1ed
Data of Table III

Table III. Detennination of Vanadiull1 in Petroleull1
Ashes

When making tests of significance, any effect that was found to
be significant at the 5% significance level was judged to be real.

Since it was intended to learn what could be expected from this
analysis under normal working conditions, no extraordinary
precautions were taken in handling these samples, nor were any
modifications of the methods, as presented in the literature,
introduced to improve either the aecuracy or the precision of the
determinations.

Table VI. Detennination of Iron in Petroleull1 Ashes
Sample

A B C D
Modification Iron (as Fe,O,), % Found

2.60 6.38 21.18 15.90
2.71 6.20 22.18 13.30
2.47 7.51 20.91 15.21

II 2.55 9.71 22.17 16.03
2.65 9. '?1 22.73 15.56
2.51 8'.82 21.28 15.19

III 3.01 9.65 22.13 15.70
2.70 9.85 .21. 52 15.51
2.68 8.97 22.76 15.32

Table VII. Analysis of Variance Table for Transforll1ed
Data of Table VI

methods of dissolving the sample are not equally efficacious
on all the samples. Inspection of the data indicates that possibly
the combination of modification II with sample A is the cause of
this interaction. Rerunning these statistical tests on all the data
except modification II results in no significant variation being
attributable to either the modifications or the interaction. Hence
it was concluded that modification II was not generally applicable
to the determination of vanadium in all typesof samples.

Table VI presents the results of triplicate determinations of
iron on each of the four samples. Here again the standard de
viation is dependent upon the magnitude of the measured vari
able and it is necessary to make the logarithmic transformation
before performing an analysis of v.ariance. Table VII presents
the analysis of variance table for the transformed data; these
data show that all the effects are significant, indicating that the
modification us.ed determines the observed value for the
per cent iron in the sample. Here, too, as with the determination
of vanadium, a significant modification X sample interaction is
observed, indicating that the efficiency of the various modifica
tions is dependent upon the type of sample. Further investiga
tion leads to the conclusion that modification I is not suitable for

. determining iron in all types of samples.
Similar treatment of the nickel data shown in Table VIII

indicated that the only significant variable was the modification
used and in this case, modification I was not a satisfactory method
of dissolving the samples.

As a result of this investigation, modification III was chosen as
the best general method for attacking this type of sample. At
this point, a synthetic sample was run using modification III.
The results of triplicate determinations on this synthetic sampleVariance

Ratio (P)

<1
12.250"

11.78"

Table:IV. Data of Table III Converted to I.oglO Values
Sample

l\tlodification A B C D

1.813 1.549 1.522 0.430
1.794 1.539 1.523 0.444
1.837 1.565 1.530 0.438

II 1.760 1.562 1.537 0.507
1.734 1. 561 1.549 0.483
1.753 1.555 1.528 0.505

HI 1.843 1.576 1.556 0.420
1.790 1.569 1.559 0.458
1.803 1.582 1.546 0.398

Sample
A B C D

Modification Vanadium (as V,O,). % Found

65.04 35.36 35.67 2.69
62.27 34.57 33.33 2.78
68.68 36.74 33.86 2.74

II 57.49 36.50 34.45 3.21
54.22 36.43 35.36 3.04
56.60 35.89 33.76 3.20

III 69.73 37.70 35.95 2.63
61.67 37.06 36.19 2.87
63.46 38.19 35.16 2.50

Corrected
Sum of Degrees of

Source of Variance Squares Freedom Variance

Modifications 0.00033755 2 0.00016878
Samples 9.71947844 3 3.23982615
Samples X modifi-

cations 0.01869223 6 0.00311537
Replicates 0.00634267 24 0.00026428

Total 9.74485089 35

Table VIII. Deterll1ination of Nickel in Petroleull1 Ashes
Sample

a Significant at 1% significance level.

A B C D
Nickel (as NiO). % Found

1. 75 1.67 2.11 0.82
3.28 2.62 1. 79 0.95
1.65 1.70 2.52 0.75

2.63 3.67 2.44 0.86
2.14 3.31 2.57 0.88
2.55 3.11 2.70 1.01

3.03 3.74 2.90 0.65
2.44 2.89 2.49 1.02
2.70 3.57 2.75 0.82

RESULTS

Table III presents the results obtained' for the triplicate deter
mination of vanadium in four samples of ash. The replicate
variances obtained for the high and low concentrations were
subjected to the F test, and the variance ratio was found to be
highly significant-i.e., the precision is dependent upon the con
centration of the measured variable. For this reason, no valid
analysis of variance of these data can be made. However, by
transformation of the data, a solution can be made. Trans
formation of the data to logarithmic values was made and the
transformed data are shown in Table IV (10). Application of the
F test to these data has indicated that now no significant differ
ence is evident between the two precisions. [A more elegant
method for making l;his test is Bartlett's test for homoscedastic
ity (6, 10).] An analysis of variance can now be performed on
the transformed data. Table V presents this analysis of variance
for the transformed data and shows that there is a significant
variance attributable to samples and that a signific!.nt interaction
(samples X modifications) is also present. Although the variance
caused by modifications has not. been shown to be significant, the
fact that the interaetion variance is significant indicates that all

Source of Variance

Modifications
Samples
Samples X modifi

cations
Replicates
Total

Modification

II

III

Corrected
Sum of

Squares

0.020352
4.354627

0.026755
0.013220
4.414954

Degrees of
Freedom

2
3

6
24
35

Variance

0.010176
1.45154

0.004459
0.000550

Ratio (F)

18.502"
2639+"

8.107"
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sulfuric-hydrofluoric acid digestion or by the described modifica
tion III. The data obtained for these values are shown in Table
X.

In order to reduce the possibility of personal bias and to obtain
a reasonable estimate of the precision of the methods being tested,
two or more analysts made the required determinations but no
duplicates were run on the same day (10, 28). None of the data

-0.0189
-0.0588
-0.1316
+0.0311

Relative
Bias e,

Analysis of

0.0938
0.0318
0.0713
0.0667

552
0.75
0.65
0.15

Found,
%

58.88
23.62

9.12
2.25d

Average Results of ColoriUletric
Synthetic SaUlple 66

Stand.
Deviationa , Coeff. of

s Variation b

59.91
25.01
10.32
2.18

V,O,
Fe20a
NiO
Na,O

Constituent Synthesis

Table IX.

a Calculated from three determinations.

b Coefficient of variation ~ 0/, f' d ( )
o olin 1

C The term "relative bias" as herein used is synonymous with the term
"relative accuracy" used by Mitchell (21).

d Gravimetric determination.

Table XI. Results Obtained for the SpectrocheUlical and
SeUliUlicrodeterUlinations of VanadiuD1

Sample
A B C D

V,O" %

SPECTROGRAPHIC lVIETHOD

77 .0 33.0 50.9 3.65
80.0 31. 7 48.2 3.80
83.5 34.3 46.0 3.83
76.2 34.3 42.0 3.83
65.9 37.7 39.6 3.57
66.2 33.3 37.7 3.67
68.8 35.5 36.3 4.05
76.0 33.0 38.9 4.00
62.4 35.6 33.7 4.18
72.9 34.3 41.5 3 84

SEMI,MICRO.\1ETHOD

69.7 37.7 36.2 2.63
61.7 39.2 36.0 2.50
61.9 34.6 35.6 3.08
60.3 37.7 35.5 2.87
61.0 38.2 34.2 2.58
59.5 35.7 35.2 2.08
72.0 39.7 35.5 2.78
63.5 40.7 37.6 2.96
60.9 38.5 32.0 2.29
63.4 38.0 35.3 2.64

are shown in Table IX. These data demonstrate the type of
precision and accuracy which could be expected from an analysis
of such samples.

DISCUSSION

Since the aim of this experimental program was to compare the
spectrochemical and the semimicromethods of analysis with Av.

regard to both their precision and accuracy, it was necessary to
have a true value to use for determining the accuracy of the
methods. Inasmuch as the samples studied were actual ash
samples and not synthetics, no true value could be used. In-
stead, determination was made of a value termed "the most
probable value," and this was used to determine the amount of
bias existing in the determinations. This most probable value
was determined by running quintuplicate determinations of each Av.

element by standard macromethods of analysis which are de-
scribed in (8). Solution of the samples was effected either by a

Table X. Results Obtained for Replicate Macrodeter
Ulinations of Ash Constituents

SAMPLE A

1 69.08 2.77 3.36 7.01 1
2 69.95 2.63 2.93 7.30 3
2 69.65 2.65 3.38 7.24 3
1 69.40 2.69 2.96 7.48 3
1 69.70 2.76 3.17 7.17 1

Av. 69.56 2.70 3.16 7.24
Stand. dev. 0.33 0.06 0.21 0.18

SA"lPLE B

2 40.22 9.29 4.30 5.52 1
1 40.47 9.48 3.85 5.45 1
1 41.65 10.39 4.10 5.60 1
2 40.73 9.92 4.08 5.67 3
2 40.48 10.17 4.27 5.61 3

Av. 40.71 9.85 4.12 5.57
Stand. dev. 0.55 0.46 0.21 0.09

SA"IPLE C

2 39.58 23.27 2:88 4.02 3
2 40.05 25.04 2.89 4.03 3
2 40.33 23.30 3.18 4.49 3
1 40.18 24.26 3.01 4.31 1
1 40.11 24.18 3.14 4.60 1

Av. 40.05 24.01 3.02 4.29
Stand. dey. 0.28 0.74 0.14 0.26

SAMPLE D

1 3.49 15.27 0.71 1.20 3
1 3.54 15.30 0.75 1.04 1
1 3.1>4 16.15 0.78 1. -13 3
2 3 ..57 16.46 0.84 1.15 1
2 3.71 16.87 0.82 1.33 3

Av. 3.57 16.01 0.78 1.23
Stand. dev. 0.08 0.71 0.05 0.15

ai, H2S0,-HF digestion; 2, modification III; and 3, J. Lawrenee Smith.
b Sodium determination made on separate samples.

SPECTROCHEMICAL METHOD

Most prob-
ablcvalue 6l!.56 ± 0.23 40.71 ± 0.37 40.05 ± 0.19 3.57 + 0.05

D

Variance
Rat.io (F)

48.997a

Higha
23.784a

C

Variance

0.068400
6.277003
0.033202
0.001396

1
3
3

64
71

B

Degrees of
Freedom

Vanadium (as V,O,), %
A

Methods 0.068400
Samples 18.831009
Method X samples 0.099607
Replicate 0.089401
Total 19 . 088417

a Highly significant.

Table XII. Analysis of Variance of TransforUled Data
froUl Table XI

Corrected
Sum of

Source of Variance Squares

Table XIII. SUD1Ulary of Data Obtained by Spectro
cheUlical and SeUliUlicroUlethods of Analysis

Sample

Average %
found 72.9 34.3 41.5 3.84

Relative
biasa +0.0453 -0.1866 +0.0337 +0.0703

Stand. dev.,

• 7.25 .80 5.77 0 20
Cocff. of var-

iation, % 9.99 5 25 13.90 5 21

SE:\IIMICROYETHOD

Average %
38.0 35.3 2.64. found 63.4

Relative
biasa -0.0978 -0.0711 -0.1756 -0.3523

Stand. dev..
8 4.41 1.90 .54 0 32

Coeff. of var-
iation, % 6.96 5.00 4 36 12 12

Variance
raUob, if' 2.705 1. ) 21 14.12 c 2.549

Calcd. t. 3.356 c 4.240 C 3.111 c 9.493 c

a The term "relative bias" is synonymous with the term "relative ac
curacy" as used by Mitchell (21).

b Ratio of large variance to smaller variance.
C Significant at 5% significance level.

Sodium
Determination b

Na,O Method
useda

NiOMethod useda V,O,
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Table XIV. Results Obtained for the Spectrochelllical and
Selllilllicrodeterlllinations of Iron

Sample
A B C D

Fe20" %

SPECTROCHEMICAL METHOD

3.44 10.0 31.8 16.8
3.71 9.62 31.1 18.3
3.71 10.1 30.4 17.1
3.54 9.13 29.7 16.0
3.19 9.92 28.6 16.8
3.18 10.4 26.6 17.0
3.30 10.2 25.6 17.0
3.50 10.2 26.5 17.5
3.05 10.3 26.6 17.6
3.02 11.5 27.0 17.2

Av. 3.36 10.20 28.39 17.13

SEMIMICROME'I'HOD

3.01 9.65 21.5 15.7
2.62 8.07 22.0 15.5
2.70 10.75 22.1 17.0
3.29 8.97 20.7 15.3
2.55 9.20 21.1 15.6
2.85 9.52 22.8 1.5.4
2.69 9.21 24.2 14.8
2.77 9.31 22.2 15.3
3.57 11.31 23.3 15.7
2.68 9.85 23.9 16.3

Av. 2.87 9.58 22.38 15.66

ANALYTICAL CHEMISTRY

composition varies has not yet been ascertained. Treating each
sample separately and testing the average values by the t test, it
is found that the two methods give average values that are signifi
cantly different at the 5% significance level. When the pre
cisions were tested by means of the F test, it is found that only
sample C shows a significantly different precision, the colorimetric
method being more precise for this one sample. It has not been
posilible to attribute this difference to any assignable cause.

Table XIII is a summary of pertinent vanadium data. From
this table and with the information learned from the foregoing
analysis of variance, it can be stated that, in general, the pre
cisions of the semimicro and spectrochemical methods for deter
mining vanadium are comparable, but the spectrochemical
method yields results that are less biased than the semimicro
method.

Similar treatment of the iron and nickel data (shown in Tables
XIV, XV, XVI, and XVII) has led to the following conclusions:
In the determination of iron there is a significant difference be
tween the methods of analysis and also a significant method X
sample interaction, indicating that one method tends to rate cer
tain samples differently from the other method. A study of
Table XV reveals that the spectrochemical method has a tendency

Table XV. SUllllllary of Data Obtained by Spectrochellli
cal and Selllilllicrolllethods of Analysis

Sample

2.70 ± 0.049.85 ± 0.31 24.01 ± 0.50 16.01 ± 0.49

Table XVI. Results Obtained for the Spectrochelllical
and Selllilllicrodeterlllinations of Nickel

Sample

Most probable
value

A B C
Iron (as Fe20,), %

D

A B C
NiO, %

D

SPECTROCHEMICAL METHOD SPECTROCHEMICAL METHOD

Table XVII. SUllllllary ofData Obtained by Spectrochellli
cal and Selllilllicrolllethods of Analysis

Sample

Most probable
3.02 ± 0.09 0.78 ± 0.03value 3.16.± 0.14 4.12±0.14

Average % found 4.52 5.03 4.21 1.12
Relative bias +0.3009 +0.1809 +0.2827 +0.3036

SPECTROCHEMICAL METHOD

Stand. dev., 8 0.48 0.32 0.37 0.07
Coeff. of varia-

tion, % 10.62 6.36 8.79 6.25

Average % found 2.58 3.63 2.98 0.84
Relative bias -0.2248 -0.1350 -0.0134 +0.0714

SEMIMICROMETHOD

Stand. dev., 8 0.58 0.82 0.56 0.13
Coeff. of varia-

tion, % 22.48 22.59 18.79 15.48

Variance ratio, F 1.472 6.730a 2.199 3.708a

Calcd. t 8.588a 5.288a 6.233a 6.637 a

a Significant at 5 % significance level.

Average % found 3.36 10.20 28.39 17.13
Relative bias +0.1964 +0.0343 +0.1543 +0.0650

Stand. dev., 8 0.25 0.52 2.22 0.60
Coot!. of variation,

7.82% 7.44 5.10 3.50

SEMIMICROMETHOD

Average % found 2.87 9.58 22.38 15.66
Relative bias +0.0592 -0.0282 -0.0728 -0.0223 Av.Standard dev., 8 0.33 0.91 0.49 0.48
Coofl'. of variation,

2.20% 11.50 9.50 3.07

Variance ratio, F 1.653 3.071 20.08a 1.553
Calcd. t 1.776 1.978 8.816a 6.357a

a Significant at 5 % significance level.

4.72 5.22 4.22 1.21
5.15 4.57 4.85 1.10
5.28 4.91 4.55 1.07
4.81 5.20 4.65 1.12
4.19 5.02 4.08 1.24
4.21 5.40 4.08 1.02
4.18 4.84 3.85 1.10
4.72 5.00 4.16 1.10
4.16 5.06 3.69 1.15
3.82 5.03 3.95 1.16

4.52 5.03 4.21 1.13

SEMIMICROMETHOD

3.03 2.89 2.90 0.65
3.37 3.74 2.49 1.02
1.74 5.12 2.75 0.82
2.44 2.88 3.25 1.02
2.70 2.44 4.05 0.88
3.39 3.57 3.05 0.90
2.18 4.46 3.58 0.75
1.79 3.82 2.43 0.76
2.73 4.23 2.27 0.71
2.40 3.11 3.01 0.90

2.58 3.63 2.98 0.84

DB C
Nickel (as NiO), %

A

Av.obtained were rejected. The first nine vanadium results and the
first ten iron and nickel results obtained by each method of analy
sis were used to make this study. The reason for making this
number of runs was to improve the statistical sensitivity of the
experiment. Any effect found to be significant at the 5% signifi
cance level was judged to be real. Whenever a significant inter
action (methods X samples) was found, the data were treated
individually by samples; then the average values were compared
by means of the t test (gS) and the precisions compared by means
of the F test (2S).

Presented in Table XI are the data obtained for the deter
mination of vanadium by both methods of analysis. As in the
previous data, it was determined that the standard deviation was
dependent upon the magnitude of the measured variable and
therefore it was necessary to make a logarithmic transformation
of the data before performing the analysis of variance. Table
XII presents the analysis of variance table for the transformed
data and indicates that both the main effects and the interaction
(methods X samples) are significant. The fact that the inter
action is significant can be interpreted to mean that the bias be
tween the two methods is not constant and that it varies with
the nature of the sample. Whether this bias is always with one
method or whether it shifts from one method to the other as the
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to yield results that are higher than the results of the semimicro
method. With the exception of sample C, the two methods have
comparable precisions, but, in general, the semimicromethod
is less biased than the spectrochemical method.

In this regard, it might very well be profitable to try to estahlish
good standard samples for use in calibrating spectrographic
procedures for this type of analysis.

o The spectrographic analytical curves were prepared from synthetic
samples with DO regard to the analyses of actual samples.

SUMMARY

A statistical study of the results obtained in the analysis of
four petroleum ignition residues by spectrochemical and semi
micromethods indicates that not all methods of dissolving these
ashes, preparatory to making the semimicroanalysis, are equally
effective. When a suitable semimicromethod is used, the pre
cisions of the two methods are comparable. Although there are
some differences between the two methods, the advantages of
precision and accuracy are aboutevenly distributed between them.
Therefore, the rapidity of the spectrochemical method was the
deciding factor which led this laboratory to adopt it as the method
for analyzing these petroleum ashes.

Relative
Bias

+0.4923
+0.5071
+0.4806
-0.1942

by

5.75
3.45
8.23
2.91

Coelf. of
Variation,

%

0.82
0.39
0.68
0.03

14.26
II .30
8.25
1.03

7.24±0.12
5.57 ± 0.06
4.29 ± 0.18
1.23 ± 0.10

Most Probable
Value

Table XVIII. Summary of Data Obtained
Spectrochemical Analysis

(Sodium as Na.O)

Standard
Average Devia-

% Found" tion, 8

A
B
C
D

Sample

Furthermore, the fact that in both the determination of iron
and vanadium, sample C does not appear to behave norm9.lly
led to the performance of another statistical test on these data.
The results of this test, although inconclusive because of the
limited amount of data available, hint that here may possibly
be a significant iron X vanadium interaction in the spectro
chemical determination-i.e., the apparent amount of iron found
is dependent upon the vanadium concentration.

Statistical evaluation of the nickel determination has shown
that again there is a significant difference between the methods of
analysis. However, the data shown in Table XVII indicate that
neither method appears to be very satisfactory. Although the
spectrochemical method appears to be somewhat more precise
than the semimicromethod (note samples B and D), the semi
micromethod in all cases yields results that are nearer the most
probable value. It is possible that by using another oxidizing
agent in place of bromine (22), carefully adjusting the pH, and
removing large amounts of free acid before adjusting the pH, the
semimicromethod for determining nickel can be made more
precise and more accurate.

Inasmuch as the semimicromethod for determining the sodium
was the same as that used for obtaining the most probable value,
these data are not reported here. Instead, Table XVIII shows
the data obtained by the spectrographic procedure as compared
to the most probable value. From these data it can be seen that
although the precision of the spectrochemical procedure is good
(of the order of ±5%), in general, the average results are about
double the most probable val,ue.

This phenomenon may be due to the nature of the synthetic
samples. An earlier report appearing in the literature (9)
states that when mixtures of pure compounds were used in pre
paring spectrochemical calibration curves, the analysis of actual
samples by means of these curves usually led to erroneous results.
A study of these data showed that in almost all cases the error
introduced was one of yielding high results for the elements deter
mined. Since the calibration curves of this work were based on
synthetic mixtures of sodium sulfate and various oxides, this
may be the reason for some of the high results obtained.

CONCLUSIONS

The results of this study, comparing spectrochemical and semi
micromethods of analyzing petroleum ashes, have led to the
conclusion that, in general, the precisions of the two methods are
comparable. If better precision and accuracy are desired, two
alternatives are available: Gain improvement in precision by
running replicate analyses of each sample; either improve the
present methods of semimicro or spectrochemical methods or
devise new methods for performing these analyses.

In view of the rapidity of the spectrochemical method of
ll."alvsis. it is the nreferable method for analyzing ash samples.
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Infrared Identification of Materials in the Fractional
Milligram Range

B,Y il1eans of a Beam Condensing Sy tetn and Pressed Potassium Bromide Pellets
Contain iug the Sample

])O~ Il. A~()EH~O'" AND ~. B. WOOIHLL

I" tilLS I r;",1 LubOl"ftlory. 1,'",,<llllalt J\.oduk Cu., Ruehestpr, .Y. }'.

Infrared no'cords on samples weighing less than 1 mg. f"equently ,u'e needed.
Previously ayailable nlaerotcehnil.ues arc conlpletely unsuitcli to cxanlining
these snu.1I sa.uples. A pair of ",ih'er chloride lenses was an'angell to fornl a
hea.n condensing syste.u which has a cross-sectional area of le"s than 1, sq. l1un.
Proyision was made to pl:we the unit l.uickly and precisely in the sample beam
of a Bai.'d infrared double-hearn speetl·ophotoulCte,·. Simple llIie"odics were
lle"igned and fabricated so that potassium broulidc tablets weighing only;) mg.
can he p,·ess(~d. These .nay contain as little as 10")' of the eo,npound unde.· test.
Only a few seconds arc "equired 1.0 eo.n-ert frolll l1,aero to 'nicro scale operation.
The .uanipulation techniqucs employell are sin,plcr and easier than an~- pre
vionslyayailahl".

RE.C.T~NGUL""R DIE 5HE.LL

Top VlE.W

c .... P :s,c.q~""

~OC.K.e:.T He......o

BEAM-CONDENSING SYSTEM

The IJeam-condensing system (1) cunsists of a pair of plano
convex, silver chloride lensps coated \\;th an antihalation and
antirpfI(·ction coating, :md a reference plate similarly coated.
Th" !t'llSC''; Il:l,'e di:ulIdel'8 of 2R mm, and radii of curvature of 22

I N \rUln.,::!:\ G wil It photographic good~_ foreign partic']ps
:;ometilJ1es need t.o be identified and it, i~ u~uaJl~' not p<>ssible

to GOlIed enough pa 1'1 irles to ma kc' mucru infrared n'c:ord~, TIIP
usc of a rl"Ref'ring; llIicTosc:ope sy~I('llI \loas fir~t c'otl~id,'rpd in orrl<'r
to milk.' infrarpd JlI,'a:;ur(,llIent.~ <>n t.iny ~all1p!<'~, Hdl<'c,ting
mier"sc'opc' "'~tpms a 1'(', ho\\'('vc'I', ,'xJlPn~i VI': t Ill'y mu~1 1)('
aligned ,'pn' prec,j"'l,'o :In,!. mo~l ilLlportallt, han' nol as ,"!'t },('('Il

used with d"u\dP-},"am ill,;trull1pnl"" II Wll,; t1H'r"fore d"picl.'d 10
sec if ~llllll' i,,(ra)'t'd-l,ran~mittillg m:dco'rial Gould l'e ll~,'d 10 con
stru!'t,]pn,;," f'l!' :I 1"'allH'olldpn,j"g; s,,'slc'm th:lt would ~ul,st:ln

tiall," 1"-c!UI'" ttl" :11'(':1 of the ~amplc' },('anl.

Figure 1. ~ilver Chloride Lenses Mounted on Base Plate
with Sample Holders

Figure 2. Dies and Plungers Used to Prepare Round
and Rectangular Potassiunl Bromide Pellets

O,,·.~r-all diD1.ensions are Dot critical. I'lungers fit apertures
closely but can be pushed through with firJn hand pressure
alone.
}'..Iaterial.

()ie shell. AISI Type 440C stainless steel or tnclhacrylate
~~ic -

PluDger. AISI Type 440C stainless sLeei. The round pi unger
can he cut froID. a steel dowel pin

Kremer., (0.1) re\'iews the pl'c,pel'tie:; and usefulnc:,;s uf silver
chloride :IS a lens material for infrared work. ,\-ith the tech
niques outlined, satisfactory leU:K's were formed and a beam-con
densing uni-:: "'as constructed, While it does not. provide the de
gree of sample reduction provicl,~d by a reflecting microscope sys
tem, a grea I lllany problems do [lOt require testing samples smaller
than 10" The reRecting mi,:roscope system can, however, be
used for ,oamples at least as sma.1! as 1")'. The lens s,vstem is nut
expensiw' and does not require any instrUlllental adjustments in
going from macro ro micro scale work with the Baird double-beam
epectropho tometer.
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mm. They are assembled On a holder, shown in Figure 1, which
has locating pins so that it can be placed precisely in position in
the instrument in a rapid, reproducible manner. The beam
condensing unit is placed between the source and the focusing
mirror in the sample beam. The sample under test is then
placed between these lenses at the point where the beam has the
minimum cross-sectional area by means of plastic blocks that fit
over locating pins. It requires only seconds to convert the Baird
double-beam spectrophotometer from macro to micro scale work
and all the advantages of double-beam operation are retained.

The sample area covered is usually 1.5 by 3.5 mm. Occasion
ally preparations half this width are used. When enough sample
is available, a potassium bromide disk about 6 mm. in diameter
is used. Strips even narrower than these can be used when neces
sary because the slit on the Baird varies from about 0.06 mm.
(0.002 inch) at 2 microns to 2.5 mm. (0.1 inch) at 16 microns.
As the dimensional reduction with the beam-condensing system is
about 1/3, the reduced slit image varies from about 0.02 to 0.8
mm. (0.0007 to 0.03 inch). It is therefore possible to fill com
pletely the slit image between the lenses over a considerable
wave-length range by strips even smaller than the half-width
strips reported.

As sample size is reduced, more attention must be paid to
holding and working with the samples as well as to positioning
them in the instrument. Sample positioning, using a mechanical
stage as sold for use with a microscope, is described by Anderson
and Miller (1). Since the initial disclosure was made, it has been
possible to dispense with the mechanical stage for holding most
samples. The sample holder in current use is a plastic block with
a small central aperture and two guide holes that fit over pins

in the base plate carrying the silver chloride lenses. This permits
placing the samples accurately in the beam. This system is used
with the 6-mm. potassium bromide disks and the narrow potas
sium bromide strips as well as film or oil samples that require
micro testing. The block is shown in position between the lenses
in Figure 1.

PREPARATION OF SAMPLE

Sll,mple preparation techniques hll,ve developed to the point
where good records can be obtained with only 10)' of a chemicaL
It is known that this can be pushed with some sacrifice in resolu
tion to at least 5)', but for the authors' work this has not yet been
necessary. The development of potassium bromide· pressings
(3, 4) has been of great help in furthering this micro work. The
greatest advantage of the technique is in the increase in sample
bulk obtained by mixing the inert potassium bromide with the
sample.

Ordinarily 100 to 200 parts by weight of potassium bromide
are mixed with the sample under test and in this way it is possible
to handle and manipulate the material conveniently. The mixing
is carried out in mullite mortars with hand grinding. The potas
sium bromide is ground fresh each morning by hand or with &.

mechanical mortar grinder to a fineness of about 100 mesh.
After the sample to be tested is added, further grinding reduceS'
the mixture to a fineness of about 200 mesh. It has not beeD
necessary to dry the potassium bromide in this laboratory, where'
the air is maintained at about 40% relative humidity and 740'
F. A 25-)' sample is mixed with about 5 mg. of potassiUIIll
bromide and pressed in a micro die to form a strip about 0.75
by 6 mm. Only about 3.5 mm. of this strip are actually on the
beam; the rest of the strip is used in holding it in position.
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Figure 3. Typical Records CODlparing Mineral Oil Mulls and PotassiuDl BroDlide Pressed-Plate Preparations

Hydroquinone concentrations 1% i n potassium bromide for record A and 10 %j n potassiunJ. bromide for record C. Benzoic acid concentration..
1 %in potassium bronJ.ide. Curves displaced vertically for sake.of clarity
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The strips obtained by the technique reported are not optically
clear. They are, however, translucent, and pencil marks or
lettering can ordinarily be read through them when they are laid
over the writing.

Because of the small sample apertures to be covered, microdies
were constructed. These were initially made of AISI Type 440 C
stainless steel which can be hardened after machining. In this
laboratory, dies are now available for making 6-mm. (0.25-inch)
round disks, strips 1.5 by 6 mm., and strips about 0.75 by 6 mm.
The first dies that were used for pressing micropellets had the
body of the die bolted to a base plate and the plunger pressed the
pellets directly against the base plate. This die was moderately
successful, but the disks and strips were frequently uneven be
cause it was so difficult to spread the powder uniformly at the bot
tom of the hole in the die, which was about 1 inch deep.

The current procedure is to have a 3-piece die as shown in
Figure 2, consisting of a body or shellll,bout 30 mm. (1.25 inches)
long and two plungers of AISI Type 440 C steel, the combined
length of the plungers being about 6 mm. (0.25 inch) longer than
the die shell. Experience to date is that methacrylate-type
plastic bodies will yield pressings as good as those from the
stainless steel dies. They are particularly convenient to use be
cause they are lightweight and one can observe changes occurring
during pressing. The plastic bodies do not last so long as those
of stainless stee,l, but they are less expensive to fabricate. Because
of their transJarency they are easier to use and clean. The
potassium bromide has a corrosive effect on steel parts and this is
another reason for using plastic dies. , To fill the dies, the longer
plunger is inserted until it is within a few millimeters of the bot
tom of the die shell, which is held upside down. For the 6-mm.

round die, a normal charge consists of 25 to 50 mg. of potassium
bromide thoroughly ground, containing 0.1 to 0.5 mg. of the
chemical under test, which is distributed uniformly over the end
of the plunger. Then the short plunger is inserted and the ;tS

sembly pushed until the base of the short plunger is flush with
the base of the shell of the die. Pressure is then applied by
means of a small hydraulic press or a small portable arbor press
having a 14-inch handle. In preparing the half-width strips us
ing the plungers shown in Figure 2, very little force is required.
The ends of the half-width plungers are of different lengths and
for convenience in loading, the upper plunger has the shorter
narrow section. Pressing times are short, frequently less than a
minute even for the round disks. Pressures used on the 6-mm.
(0.25-inch) round disks have been usually between 1000 and 2000
pounds dead weight.

It has not been found necessary to evacuate the salt to remove
entrapped air, although a more transparent pellet would probably
result if this were done. The entire procedure of preparing these
pellets is simple and direct. During the actual pressing, the die
rests on a steel base plate to protect the press platen and a brass
strip is placed over the top of the plunger to protect it and the top
press platen. When the pressing is completed, the flat plate
under the die is shifted, so the die is over an area at the edge of
the plate having a hole in it and the top plunger is pressed through
until the lower plunger and pellet are expelled. Brass pieces
slightly smaller than the plungers are sometimes used to aid in re
moving the plungers.

With the mineral oil technique previously used, it was custo
mary to prepare the oil dispersions just before recordings were to
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be made. Now, however, as oil separation and other preparation
difficulties are not encountered, the pressings are often prepared
in advance and held until instrument time is available.

Some typical results are given in Figures 3 and 4 to show the
marked superiority of the pressed salt technique over conven
tional macro mineral oil mulls which invariably show bands at
3.5, 6.8, 7.2, and 13.8 microns. The potassium bromide curves
are useful over their entire length, as potassium bromide itself
shows no absorption bands. This is clearly evident when the
potassium bromide and mineral oil records of the chemicals shown
in Figures 3 and 4 are compared. Curves A, B, and G are of hy
droquinone. The available data in the 5- to 6-micron region are
increased in curve G where 10% of hydroquinone was present in
the disk. In this laboratory it has never been possible to secure
records of this quality at this concentration using mulling tech
niques. Curves D and E are of benzoic acid at concentrations of
about 1% in potassium bromide and mineral oil. The marked in
crease in record quality around 7 microns is an important gain.
Curves F and 'G in Figure 4 are of sodium sulfite. The minor
band that can be seen at about 7 microns was previously hidden
by the mineral oil bands. Curves Hand J are of ammonium
chloride, and again the record in potassium bromide is an im
provement over that in mineral oil. In one instance, 5 p.p.m. of
ammonia in a water sample were detected and pictured by means
of the micro infrared recordings.

The ability to retain standards and samples of importance is
particularly facilitated by the potassium bromide technique.
The disks can readily be filed for future use as evidence; they are
also valuable in case of controversy or for use as reference stand
ards. For example, a standard hydroquinone disk has been run
as an instrument performance check many times over a period of
several months with no change in the curves indicative of decom
position or alteration of the material.

This technique appears to be almost universal in its application
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to dry samples. As a matter of fact, only one compound so far
has been found to give a poorer record in potassium bromide than
in mineral oil. This effect in itself is interesting and will be in
vestigated further as time permits, to allow correlating changes in
structure or crystallinity that take place under pressure.

The majority of this work has been confined to potassium bro
mide as the carrier salt, but work currently going on indicates
that a wide selection of carrier salts will soon be available. The
work reported has also been confined to solids and nonvolatile
liquids and only semiquantitative results have been attempted so
far. The quantitative results are, however, most encouraging
and all indications are that the microtechniques reported here
will be readily adaptable to quantitative analysis.

CONCLUSIONS

A combination of the pressed salt technique using potassium
bromide and a silver chloride lens beam-condensing system pro
duces records of excellent quality from microgram quantities of
organic and inorganic chemicals. It has extended the use of the
Baird double-beam spectrophotometer to the examination of mi
crogram quantities of material, and it accomplishes these results
without basically altering the instrument. All the advantages of
double-beam operation are retained and it requires only seconds
to convert from macro to micro infrared work. In the authors'
laboratory, the use of mineral oil mulls, even for macro work, has
almost entirely disappeared because of the ease with which potas
sium bromide records can be prepared using this system.
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Polarography of Zirconium Salts in Methanol
EUGENE L. COLICHMAN AND WALTER H. LUDEWIG

Research Division, Livermore Research Laboratory, California Research and Development Co., Livermore, Calif.

L ITTLE fundamental work on the thermodynamic and electro
potential properties of zirconium salts has been reported to

date (4). The exact nature of quadrivalent zirconium in per
chloric acid aqueous solutions, ordinarily considered noncomplex
ing, is still under active consideration (1, 2). Quadrivalent zir
conium complexes readily with many anions (1) and undergoes
hydrolysis except in strong acid solution or when highly com
plexed. This pronounced tendency toward complexing and hy
drolysis makes it difficult to characterize zirconium species in any
investigation.

Laubengayer and Eaton (5) have reported the polarographic
reducibility of quadrivalent zirconium in aqueous solutions.
Solubility considerations in the useful range of acidity limit the
analytical applications of the polarographic method in this case.
Furthermore, the reported reduction of quadrivalent zirconium is
obtained as a relatively small polarographic wave on top of a
large hydrogen decomposition wave. The polarographic results
in methanol reported have eliminated some of the difficulties en
countered in aqueous solutions. Well defined reproducible polaro
graphic waves are obtained in methanol and are not complicated
by the simultaneous appearance of hydrogen decomposition
waves.

MATERIALS

The methanol and lithium chloride were Baker and Adamson's
reagent grade. The zirconium sulfate .tetrahydrate (zirconium
oxide: theoretical, 34.67; found, 34.88 and 34.86) and zirconyl
chloride octahydrate (per cent zirconium oxide: theoretical,

38.24; found, 38.24 and 38.36) were prepared in this laboratory.
Purity of these salts was substantiated by gravimetric ignition
procedures at 850°. The pure zirconium sulfate and zirconyl
chloride used in the polarographic investigation were prepared
by a method described by Falinski (3). The purified zirconium
oxide used in these preparations was obtained by igniting at
about 360 ° a purified zirconyl chloride sample obtained from A. D.
McKay, Inc.

POLAROGRAPHIC APPARATUS

Polarographic data were obtained at 25.0° ± 0.1 ° using a
Leeds and Northrup Electro-Chemograph Type E and an H-cell.
Characteristic polarographic properties were: drop time, 4.02
seconds per drop; m for the capillary, 1.79 mg. per second; and
1.86 mg. 2 / 3sec.-1 / 2 (open circuit)form2 / 3t1 / 6 ath = 50cm. The
supporting electrolyte employed in all cases reported was O.lM
lithium chloride in methanol. Oxygen was removed satisfac
torily by rapid degassing with tank nitrogen for 5 minutes.

RESULTS

Slope analysis results [plot of Ed. V8. log II(Id - I)l for
zirconium sulfate are in the range 0.12 to 0.16, indicating an
irreversible reduction. E values were corrected for the small iR
drop across the cell.

The two waves reported for zirconium sulfate are attributed to
two different quadrivalent species of zirconium in solution, as the
total IdlG values are constant over a tenfold concentration
range. Apparently, these two species are present in substantially
equal amounts in the most dilute solutions (compare IdlG values
for waves I and II at 1 X 1O-3M and below).
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Table I. Polarographic Results in Methanol
Salt, M X 103 IdlG, pa./mM -Ell, volt V8. SCE

Wave I Wave II Total Wave I Wave II

Zr(SO.J,.4H,O
5.0 5.6 1.6 7.2 1.25 1.56
2.5 5.2 2.0 7.2 1.24 1.55
1.0 3.7 3.4 7.1 1.25 1.55
0.5 3.6 3.5 7.1 1.25 1.54

ZrOCIo.8H,O
5.0 6.0 1.43
2.5 5.6 1.41
1.0 5.0 1.39
0.5 4.0 1.37

IdlC values for wave I are seen to decrease with concentration
of zirconyl chloride similar to the behavior observed with zir
conium sulfate. Unfortunately, wave II for zirconyl chloride
merges with the solvent-supporting electrolyte decomposition
wave. Thus IdlC values are not ascertainable for wave II in this
case.

Diffusion current data for zirconium sulfate reduction waves at
various drop times between 3.0 and 6.0 seconds were analyzed.
I d values obtained were in accordance with the Ilkovic equation,
showing that kinetic currents are not involved in the present in
vestigation.

The data presented in Table I indicate the possible application

ANALYTICAL CHEMISTRY

of the polarographic method to the analysis of hydrated quadri
valent zirconium salts such as zirconium sulfate tetrahydrate.
The addition of a few tenths of 1% of water to the anhydrous
methanol did not appreciably alter the polarographic data.
Polarographic results obtained in a mercury pool cell were no bet
ter than those obtained in the H-cell, if the polarogram was re
corded within about 5 minutes. In this way, diffusion of water
through the agar plug in the H-cell was maintained below inter
fering quantities.

ACKNOWLEDGMENT

The authors are indebted to E. L. Anderson of this laboratory
for pro~iding these compounds.

LITERATURE CITED

(I) Connick, R. E., and McVey, W. H .. J. A",. Che",. Soc., 71,3182
(1949).

(2) Connick, R. E., and Reas, W. H., Ibid., 73, 1171 (1951).
(3) Falinski, M., Ann. chim., 16,237 (1941).
(4) Latimer, W. M., "Oxidation States of the Elements and Their

Potentials in Auqeous Solutions," 2nd ed., pp. 270-2, New
York, Prentice-Hall, 1952.

(5) Laubengayer, A. W., and Eaton, R. B., J. A.m. Chem. Soc.• 62,
2704 (1940).

RECEIVED May 16,1953. Accepted August 5,1953. Work performed under
Contract No. AT(1l-1)-74 with the U. S. Atomic Energy Commission.

Simultaneous Titration of Iron and Copper with Ethylenediaminetetraacetic Acid
Spectrophotometric End Points

A. L. UNDERWOOD
Department of Chemistry, Emory University, Emory University, Ga.

Sl,VERAL recent papers have pointed out the advantages of
photometric end points in certain titrations (1, 2, 7, 8).

Sweetser and Bricker (8) have shown that the principal disadvan
tage of ethylenediaminetetraacetic acid (Versene, Sequestrene) as
a volumetric reagent for various cations-viz., lack of suitable
indicators-may be overcome in certain cases by this technique.
Studies in this laboratory have indicated that the photometric
approach permits the simultaneous titration of two or more cat
ions provided: (a) the stability constants of their complexes with
ethylenediaminetetraacetic acid are sufficiently large, (b) the
constants differ sufficiently, and (e) the spectra of the complexes
permit selection of suitable wave lengths. Many of the stability
constants have been measured, and a convenient compilation has
been given c.n. Although these constants may be expected to
vary considerably with the medium, they may be used as rough
guides in predicting the feasibility of titrating certain metals si
multaneously. Proviso e may easily be checked experimentally.

Sweetser and Bricker have reported good photometric titra
tions of ferric and cupric ions, separately, with ethylenediamine
tetraacetic acid (8). The stability constants reported for the
complexes of these ions are large, and differ sufficiently to indi
cate the possibility ofobtaining two consecutive end points when
a mixture of the two is titrated with an ethylenediaminetetra
acetic acid solution [ferric complex, log K = 25.1 (6); cupric
complex, log K = 18.3 (5)]. Furthermore, the cupric complex
absorbs strongly at a wave length (745 m!') where the ferric com
plex exhibits no absorption. Since the ferric complex is the most
stable, the formation of the cupric complex with the attendant in
crease in absorbancy serves as indicator for the titration of the
iron. The copper end point is indicated, of course, by a plateau
representing maximal formation of the cupric complex. This
paper reports results obtained in this fashion, and includes ap
plication to an aluminum alloy containing low percentages of
iron and copper.

REAGENTS AND APPARATUS

Ethylenediaminetetraacetic acid under the trade name Seques
trene AA was obtained from the Alrose Chemical Co., Provi
dence, R. 1. About 14.6 grams of this material was suspended
in distilled water and treated with sodium hydroxide to dissolve
the acid. The solution was diluted to 500 ml. with distilled
water to give a O.IM reagent, and standardize against the
standard cupric solution, using the spectrophotometric end
point.

As emphasized by Sweetser and Bricker (8), careful control of
pH is essential for successful titrations with ethylenediaminetet
raacetic acid. The buffer used in this work, 94.5 grams (1 mole)
of monochloroacetic acid (Eastman Kodak Co. practical grade,
distilled to remove dark-colored impurities), was dissolved in
distilled water, adjusted to pH 2.0 with sodium hydroxide,
and diluted to 1 liter.

The standard cupric solution was about O.OIM, prepared by
dissolving accurately weighed electrolytic copper foil in nitric
acid, boiling the solution to remove oxides of nitrogen, and dilut
ing with distilled water. The standard ferric solution of about
the same molarity was prepared from Baker's analyzed ferric
ammonium sulfate. It was analyzed by passage through a
Jones reductor, followed by titration with standard dichromate
solution, and was kept sufficiently acidic to prevent hydrolysis
of the iron.

The Beckman Model DU.spectrophotometer was adapted as
follows: The titration cell, which was a rectangular cuvette
with a capacity of about 90 ml. designed for a Lumetron colorim
eter, was mounted inside a Beckman test tube attachment
with the test tube bracket removed. The cell, whose base pro
jected beyond its sides, could be positioned and held securely
by means of the setscrews designed to hold the test tube bracket.
The cover for the test tube attachment was replaced by a flat
wooden cover; molding around its edges gave a light-tight fit.
Two holes in the cover, equipped with felt gaskets, admitted the
glass stirrer and the 2-ml. microburet. The cover was painted
with a flat black enamel. The exterior of the cell was likewise
painted, leaving only small windows for the light beam. The
stirrer and the buret were painted for a distance sQveral centi
meters above the cover down nearly to the tips, which were im
mersed in the solution. This arrangement was essentially light
tight; moving a strong light source about the exterior of the cell
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compartment had no noticeable effect on the galvanometer. The
light path (about 3 em. in length) was near one end of the cell;
the stirrer, operating near the opposite end, did not affect ab
sorbancy readings.

Found Error, %
Copper, Mg.

TakenError, %Found
Iron, Mg.

Taken

1 2.70 2.61 3.3 3.18 3.23 1.6
2 5.40 5.42 0.37 4.45 4.48 0.67
3 8.10 8.03 0.86 5.09 5.08 0.20
4 10.81 10.83 0.19 6.36 6.41 0.79
5 10.81 10.78 0.28 3.18 3.20 0.63
6 8.10 8.14 0.49 4.45 4.43 0.45
7 5.40 5.41 0.19 5.09 5.10 0.20
8 2.70 2.65 1.9 6.36 6.38 0.31

Aluminum Alloy, NBS Certificate: 0.21% Iron, 0.29% Coppera

Iron Copper
found, % Error, % found, % Error, %
1 0.20 4.8 0.27 6.9
2 0.20 4.8 0.28 3.4
3 0.21 0.0 0.30 3.4
4 0.21 0.0 0.29 0.0
5 0.20 4.8 0.28 3.4

a Other elements certified: Mg, 1.01%; Si,O.52%; Cr, 0.24%; Ti,
0.037%.

only 5 to 10 minutes (somewhat longer in the vicinity of the end
point). As only a few points are required to define the curve,
this does not represent a serious defect in the method. Incon
veniences of this type must be evaluated in the light of the fact
that determinations of two metals accrue from each titration.
The presence of cupric ion is necessary to indicate the iron end
point. In cases where the sample to be analyzed contains no
copper, cupric ion might be added by the analyst, or alterna
tively, the technique of Sweetser and Bricker based on the color
of the ferric complex with salicylate might be used (8).

Table I. Results of Experhnents
Standard Solutions

PROCEDURE

The results described below were obtained with the standard
ferric and cupric solutions.

Aliquots of the standard solutions furnishing the desired quan
tities of iron and copper were pipetted into the titration cell, fol
lowed by 25 mJ. of. the chloroacetate buffer solution. The pH
was checked, and in cases where the acidity from the iron solution
could not be handled by the buffer, sodium hydroxide solution was
added to bring the solution to a pH of about 2. The total volume
was adjusted to about 50 mJ. with distilled water, and the solution
was allowed to stand for at least 1 hour. The cell was then posi
tioned in the instrument, and at a wave length of 745mJL, the ab
sorbancy was set at zero, using the slit width and sensitivity con
trols in the usual manner. The absorbancy was then measured
after the addition of appropriate increments of titrate, and the
titration curve plotted.
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Figure 1. Titration of an Iron(III)-Copper(II) Mix
ture with O.lM EthylenediaIninetetraacetic Acid

5.40 mg. Fe, 6.36 mg. CU; 745ml'

To show a practical application of this method, an aluminum
alloy obtained from the National Bureau of Standards (standard
sample 603, wrought alloy), certified to contain 0.29% copper
and 0.21 % iron, was analyzed as follows:

A sample of about 2 grams was dissolved in dilute hydrochloric
acid, and the bulk of the aluminum was precipitated as aluminum
chloride, following the procedure of Hillebrand and Lundell (3).
Great care was taken to wash the precipitate thoroughly. The
resulting solution was evaporated to 15 to 25 mI., adjusted to a
pH of about 2 with sodium hydroxide, buffered with 25 mJ. of the
chloroacetate buffer, diluted to about 50 mI., and titrated as de
scribed above.

DISCUSSION

Figure 1 shows a typical curve for the titration of a ferric
cupric mixture with ethylenediaminetetraacetic acid. The curve
is linear with no change in absorbancy during the titration of the
iron, because neither ferric ion in the chloroaoetate medium nor
its complex with the titrant absorbs appreciably at 745 mI'. It
has been observed, however, that strongly acid ferric solutions ap
proach zero absorbancy slowly after the pH has been raised to
2. Presumably a slow hydrolysis reaction is responsible for this
phenomenon. In any case, it is desirable to wait at least an hour
after raising the pH before starting the titration.

During the titration of the iron, each increment of titrant causes
an increase in absorbancy, followed by a slow return to zero.
Apparently cupric ion is complexed as a result of temporary high
local concentrations of ethylenediaminetetraacetic acid, in spite of
the stirring. However, this drift in the absorbancy peJ;sists for

That portion of the curve representing the titration of the cupric
ion is similar to the copper curves reported by Sweetser and
Bricker (8). As there is no drift during the titration of either pure
ferric or pure cupric solutions, mixtures containing only these two
ions exhibit no drift during the titration of the copper. Thus
this portion of the titration can be performed as rapidly as one
can manipulate the apparatus, if complex-forming ions other than
ferric and cupric are absent. When titrations were attempted
on solutions of the aluminum alloy which had been subjected to
no prior separations, however, the drifting was very troublesome
during the titration of the copper, and an inordinate length of
time was raquired to complete the titrations. With sufficient
patience it was possible to determine iron and copper even under
these conditions. Presumably aluminum ions compete ·effec
tively with cupric ions until stirring has dissipated the high local
concentration of ethylenediaminetetraacetic acid about the tip of
the buret; a slow return to equilibrium conditions, favoring for
mation of the cupric complex, follows. (This effect is not so pro
nounced during the titration of the iron. As ferric ion forms a
stronger complex than cupric ion, aluminum perhaps does not
compete 'so effectively with the former. There is some drift
in this part of the curve, due to the presence of cupric ions.)

The maximum quantity of aluminum which can be present
without slowing down the titration in this way has not been
determined. Sweetser and Bricker (8) have shown that small
amounts of aluminum have little effect. It was found in the pres
ent study that removal of the bulk of the aluminum from
the aluminum alloy solution by the precipitation of aluminum
chloride [by passing hydrogen chloride gas into the solution to
which ether has been added (3) 1eliminated the aluminum inter
ference completely, although this precipitation is known not to
be quantitative. As about 2 grams of aluminum was being pre
cipitated in the presence of only a few milligrams of iron and cop
per, the precipitate was washed more scrupulously than might
ordinarily be necessary. When care was exercised in this regard,
there were no appreciable losses of iron or copper. The trouble
some drifting during the titration of the copper was completely
eliminated by this separation.
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The results shown in Table I indicate that the method is suf
ficiently accurate for many purposes. As pointed out by Sweet
ser and Bricker (8), interferences from other cations would be
expected to be small because of the large stability constants of the
ferric and cupric complexes with ethylenediaminetetraacetic acid.
Furthermore, such interferences are minimized by working at a
fairly low pH. This method is especially attractive for the de
termination of small quantities of iron and copper in aluminum
alloys, because the bulk of the aluminum is so easily removed,
and the small remainder does not affect the results appreciably.

Inspection of the stability constants of the metal ion complexes
with ethylenediaminetetraacetic acid suggests other possibilities
for the simultaneous determination of metals in various mixtures.
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Paper Chromatography of Some Alkoxy Acids
JOHN H. NAIR, III, Mellon Institute, Pittsburgh, Pa,

6 to 8 hours, the paper was dried in an oven at 105 0 to 110 0 C.
for 5 minutes, then placed against a large glass plate and sprayed
with bromophenol blue (50 mg. of bromophenol blue plus 200.
mg. of citric acid per 100 ml. water). The acid spots appeared
blue against a yellow background with little or no "tailing."
This spraying agent appeared to be the most satisfactory for
general use. When several different concentrations of the same
acid are spotted along the paper, the size of the spot and depth of
color allow the ready estimation of the acid concentration of un
known quantities of the same acid, provided the original spot on
the starting line was the same diameter as the known acid con
centrations.

SUMMARY

The R f values for a number of acids not yet listed in the litera
ture have been reported. The values obtained were duplicable
within 2 R f units. Two aliphatic acids possessing the same molec
ular weight range and moderate volatility were included for
purposes of comparison. It will be seen that in a homologous
series, the R f values have increased linearly with molecular weight
in several of the solvent systems. This fact might find applica
tion in predicting the molecular weights and identities of unknown
acids of a similar class.
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Rf Values X 100 of Some Semivolatile Acids
Solvent

Table I.

Acid
Methoxya('etic
Ethoxyacetic
n-Propoxyacetic
n-Butoxyacetic
3-Ethoxypropionic
4-Methoxy-n-butyric
n-Hexanoic
2-Ethyl-n-hexanoic

Solvent composition:
A. I-Butanol saturated with 1.5N aqueous ammonia.
B. I-Butanol, 75 ml.; I-propanol, 25 ml.; l.5N aq. ammonia, 10 ml.
C. I-Rexanol saturated with 1.51V aqueous ammonia.
D. 95% Ethyl alcohol, 99 ml.; ammonium hydroxide, sp. g. 0.9, 1 ml.
E. I-Butanol, 50 ml., abs. ethyl alcohol, 50 ml.; ammonium hydroxide,

sp. g. 0.9, 1 ml.
F. Same as D but unwashed filter paper was used.
G. Iso-octane, 40 ml.; acetoDe, 30 ml.; 95% ethyl alcohol, 30 ml.;

ammonium hydroxide, sp. g. 0.9, 1 ml.

IN CONNECTION with a pharmacological investigation being
conducted in this laboratory, it became desirable to determine

the presence and concentration of some alkoxy acids. Paper
chromatography with its high sensitivity and simple procedure
offers a straightforward approach to the qualitative and quantita
tive determination of small quantities of acids (100 to 500oy).
This paper covers a number of compounds not elsewhere reported
and is offered in the interest of increasing the knowledge of this
useful analytical tool.

Many of the procedures described in the literature have been
concerned with column chromatography. Elsden (2) used silicic
acid columns for the separation of acids, but the quantity of
starting material was greater than was available in this labora
tory. Most of the papers applied to paper chromatography have
been developed for the separation and detection of amino acids.
Lugg and Overell (7) have described a method of separation of
nonvolatile organic acids, but volatile acids did not lend them
selves to the procedure, as the material was lost during the process
owing to heating. In addition, a swamping acid, acetic or formic,
was included with the solvent and as this study concerned mono
carboxylic acids, the procedure obviously was unsuitable.

The work of Fink and Fink (3) was investigated 'in which the
acids were converted to nonvolatile hydroxamic acid derivatives.
This method yielded excellent results qualitatively but, during
the several steps, variable amounts of starting material were lost
and quantitative analyses were impossible.

The technique of Kennedy and Barker (5) offered a reasonable
approach and their general method was applied to the acids under
consideration. In supplement, some aspects of the procedures of
Brown and Hall (1) and Hiscox and Berridge (4) were incor
porated in the work. Some of the solvent systems employed by
Long, Quale, and Stedman (6) were used to extend the scope of
the separation procedures.

EXPERIMENTAL

Whatman No.1 filter paper was used for this study. Large
sheets 18,25 X 22.5 inches were trimmed to 30 X 45 cm. before
use. The sheets were washed ",it;h oxalic acid, following Kennedy
and Barker, before use. It wail found convenient to place the
papers in a large tray and then add the wash. After sufficient
rinsing, the papers were dried by placing an infrared light under
neath the tray at a distance of 12 to 18 inches and heating over
night. This technique obviated any necessity for handling the
wet paper, which tears easily.

The acids in the form of a solution of their ammonium salts
containing 10 to 40 mg. per m!. of free acid were applied in 0.01
ml. quantities on a line 3 cm. from the bottom of the paper, spaced
3.5 cm. apart, and developed by the "ascending" technique in a
cylindrical tank after the paper was stapled in the form of a
cylinder. The developing solution was contained in a large Petri
dish to which a handling rod of glass had been fused. The tank
was sealed with a flat glass plate lubricated with stopcock grease.

After the development of the chromatogram had proceeded
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ANALYTICAL PROCEDURE

The germane content of the mixture was cal
culated using the relation:

The dried gaseous mixture was collected over
mercury in pipet M. One end of the pipet was
attached to the interferometer chamber and the
other end to a mercury reservoir, as shown in
Figure 1. The air trapped in the mercury line at
N was bled out through tube R. Stopcocks P
and S were opened and the mixture was pipetted
into the evacuated chamber until the pressure
of gas was a little over 1 atmosphere. Chamber
J was filled with hydrogen and the refractive
index difference measured, as described.

electrolytic hydrogen (assayed 99.8% H, with water as major
impurity) was used, and was dried by passing it through an
hydrous calcium sulfate, barium oxide, and two traps immersed
in liquid nitrogen. The difference in refractive index between
dried hydrogen and spectroscopically pure hydrogen was meas
ured and found to be negligible-i.e., a few divisions on the
measuring drum of the micrometer screw.

CALIBRATION OF INTERFEROMETER

The procedure used for obtaining mixtures of known com
position was as follows: vVith mercury completely filling the
graduated limb, A, all the lines were evacuated, and stopcock
B was closed. The required amount of germane was admitted
into A and the three-way stopcock, C, was then closed; the
mercury levels in the U-tube were lowered by drawing mercury
into reservoir D; limb E was evacuated, and the volume and
pressure of germane in A were measured. The difference
between the mercury levels in the limbs of the U-tube was a
direct measure of the pressure in A, and was measured using a
cathetometer. Hydrogen was admitted to A and, with stop
cock C closed, the new pressure and volume were measured.
With the pressure and volume data obtained, the composition of
the mixture could be calculated. The mixture was pipetted
into the interferometer chamber, F, by raising the mercury
level in A until the pressure of gas was a little in excess of atmos
pheric pressure; stopcock G was closed and the gas lines were
evacuated.

The interferometer chamber, J, was filled with hydrogen to
a pressure slightly greater than 1 atmosphere. Each inter
ferometer chamber was opened to the atmosphere through an
80-cm. length of I-mm. bore capillary tubing, which effectively
prevented the diffusion of air into the chambers when stopcocks
K and L were opened. The pressure of gas in the chambers fell
to atmospheric pressure. The number of divisions on the
measuring drum of the micrometer screw, which corresponded
to a null-point reading for the mixture, was read. The tem
perature and pressure were noted and the null-point value
corrected to 0° C. and 76 cm. of mercury.

Fifteen different mixtures varying from 0.64 to 12.58 mole %
germane were used to obtain a calibration curve. The slope of

the calibration curve, which was assumed to be
linear, was obtained using the method of least
squares, applying the restriction that the errors
arise from uncertainty in the composition of the
mixtures and not from the interferometer read
ings. It was found that 100 divisions - 0.506%
germane (the null-point reading with both
chambers evacuated was 30 divisions, and this
must be subtracted from the number of divi
sions read before using the above equivalent).

IL _

r;==;r=================;;r======+-VAC
r--- -----------...,
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The gas-handling apparatus is shown schematically in Figure 1.

~rHE Rayleigh-Zeiss interferometer, fitted with a 500-mm.
. double-chamber gas cell, has been used for assaying germane

hydrogen mixtures. The method depends upon measuring the
difference in refractive index between hydrogen and the germane
hydrogen mixture, and so involves an initial calibration with
germane-hydrogen mixtures of known composition. This method
of analysis was used for determining the amount of germane (ger
manium hydride, GeH.) in the hydrogen evolved at the cathode
during the electrolysis of solutions of various germanium com
pounds.

In the Rayleigh-Zeiss interferometer light from a narrow slit is
rendered parallel by a lens, split into two beams by a double slit,
passed through two identical tubes containing the gases to be
compared, and then through two identical glass plates. The
emergent beams are recombined to form interference fringes.
Where the gases in the two tubes differ in refractive index, the
band system is displayed sideways. This displacement can be
compensated by changing the inclination of one of the glass
plates which is attached to a micrometer screw with a measuring
drum. The point for exact compensation is found by comparing
this first band system with a second system formed by two beams
which have traveled identical paths. The construction and
operation of the interferometer have been fully described (1, 2).
The only innovation was the thermal insulation of the main body
of the instrument to prevent it from being affected by rapid
room-temperature fluctuations. The light source used was a
tungsten filament lamp.

The dotted lines enclose that part of the apparatus used for
making up known germane-hydrogen mixtures. The germane
used was purified by trap-to-trap distillation under high vacuum
until its vapor pressure at two different temperatures cor
responded to Paneth's values (3). A compressed supply of

Figure 1. Gas-Handling Apparatus v = 0.141 X d X T /P

1913
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where

V = mole percentage of GeH4 in H,
d = null-point reading, divisions, after subtracting the zero

reading
T = temperature, degrees Kelvin
P = barometric pressure, mm. of mercury

The accuracy of this method, with the germane-hydrogen
mixture made up as described and using the 500-mm. celL is
±0.059 mole % germane, and the range is 0 to 15% germane.
The main advantage of this method is the rapidity with which
analyses can be performed, about 10 minutes per determination,

an important matter when a large number of samples have to
be analyzed.
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Mass Spectrometric Analyses of Some Six- and Seven-Carbon Alcohols
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test that method, its accuracy, and its reproducibility, three
mixtures containing known amounts of 3-heptanol. 2-heptanol,
4-heptanol, 2-ethyl-l-butanol, and I-hexanol were analyzed.
These results are summarized in Table 1. The reproducibility
is within ±5% of the value of the contained component. The
average deviation of a given component from its known value
(for all three mixtures) is 8.2%. The maximum single deviation
is 19.3% of its known value. The mass patterns for these five
alcohols are presented in Table II.

Figure 1. DiagraDl of Mercury-Covered Orifice
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RESULTS

The analyses of mixtures of oxygenated compounds--e.g.,
alcohols, ketones, aldehydes, etc.-have been reported (4--6, 9,
11, 13). The present paper describes a method developed for
the analysis of mixtures of six- and seven-carbon alcohols. To

APPARATUS AND PROCEDURE

A Consolidated mass spectrometer Model 21-101, converted
to Model 21-103, was used for all analyses. The samples were
introduced into the instrument through a mercury orifice (2),
which was modified in these laboratories by M. L. McTeer
and G. E. Mellen to the design presented in Figure 1. A capil
lary micropipet (3), pictured in Figure 2, was used to introduce
the samples through this mercury orifice into the preleak bulb.
When a sample was to be introduced, the Teflon plug was re
moved, and the container holding the liquid to be analyzed
was inserted in the orifice. The Teflon plug was broken away
from the vacuum seal by the disk threaded to the shaft of the
plug. The pressure of the mercury above forced the liquid out
of the pipet into the inlet system of the spectrometer. The
size of the micropipet (about 0.0005 m!.) was such that, upon
complete expulsion and expansion of the liquid into the 3-liter,
preleak bulb, the desired pressure (about 30 microns) was
attained. From two viewpoints this system had a decided
advantage over the older technique which employed a sintered
g~ass disk under a mercury seal (10): The time of introduction
was shortened considerably; and difficulties due to adsorption
in the sintered glass and loss from fractionation, both of which
are characteristic of the sintered glass disk, were greatly mini
mized. The sample passed directly from the orifice to the 3
liter, preleak bulb; in which the pressure was measured with a
micromanometer ~12).

Compounds containing a hydroxyl group tend to be adsorbed
on the walls of the inlet system through hydrogen bonding.
For samples containing alcohols, therefore, the system had to be
saturated several times with the mixture in question. This
was accomplished by introducing the sample into the mass
spectrometer, leaving it there for 2 minutes, and then pumping
the sample out again. Usually, after several such "saturation"
treatments, the mixture could be reproducibly analyzed. A
"pump-out" period of 10 minutes between runs is adequate.

RECENT advances in the design of commercial mass spectrom-
eters--e.g., close temperature control of the source, sup

pression of metastable ions, fabrication of metal inlet systems that
eliminate the use of stopcock lubricant, and accurate measure
ment of pressure in the 0- to 100-micron range (12)-permit the
examination and analysis of compounds that, heretofore, could
not be studied. The last-mentioned improvement, particularly,
has widened the scope of mass spectrometers considerably.
Previously, more cumbersome micromanometers (14) or cali
brated micropipets (3) were required, which often were not en
tirely dependable for mixtures with vapor pressures less than 50
microns.
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Mass Spectrometric Analyses of Six- and Seven-Carbon Alcohols
(Weight per cent)

Simultaneous equations were utilized for the analysis of mix
tures of I-hexanol, 2-ethyl-l-butanol, 2-heptanol, 3-heptanol,
and 4-heptanol. The contribution of a given component to a
selected mass peak was obtained by the use of determinants.
Five general inverse solutions were set up which, once solved,
permitted the resolution of these six- and seven-carbon alcohol
mixtures in less than an hour. The pattern coefficients used
for the analyses presented herein are given in Table III.

Mass Patterns for SOIlle Six- and Seven-Carbon
Alcohols

{
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Nleas
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12.4
4.1
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63.3

3.6

150mm.

Known

Another, somewhat less ac
curate but much faster,
method is to use the 87 and
73 mass peaks to remove the
major portion of the contri
bution of 3-heptanol and 4
heptanol to the other peaks.
These two peaks are virtually
free of interference from the
other constituents. Simultane-
ous equations involving the 56,
70, and 45 peaks next are em

ployed to separate I-hexanol, 2-ethyl-l-butanol, and 2-heptanol,
and a correction for their small contribution to the 73 and 87
peaks then is made.

Under electron-beam bombardment, secondary alcohols rupture
preferentially at the carbon-to-carbon bond immediately ad
jacent to the carbon to which the hydroxyl group is attached.
The resulting galvanometer deflection is not always the most
intense in the mass spectrum, but is characteristic for a specific
secondary alcohol. I-Hexanol is characterized by large 56 and
31 peaks; 2-ethyl-l-butanol, on the other hand, exhibits a large
70 peak as well as substantial galvanometer deflection at a mass
to-charge ratio of 84. The following equations represent plaus
ible explanations for the formation of some of these fragments:

CH3(CH2).CH20H + e ---+ [C.Hs] + + CH3CH20H + 2e (1)

CH3(CH2).CH20H + e ---+ [CH20Hj + + [C.Hn] + 2e (2)

(C2H.)2CH-CH20H + e ---+ [C.Hd + + H 20 + 2e (3)

(C2H 5)2CH--CH20H + e ---+ [e,H IO] + + CH30H + 2e (4)

Devia
tion

+1.8
+0.4
-0.8
+1.1
-2.5

1.32

58.12

72.28
358.13
278.03
351. 25

7.50
0.31
1.38

23.75
141.56

18.81
257.19
100.63
798.75

26.72
0.50

7.50
1.81
8.53
6.56

20.06
100.00
~

75.93 10.53
(43 sensi-·

tivity =
84.11)

0.63
0.88

29.28
116.20

4.34
39.62
8.95

37.74
2.55

41.51
0.45
0.14

1.14
15.43
2.37

50.00
5.96

28.55
6.38

14.91
0.35

2.16
0.82

13.74
6.17

17.04
9.21

100.00
67.74
6.23
2.31
0.77
2.25

1.55 3.23
17.32 41.82
3.26 5.29

15.09 26.76
0.47 1.03
4.67 28.26
0.12 0.42
0.05 0.41

0.65 1.42
4.98 16.61
1.44 2.22

16.22 23.95
7.10 4.48

19.48 60.75
8.83 13.05

100.00 8.12
~ 8.21

1.10 2.11
0.65 1.38

16.71 139.78
8.74 9.10
4.72 8.09
1.18 1.06
0.08 1.05
2.50 2.32
4.15 1.11

1.27 2.16
0.28 10.72
0.48 100.00

7.33 0.23
0.78 0.11
0.00 0.07

116.20 116.20

177.76 82.04

10.22
95.65
19.18
98.55
3.59

77.54
1.65
1.68

4.58
51.68
6.59

94.38
39.18

289.13
11.61
10.61

2-Ethyl- 2- 4- 3-
I-butanol Heptanol Heptanol Heptanol n-Butane

3.12 0.85 1.19 1.19 15.63
14.91 5.59 8.44 7.40 85.88
0.60 0.44 0.36 1.72
3.84 3.26 1.21 0.41

Table I.

DISCUSSION

Ionizing voltage. 70 volts
Ionizing current. 10 microamperes
Ion source temperature. 250 0 C.
Magnet current. 0.605 ampere
Basis of pressure measurement. l'dicromanometer

Mass to
Charge 1-
Ratio Hexanol

14 1. 75
15 8.58
16 0.40
19 1. 72

26 5.46
27 46.72
28 12.42
29 44.61
30 1. 97
31 51.38
32 1.47
33 0.44

38 2.15
39 24.45
40 4.82
41 56.77
42 51.24
43 77.29
44 5.64
45 4.23

I II
Meas- Devia· Meas-

Component Known ured tion Known ured

3-Heptanol 8.0 7.6 -0.4. 30.7 32.5
4-Heptanol 8.0 8.9 +0.9 11.5 11.9
I-Hexanol 67.9 66.8 -1.1 30.7 39.9
2-Ethyl-l-butanol 8.1 8.4 +0.3 11.7 12.8
2-Heptanol 8.0 8.4 +0.4 15.4 12.9
Average deviation 0.62

53 3.20 8.71
54 3.54 3.68
55 56.26 91. 85
56 100.00 43.42
57 9.47 14.47
58 0.53 0.83
59 0.63 4.22
69 24.26 24.67
70 3.40 100.00

71 2.64 82.79
72 0.36 5.13
73 1.56 1.82

83 1.28 0.76
84 9.04 30.76
87 0.00 0.00

Molecular 102.17 102.17
weight

Sensitivity, 62.84 31.12
div.1
micron

Table II.

Table III. Pattern Coefficients
1- 2-Ethyl- 2- 3-

Hexanol I-butanol Heptanol Heptanolml_
56
70
45
87
73

1.0000
0.0340
0.0423
0.0000
0.0156

1.0000
2.3031
0.2674
0.0000
0.0419

1.0000
0.5130

12.3610
0.0000
0.0593

1.0000
1.0097
2.4165
4.7455
0.3647

4-
Heptanol

1.0000
0.1220
0.8923
0.0077

10.9890

The analyses of other oxygenated compounds, and of aromatic
and aliphatic hydrocarbons, have been discussed (1, 7-9, 11, 13).
The use of the mercury orifice (2) and micromanometer (12)
described herein, in conjunction with a metal inlet system,
however, makes such analyses much easier to carry out with
accuracy and precision.
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THE titration of nitrogen bases in glacial acetic acid with a
standard solution of perchloric acid in the same solvent has

proved to be an indispensable technique in the analysis of petro
leum (7), shale oil (7), coal hydrogenation oils (10), pharmaceu
ticals (8), and many other organic nitrogenous compounds
(1-4,6).

In the titration of colorless compounds the end point may be
readily determined by use of color indicators, but with colored
compounds it must be determined potentiometricaJly.

The choice of electrodes for making potentiometric titrations in
nonaqueous media, however, presents a problem. The glass
electrode, in conjunction with a sleeve-type calomel reference
electrode, both with and without a salt bridge, has been used by
several workers (6-9), but not without difficulties resulting from
the high sensitivity of the system to stray currents and from con
tamination of the ceJl by the solution being titrated.

To eliminate the use of a salt bridge and the difficulties en
countered in the use of the calomel electrode, Fritz (2) substituted
a silver wire coated with silver chloride for the sleeve-type calomel
reference electrode.

This paper reports further on the use of the silver-silver chlo
ride electrode in conjunction with the glass electrode and how
the instability of the electrode pair in the region of the end point
may be obviated.

When the silver-silver chlo
ride electrode is usedin conjunc
tion with the glass electrode
and the two are immersed
directly into the solution of the
sample being titrated poten
tiometricaJly, very erratic
e.mJ. readings are observed in
the region of the end point (see
Figure 1), thus making its de
termination doubtful. When
the same electrodes are used in
a continuous automatic titra
tion using the apparatus of
Katz and Glenn (5), a reversal
in the change of the observed
e.mJ. occurs in the region of the
end point (see curve A, Figure
2), which again renders its loca
tion difficult. This reversal in
the change of the observed
e.mJ. results from the fact that
the potential of both the glass
and the silver-silver chloride
electrodes in the region of the
end point ehanges markedly
but in the opposite direction.
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By isolation of the silver-silver chloride electrode in a separate
compartment, which makes electrical contact with the solution
being titrated by means of a liquid-liquid junction through a
ground~glass sleeve (see Figure 3), the reversal in the e.mJ. curve
is eliminated and a normal titration curve is obtained (see curve
B, Figure 2). The silver-silver chloride electrode used is one
that is readily available commercially. The liquid in the isola
tion compartment is the same solvent as used for the sample--Le.,
glacial acetic acid-but it is saturated with potassium chloride to
increase its conductivity.

So far approximately 100 continuous automatic titrations have
been made without difficulty using the silver-silver chloride elec
trode isolated in the separate compartment. The observed
e.mJ. 's are essentially reproducible and thus permit the shutting
off of the automatic titration apparatus by means of a relay oper
ated by the Brown recorder-controller.
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Photometric Determination of Copper in Gasoline
J. K. LIVINGSTONE AND N. D. LAWSON

Petroleum Laboratory, E. I. du Pont de Nemours & Co., Inc., Wilmington, Del.

COPPER appears in gasoline in very minute quantities, us
ually less than 0.5 mg. per liter and, because of its pro-oxidant

effect, is detrimental to gasoline stability. In order to handle the
problem of copper contamination of gasolines intelligently, it is
necessary to be able to measure accurately the amount of copper
present.

A review of the literature reveals that only a few methods deal
with the determination of copper in gasoline. A qualitative test
was described several years ago' (4). Another method (5), de
signed for the estimation of copper in gasoline by visual matching
of yellow copper diethyldithiocarbamate solutions, was adapted
la,ter (2) for use with a photoelectric colorimeter but is not suffi
ciently sensitive or accurate for many purposes. This appears to
be due principally to incomplete extraction of the copper from the
gasoline and the high transmittancy range at which measurements
are made.

A rapid photometric method for the quantitative determination
of copper in gasoline has been developed that is applicable to con
centrations of 0.025 to 5 mg. of copper per liter of gasoline with an
accuracy within 10% when using a 20o-m!. samplll of gasoline.

It was found during the development of this method that the
normality of the hydrochloric acid solution had a considerable
effect on the completeness of the extraction of the copper from the
gasoline. It was found that O.IN acid removed the copper much
more readily than the 4N acid recommended in earlier methods.
The use of multiple extractions also improved the recovery of the
copper. Furthermore, if the transmittance measurements were
made on solutions of the copper complex in an organic solvent
such as carbon tetrachloride, as suggested by Sandell (3), more
consistent results were obtained. The use of chloroform to re
move residual color from the alkaline solution of copper is an im
provement over the use of the previously recommended teTt-amyl
alcohol, as chloroform does a more effective job. Throughout
the method the transferring of the solutions containing the copper
from one container to another is minimized in order to reduce the
possibility of the loss of copper.

APPARATUS

The transmittance measurements were made with a Lumetron
Model 402-E photoelectric colorimeter equipped as follows:

Picture projection lamp, G.E. T-8, Ioo-watt.
Filter, monochromatic, narrow band, No. 440 (transmittance

peak = 440 m!').
Absorption cell, 50 mm., 70-ml. capacity. (Any change in

light path from the 50 mm. used here will result in changes in
precision and accuracy.)

REAGENTS

Hydrochloric acid, O.IN. Dilute 8.3 m!. of concentrated
C.P. hydrochloric acid (37%) to 1000 m!. with copper-free water,
double-distilled from glass distillation apparatus.

Sodium diethyldithiocarbamate solution. Dissolve 1 gram of
sodium diethyldithiocarbamate in copper-free water, double
distilled from glass distillation apparatus, and dilute to 1000
m!.

Standard copper solution for preparing the standard curve
(1 m!. = 0.005 mg. of copper). Dissolve 1.9645 grams of C.P.
copper sulfate pentahydrate (CuSO.·5H20), which contains 0.50
gram of copper, in copper-free water, doubl~distilledfrom glass
distillation apparatus, and dilute to 1000 m!. Dilute a Io-m!.
aliquot of this solution to 1000 m!.

Ammonium hydroxide, concentrated, C.P. (28% minimum).
Chloroform, C.P.
Carbon tetrachloride, C.P.

PROCEDURE

Extraction with Acid. Pipet 200 ml. of the gasoline to be
tested into a 500-m!. separatory funnel and add 30 m!. of O.IN
hydrochloric acid. Shake the solution vigorously for 3 minutes,

Table I. Recovery of Copper Added to Iso-octane
CopperG , Mg.

Added to Found in
200 ml. of final 100 ml. of

iso-octane b of CCI. solution

0.005 0.005
0.005 0.005

0.025 0.025
0.025 0.025

0.050 0.051
0.050 0.050

0.050 0.050
0.050 0.051

0.075 0.074
0.075 0.074

G Copper-2-ethyl hexoate (C"H,.O.Cu), assay 17.46% copper, dissolved
in a.cetone to obtain gasoline-soluble copper standa.rd.

b Iso-octane (2,2,4-trimethyl pentane) treated with three 3D-ml. portions
O.lN HCl before copper addition.
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Table II. Precision
Operator A Operator B
Minus Mg. Minus i\Ig.

absorb- copper/ Mg. absorb- copper/ Mg.
Absorb- ance of 100 ml. copper/ Absorb- ance of 100 ml. copper/

%T ance blank CCI.< liter %T ance blank CCI, liter

Blank 95.8 0.019 97.2 0.012
95.8 0.019 97.2 0.012

Sample (gasoline COD- 42.1 0.376 0.357 0.0405 0.203 42.4 0.373 0.361 0.0408 0.204
taminated with copper 42.6 0.371 0.352 0.0398 0.199 41.9 0.378 0.366 0.0414 0.207
by addition of copper- 42.2 0.375 0.356 0.0403 0.202 42.5 0.372 0.360 0.0407 0.204
2-ethy1 hexoate to 3 42.0 0.377 0.358 0.0407 0.204 42.2 0.375 0.363 0.0411 0.206
liters) 41.9 0.378 0.359 0.0408 0.204 42.5 0.372 0.360 0.0407 0.204

41.7 0.380 0.361 0.0410 0.205 42.3 0.374 0.362 0.0409 0.205

Average 42.08 0.357 0.0405 0.203 42.3 0.362 0.0409 0.205
Repeatability 0.52 0.005 0.0007 0.004 0.4 0.004 0.0005 0.002

Grand average, mg. copper/liter 0.204
Reproducibility, mg. copper/liter 0.005

Table III. Analysis of Different Types of Commercial
Gasolines

Table IV. Effect of Various Substances

Copper Material Added Copper
Taken. Mg./ Found,

Mg./Liter Description liter Mg./Liter

0.050 Sulfur (as dibutyldisulfide) 700a 0.050
0.050 Iron (as naphthenate) 1 0.050
0.050 Iron (as naphthenate) 2 0.023
0.050 Tetraethyllead 1315 b 0.050

0.050 Tetraethyllead 2191 c 0.051
0.050 N,N'-disalicylidene-l,2-diaminopropane 140 0.050
0.050 N-butyl-p-aminophenol 70 0.051
0.050 N,N'-di-sec-butYI-p-phenylenediamine 70 0.051

0.050 2,6-di-tert-butyl-4-methylphenol 350 0.050
0.050 Du Pont Oil Yellow N 70 0.050
0.050 Du Pont Oil Orange 70 0.050
0.050 Du Pont Oil Red 70 0.050
0.050 Du Pont Oil Blue A 70 0.050

Sample

Thermal reformed, gasoline A

Catalytically cracked, gasoline B

Straight-run, gasoline C

Aviation, gasoline D

Copper Added
(as Hexoate).

Mg./Liter

0.20

Copper
Found,

Mg./Liter

0.02
0.22

0.02
0.22

0.01
0.20

0.01
0.22

If a satisfactory reading is not obtained by this means, repeat the
analysis using a smaller sample of gasoline.

A blank should be run daily and with each new supply of
reagents. Determine the blank by starting with 90 m!. of O.lN
hydrochloric acid and proceeding as outlined under "Develop
ment of Color." Convert the pel' cent transmittances obtained
to absorbance (log 100/T). Subtract the absorbance of the
blank from the absorbance of the sample and read the milli
grams of copper equivalent to the corrected absorbance from
the standard curve.

Standard Curve. Prepare the standard curve by adding
various volumes of the standard copper solution to 90 m!. of
O.lN hydrochloric acid and analyzing as outlined above. Then
plot the absorbance against milligrams of copper in the final 100
m!. of carbon tetrachloride.

Concentration Range and Accuracy. Inspection of a standard
curve indicates that the system conforms to Beer's law since the
standard curve is a straight line. When per cent absorbtancy is
plotted against logarithm of concentration (1), the concentration
range for best accuracy for the conditions and technique used is
0.027 to 0.074 mg. of copper in the final 100 ml. of carbon tetra
chloride; in this range the relative analysis error is 3 % per 1% ab
solute error in transmittancy. The relative analysis error will
not exceed 10% in the concentration range. of 0.005 to 0.098 mg.
of copper in the final 100 m!. of carbon tetrachloride.

Precision. The expected limit of deviation of test results from
their mean value based on data in Table II is:

a 0.10 weight %.
b 3 ml./gallon.
c 5 ml./gallon.

Mg. copper in final 100 ml. CCI,
Mg. copper per liter (200-ml. sample)
% transmittance

Repeat
ability

0.0008
0.004
0.5-0.6

Reproduci
bility

0.0012
0.006

allow to settle, and drain the lower layer into a 500-ml. separatory
funnel. Repeat the acid extraction for a total of three times.

Removal of Residual Color. Pipet 5 ml. of concentrated
ammonium hydroxide into the second separatory funnel and swirl
to mix. Remove any residual color in the alkaline solution by
treating with successive 4Q-ml. portions of chloroform until the
aqueous layer is colorless; then follow the chloroform extractions
with one 40-ml. carbon tetrachloride wash. Discard the chloro
form and carbon tetrachloride layers.

Development of Color. Pipet 10 ml. of sodium diethyldithio
carbamate solution into the separatory funnel and swirl to mix.
Add 40 ml. of carbon tetrachloride and shake the solution
vigorously for 2 minutes. AlIolV the solution to settle and drain
the lower layer into a 100-m!' volumetric flask. Add another
40 mJ. of carbon tetrachloride to the separatory funnel and shake
the solution vigorously for 1 minute. Allow the solution to
settle and drain the lower layer into the 100-ml. flask, make up
to volume (100 mt) with carbon tetrachloride, and mix the solu
tion well. Fill a 70-ml. (50-mm.) absorption cell with solution
from the flask and determine the per cent transmittance within
5 minutes (the solutions gradually became darker on standing
in the open absorption cell, owing to evaporation of solvent) at a
wave length of 440 mJL, the Lumetron having been balanced at
100% transmittanee against carbon tetrachloride. If the yellow
earbon tetrachloride solution is too dark in color and does not
give a reading on the standard curve, dilute an aliquot of not less
than 10 ml. with e<trbon tetrachloride and make up to 100 ml.

Statistical analysis of the data obtained in establishing preci
sion shows the standard deviation to be 0.0025 mg. of copper per
liter.

This method is satisfactory for the analysis of different types of
commercial gasolines as is illustrated in Table III.

Sulfur up to at least 0.1 weight % as dibutyl disulfide and tetra
ethyllead up to at least 5 m!. per gallon do not interfere in this
method. Iron naphthenate at 1 mg. per liter of iron did not inter
fere in the method, but at 2 mg. pel' liter it gave high results.
Gasoline additives (such as antioxidants, deactivators, and dyes)
at normal dosages also do not interfere (Table IV).
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Water Vapor Saturation in Gas-Measuring Burets
THEODORE W. STJ<:IN AND ROBERT C. REID

Jlfassachusetts Institute of Technology, CaJnbridge 39, Mass.

"There

P = partial pressure of water vapor at any value of x at any
time 9

Po = vapor pressure of water in water layer
Pi = initial partial pressure of water vapor at L = 0

the solution is of the general form

IN THE common volumetric or Orsat analysis of gas mixtures, in
which the various components are determined by successive

absorption and/or combustion, the gas sample must have the
same percentage of water vapor present each time it is measured
if the results are to be correct. The most convenient way to
accomplish this is to keep the gas sample saturated with water
vapor. In the commonly used procedure, saturation of the gas
sample is obtained by keeping a few drops of water on the surface
of the mercury used as the confining fluid. This water is spread
in a thin film over the buret walls as the mercury level is lowered.
If a salt solution were used as a confining fluid, water vapor
would be available from the solution at a constant, but reduced,
partial pressure. Although it has been recognized that satura
tion of the gas sample may take considerable time, no figures or
estimates are available. The question of how long it takes to
saturate the gas is discussed in this paper.

~ oP = "2P/O 2
D 09 u x

where D = diffusivity of water vapor into air, set tI = (P
Po)/(Pi - Po), and the boundary conditions then become

tI = 1,9 = 0

tI = 0, 9 = co

tI = 0, x = 0

tI = 0, x = 2£

(1)

Figure 2. Partial Pressure of Water Vapor in Buret
When Sides Are Wetted

If a buret whose radius is R has a film of water on its sides, then
the relation between the radius, R, time 0, and the partial pres
sure of the water vapor, P, is:

(5)

(4)

(3)

(2)

1 OP
DOIJ

Dn21f" 284L:1 -4[;2 .tI = - - e (sm nx/2L)
7r n

1

<D -k~D8

tI = ~ "" e Jo(knI')
R L.J knJ,(knR)

1

where k n is defined by the roots of the Bessel function

Jo(knR) = 0

Inserting the dimensionless parameter tI as before, with the
boundary conditions:

tI = 0, 0 = co, I' ;;:; R

tI = 1, 0 = 0, I' < R

tI = 0, 0 = 0, r = R

the solution is of the form.

C'
:x:

w E30~:::::::~:==t====i--P~~~---l.=d==1
o:E

~~20f'O:<t
0..>

...Jo:
:=: ~ 101---+--+---+--~
I-<t
~:;::
0..lJ...

o o.':::--~-_;!_:;:-__;-:b--~;__-;;'':;____:;;_';;_-~;__~
0.8 0.7 0.6 0".5 0.3 0.2 0.1 0

DISTANCE FROM CENTER-CM.

n = 1,3,5 .....

The time required to reach saturation in the case of a buret
whose walls are covered with a film of water is found to be con
siderably less.

C'
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o 10 20 30 40 50 60
DISTANCE FROM WATER LAYER-CM.

An example will show the importance of saturating the gas
before volume measurements are made.

Consider a typical gas analysis. A 70-cc. sample of dry gas
containing 10% carbon dioxide is drawn into a measuring buret
over mercury covered with a few drops of water. The water
jacket is kept at 25 0 C. If the gas sample were to be com
pletely saturated with water vapor it would contain (23.7/
760)(100) = 3.1% water vapor and the measured volume would
equal (70/0.969) = 72.3 cc. However, if the gas were only 50%
saturated, it would contain 1.55% water vapor and a volume of
(70/0.9845) = 71.1 cc. would be measured, introducing an error
of (72.3 - 71.1) = 1.2 cc. When the carbon dioxide in the
gas sample is absorbed in dilute base, the residual gas which is
returned to the buret, saturated with water vapor (neglecting,
for purpose of the example, the decrease in vapor pressure of
water in caustic solutions), has a volume equal to (63/.969) =
65.1 cc.; thus the carbon dioxide percentage reported would
be (71.1 - 65.1)/(71.1) X (100) = 8.4% when the correct per
centage equals (72.3 - 65.1)/(72.3) X (100) = 10%.

Figure 1. Partial Pressure of Water Vapor in Buret
When Sides Are Not Wetted

Calculations are given in this paper to show that a clean buret
whose walls are covered with a thin film of water will saturate
the gas very rapidly, whereas in a buret whose sides are not
wetted by water it is virtually impossible to saturate the gas in
any reasonable length of time.

Considering the latter case first, a buret of length L has a
layer of water in the bottom. It is desired to calculate the
partial pressure of water vapor along the length of the buret
at different time intervals, assuming the gas is stagnant and all
mass transfer occurs by molecular diffusion. Let x represent
the distance up the buret from the liquid water, P the partial
pressure of water vapor, and 9 the time. Then by Fick's second
law of diffusion

1919
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. A typical example has been solved using these equations.
A buret 61 cm. in length and 16 mm. in diameter is considered
to be filled initially with dry air. The water available' to satu
rate this air is at 30° C. where the vapor pressure, Po, equals
31.8 mID. of mercury and the diffusion coefficient of water vapor
into air, D, equals 0.2 sq. em. per second.

Figure 1 illustrates the case where the sides are not wetted and
water is present only at the base of the buret, and Figure 2 shows
the other extreme where the sides of the buret are covered by a
film of water. A time of 2 to 3 seconds suffices to saturate the air
in the clean buret, whereas in the buret whose sides are not wetted,
the air is not saturated even after 4 hours.

Because most burets become dirty or nonwettable because of a
layer of oil or grease on the glass, it is suggested that the water

used to saturate the gas contain a small amount of some neutral
detergent. This procedure should keep burets cleaner and con
sequently decrease any analytical error from insufficient water
vapor saturation.

The calculations presented in this paper are valid only for the
limiting cases where all water vapor is transported through the
gas in the buret by molecular diffusion. In any actual case, the
gas entering the buret creates a large amount of turbulence which
will aid in equalizing any water vapor pressure gradients. Thus
the time required for saturation will be less than calculated;
the amount less will depend on the actual case under considera
tion.
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Spectrophotometric Determination of Copper in Ores with 2,2'.Bipyridine
J. P. MEHLIG AND P. L. KOEHMSTEDTI

Oregon State College, Corvallis, Ore.

RESULTS

The method was applied to the determination of copper in six
ores, four oxides, and two mattes. Duplicate determinations.
were made for each sample and at least two aliquots were ana
lyzed for each duplicate. The results are shown in Table I along:
with the values obtained by the iodide titrimetric method (2)._

distilled water and thoroughly shaken. The orange-brown color
developed immediately. All transmittance measurements were
made with a I-em. COl"ex glass cell at a wave length of 430 mJ.l,
the wave length of maximum absorption, after adjustment of the
instrument so that the transmittance of the blank solvent con
taining the reagents was 100%.

That Beer's law is obeyed by the color system was proved by
the straight line which resulted when the extinctions for six solu
tions containing 1, 2, 3, 4, 5, and 6 mg. of copper per liter were
plotted against the respective concentrations. Above 6 mg. per
liter the line began to curve.

DETERMINATION OF COPPER IN ORES

An accurately weighed sample of ore, varying from 0.1 to 0.2
gram depending upon the copper content, was heated with a
mixture of 10 m\. of concentrated hydrochloric acid and 5 m!. of
concentrated nitric acid until solution was complete or only a
white siliceous residue remained. Iron was removed by double
precipitation with 15M ammonium hydroxide. The filtrate in a
1000-m!. volumetric flask was acidified with 6M hydrochloric
acid, then neutralized with 6M ammonium hydroxide to the first
appearance of the cupric ammonia complex, diluted to the mark
at 20° C. with distilled water, and thoroughly shaken.

An aliquot of 4 m!. of this solution was measured with a micro
buret into a 50-m!. volumetric flask and the procedure from this
point for the determination of the transmittancy at 430 mJ.l was
the same as that described above. The percentage of copper was
calculated by use of the extinction coefficient, which had been
determined by obtaining the transmittancy at 430 mJ.l of a series
of solutions containing 1, 2, 3, 4, 5, and 6 mg. of copper per liter.

Error,
%

+0.48
0.00

-0.33
+0.20
-0.46
-O.ll
+0.20
+0.21
-0.08
-0.05
+0.09
-0.50

Difference,
%

+0.05
0.00

-0.04
+0.04
-0.09
-0.02
+0.03
+0.03
-0.01
-0.01
+0.02
-0.07

Copper by
Iodide

Method, %
10.43
11.16
12.04
20.33
19.40
18.63
15.02
14.00
13.23
22.31
21.61
14.09

Results Obtained with 2,2'-Bipyridine
Copper by

2,2'-Bi
pyridine

Method, %
10.48
11.16
12.00
20.37
19.31
18.61
15.05
14.03
13.22
22.30
21.63
14.02

Nature

Ore
Ore
Ore
Ore
Ore
Ore
Oxide
Oxide
Oxide
Oxide
Matte
Matte

Table I.

1
2
3
4
5
6
7
8
9

10
11
12

Sample
. No.

BLAD (1) described the properties of 2,2'-bipyridine (2,2'-
bipyridyl) along with its method of preparation. Tartarini

(10) in discussing new color reactions involving cuprous salts re
ported that it forms a cupric complex which can be reduced with
hydroxylamine in ammoniacal solution to give a highly colored
cuprous complex. Moss and Mellon (8) developed a colorimetric
method for the determination of iron with 2,2'-bipyridine and
Mehlig and Shepherd (7) applied 2,2'-bipyridine to the spectro
photometric determination of iron in ores. In a study of the
1,10-phenanthroline-cuprous system Moss and Mellon (9) stated
that 2,2'-bipyridine, which contains the same cyclic -N-C
C-N- grouping, is not as sensitive as 1,10-phenanthroline in
the formation of a colored cuprous complex, but made no copper
determinations with it.

The purpose of the work described in this paper was to obtain
further proof that macro constituents may be satisfactorily de
termined spectrophotometrically by application of 2,2'-bipyridine
to the determination of copper in ores.

I Present address, Hanford Works, General Electric Co., Richland, Wash.

APPARATUS AND SOLUTIONS

All spectrophotometric measurements were made with a Beck
man Model B spectrophotometer.

2,2'-Bipyridine. A solution made by dissolving 1 gram in
0.2M hydrochloric acid and diluting to 1000 m\. with distilled
water.

Hydroxylamine Hydrochloride. An aqueous solution contain
ing 10 grams per 100 m\.

Methyl Carbitol (Diethylene Glycol Monomethyl Ether).
Commercial grade.

Standard Copper Solution. One gram of electrolytically pure
copper pellets was dissolved in 10 m\. of concentrated hydro
chloric acid and 5 m\. of concentrated nitric acid and the solution
was transferred to a 1000-m!. volumetric flask. The solution was
neutralized with 6M ammonium hydroxide until the first indica
tion of the formation of the blue cupric ammonia complex, diluted
to the mark at 20° C. with distilled water, and thoroughly shaken.
By means of a microburet 5 m!. of this solution were transferred
to a 100-m!. volumetric flask, diluted to the mark at 20° C. with
distilled water, and thoroughly shaken. Each milliliter of this
solution contained 0.05 mg. of copper.

THE COLOR REACTION

To produce the color system the volume of the standard copper
solution required to give the desired concentration of copper was
measured with a microburet into a 5O-m!. volumetric flask.
Then, in order, were added 2 m!. of 6M ammonium hydroxide to
form the cupric-ammonia complex, 10 m!. of 2,2'-bipyridine solu
tion, 1 mi. of hydroxylamine hydrochloride solution to reduce the
copper to the cuprous state, and 20 m!. of methyl carbitol as a
stabilizer. The mixture was diluted to the mark at 20° C. with
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Table II. Effect of Diverse Ions
Approx.
Limiting

Conen•• Conen.,
Ion Added as Mg./Liter Effect Mg./Liter

Aluminum AliiSO,)a 500 Precipitate 0
Ammonium N ,Cl 500 Negligible
Bismuth Bi(NO.)a 20 Precipitate 15
Cadmium CdC!' 25 Fading 20
Chromic CrCIa 25 Change in hue 20
Cobaltous CoCh 20 Change in hue 5
Ferric FeCIa 20 Change in hue 0
Lead Pb(NO.), 200 Precipitate 100
Nickelous Ni(NO.). 20 Change in hue 5
Potassium KNO. 500 Negligible
Sodium NaNO. 500 Negligible
Zinc ZnSO, 20 Fading 10
Chloride NH,CI 500 Negligible "0Cyanide KCN 5 Fading
Nitrate NaNO. 500 Negligible

300Oxalate K.C.O. 500 Fading
Sullate Na.SO, 500 Ne~ligible
Thiosulfate Na.S.O. 10 Fa iog 5

In no case was the difference between the two methods greater
than ±0.09% and the average difference was 0.03%.· The per
centage error ranged from -0.50 to +0.48% with an average of
-0.03%. Results were duplicated on the same sample with a
precision of ±0.01 to ±0.11 %. The results also checked closely
with those of the ammonia (3), triethanolamine (5), and 1,10
phenanthroline (6) spectrophotometric methods, giving ample
proof that the method can be applied to ores containing at least
as much as 22% of copper.

DISCUSSION

Order of Addition of Reagents. Just as in the determination
of copper with 1,1O-phenanthroline (6, 9), it is very important
that the reagents be added in the given order. The cupric
ammonia complex must first be formed and then be reduced in
the presence of 2,2'-bipyridine by the hydroxylamine hydro
chloride. A large excess of the bipyridine has no harmful effect.

Adjustment of pH Value. The ammonia concentration is an
important factor, easily controlled by adding 2 m!. of 6M am
monium hydroxide to the aliquot taken for analysis. An excess
must be avoided, as it has been found (4, 11) that ammonia
solutions show an appreciable absorption of light in the visible
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region. No particular adfantage is gained by buffering with
ammonium acetate.

Stability. The color ,ystem is stabilized for 30 minutes by the
addition of methyl carbitol.

Sensitivity. Although 2,2'-bipyridine is a more sensitive re
agent toward copper than are ammonia and triethanolamine, it
is less sensitive than 1,10-phenanthroline.

Effect of Diverse Ions. In an interference study of 18 of the
more common diverse ions, transmittancy measurements were
made at 430 m!' on solutions containing 1 mg. of copper per liter
and varying concentrations of the ion in question up to a maxi
mum of 500 mg. per liter. Unless the added ion caused a varia
tion of more than 0.1 % in the transmittancy, it was assumed that
there was no interference. The results which are listed in Table
II are similar to those obtained by Moss and Mellon in their
studies of the 1,10-phenanthroline-copper system (9) and the
2,2'-dipyridine-iron system (8). Cadmium, chromic, cobaltous,
ferric, nickelous, and zinc ions interfere, apparently by complex
formation with the reagent. Of the cations which precipitate in
ammoniacal solution and are therefore removed in the course of
the procedure, only iron is normally found in copper ores. Cya
nide and thiosulfate are the only common anions which interfere.
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Europium Determination in Rare Earth Mixtures
DAVID C. FOS:rER AND HOWARD E. KREMERS

Research Department, Lindsay Chemical Co., West Chicago, Ill.

SMALL amounts of europium are present in all rare earth ores,
and partially separated rare earth mixtures will contain

amounts of europium varying from traces to several per cent.
Because of interference .from other rare earth absorption bands,
europium concentrates cannot be analyzed conveniently by spec
trophotometric methods. McCoy (2) determined europium by
passing a sample ,of europium chloride solution through a Jones
reductor into an excess of standard iodine in a carbon dioxide at
mosphere and titrated the excess iodine with standard sodium
thiosulfate solution. This procedure is satisfactory for samples
containing fairly high europium concentrations, but it has not
been found satisfactory in this laboratory for samples of low
europium concentrations.

This investigation has resulted in the development of a method
which yields satisfactory results at nearly any concentration of
europium, making possible a rapid europium determin/ttion at
any stage of rare earth purification. The method consists of
passing a rare earth chloride solution containing the europium
through a Jones reductor into an excess of ferric chloride. An
amount of ferric chloride equivalent to the amount of europous

chloride formed by reduction is reduced to ferrous chloride, and
the latter is titrated with standard potassium dichromate solu
tion. There is no interference from other rare earths such as
samarium and ytterbium which can exist in the divalent state, as
these rare earths are not reduced by zinc.

REAGENTS

$tandard potassium dichromate, 0.04N.
Ferric chloride, ca. 0.04N, containing just enough hydro-

chloric acid to prevent hydrolysis.
Hydrochloric acid, ca, 0.05N.
Sodium diphenylamine-p-sulfonate, 0.3% aqueous solution.
Amalgamated zinc is prepared by stirring 300 grams of reagent

grade 20-mesh zinc with 300 m!. 2% mercuric nitrate solution
containing 2 ml. of concentrated nitric acid. The amalgamated
zinc is washed well with water by decantation, and is used to
fill a Jones reductor 2 em. in diameter and 23 em. high.

PROCEDURE

The sample size must be varied according to the concentration
of europium in the rare earth mixture in order to obtain a suitable
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titration for a microburet. Suitable amounts of europium are in
the range 0.1 to 0.4 meq., which will r81uire 2.5 to 10 ml. of 0.04N
potassium dichromate.

The rare earth sample must be purified to remove' materials
reducible by zinc. This is done by oxalate precipitation of the
rare earths and ignition of the oxalate to oxide.

Dissolve the sample of rare earth oxide in hydrochloric acid
ev~porate ~o a sirup under an infrared lamp ·to remove exces~
aCld, and dilute to about 20 ml. with distilled water. Flush the
Jones reductor column with 150 ml. of O.05N hydrochloric acid.
Add 20 ml. of 0.02N ferric chloride solution to a 500-ml. Erlen
meyer flask. Attach the flask to the Jones reductor with a three
holed rubber stopper fitted with a glass tube for introducing
carbon dioxide gas below the liquid level in the flask. Bubble
carbon dioxide through the solution in the flask for 7 minutes
to remove air. Add the 20-ml. sample solution to the top of
th~ reductor, a~d follow .with 150 ml. of 0.05N hydrochloric
aCld wash solutlOn; 10 mmutes are required to pass the sample
and wash solution through the reductor. Remove the flask,
add ~ ml. .of concentrated hydrochloric acid, 5 ml. of 85% phos
phone aCld, and 3 drops of 0.3% sodium diphenylamine-p
sulfonate solution, and titrate with standard 0.04N potassium
dichromate solution.

DISCUSSION

Kolthoff (.t) states that if ferrous iron is titrated in the presence
of hydrochloric acid with diphenylamine compounds as indicators,
the end point is poor because the indicator is oxidized before the
end point is reached. The addition of phosphoric acid lowers the
oxidation potential of the ferric-ferrous iron system by forming a
complex ferric phosphate ion, thereby avoiding premature oxida
tion of the indicator. By trial and error, the quantities of phos
phoric acid and hydrochloric acid used were found to give a very
sharp end point.

The method is designed as a control method for europium puri
fication techniques. The wide range of the method and its re
liability are shown by the following typical experiment.

A sample of samarium acetate analyzed by the method was
found to contain 2.21 % Eu203 in the rare earth oxide. A solu
tion of 315 grams of .the samarium acetate containing 159.7
grams of rare earth made was extracted nine times with liquid
sodium amalgam to separate europium by the method of Marsh
(.n. The rare earths from the extracts and residue were re
covered by precipitation as oxalates, and analyzed for europium.

ANALYTICAL CHEMISTRY

Table I. Separation of EuropiuIll fro01 Sa01ariu01
Rare Earth Oxide, Eu,O, Eu,O,

Grams 0.0424N in Rare in .
In Sample for K2Cr201, Earth Extract.

Extract extract analysis Ml. Oxide, % Grams

1 2.40 0.1419 13.80 72.55 1.74
2 1.90 0.1814 13.77 56.62 1.10
3 1.19 0.1775 4.83 20.30 0.24
4 5.27 0.4621 0.61 0.98 0.05
5 1.80 0.1872 0.12 0.48 0.008
6 3.56 0.2551 0.12 0.35 0.012
7 30.65 0.4509 0.05 0.08 0.024
8 2.03 0.1716 0.07 0.30 0.006
9 3.40 0.2719 Nil Nil Nil

Residue 98.00
Total 150.20 3.l8

Recovered

Not all of the rare earths taken were recovered, I;>ecause of
unavoidable incomplete precipitation of rare earth oxalate and
mechanical losses in the extractions. The data are given in
Table 1.

The p~ecision of the method is adequate. With rare earth
oxide samples containing 2 to 3% Eu203, analyses can be dupli
cated to within 1% precision, and with essentially pure europium
oxide the difference between duplicate samples is less than 0.5%.

The method was checked against pure europium oxide prepared
by McCoy (3) and results were consistently 3.3 to 3.5% low.
Europium materials prepared in this laboratory known to contain
a maximum of 0.2% impurities by spectroscopic tests also an
alyzed about 3% low. The cause of these low results could not
be found, but this does not prevent the procedure from being a
very useful tool for following a europium separation. It is
possible to standardize the potassium dichromate solution
empirically against pure europium compounds.
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Polarographic Analysis of Lead Driers
D. A. SKOOG AND ROBERT L. FOCIITI

Stanford University, Stanford, Calif.

LEAD soaps are widely used in the paint. industry as driers, and
numerous methods of determining the lead content of such

materials have been reported. In general, these methods require
a preliminary separation of the metallic ion from the organic acid,
followed by the determination of the lead by one of the standard
procedures. In the American Society for Testing Materials
method (1), the sample is wet oxidized with nitric and sulfuric
acids, followed by determination of the lead as sulfate. Gracis
(.4) recommends separation of the lead by hydrolysis of the soaps
with nitric acid. The lead is then determined in the aqueous solu
tion by titration with molybdate. Castiglioni (2) hydrolyzed
lead naphthenates in acetic acid and then removed the naphthenic
acid by extraction with ether. The lead was then determined as
the chromate. Gavarret (3) analyzed lead driers by dissolving
in benzene or trichloroethylene and extracting the lead with
nitric acid. The lead was determined in the extract by the ferro
cyanide method.

1 Present address, International Minerals and Chemicals Corp., San Jose,
Calif.

All of these procedures are time-consuming and tedious, and
in the search for a simpler method the polarographic behavior of
lead soaps dispersed in aqueous medium by means of a detergent
was investigated. Preliminary experiments showed that most of
the common lead driers could be readily suspended in aqueous
dodecylamine acetate to give clear solutions. Such dispersions
gave typical polarographic waves for lead, and it was found that
the wave heights were directly related to the concentration of the
lead in the driers. These experiments led to the development of
a very simple and rapid procedure for the analysis of lead driers
which does not require the preliminary isolation of the' metallic
ion from the organic substrate. This paper gives a detailed de
scription of the method and the important variables affecting the
results obtained by the procedure.

MATERIALS AND APPARATUS

Lead Soaps. Several lead driers were obtained from commer
cial sources. These included lead naphthenate, octoate, linoleate,
and resinate from Frederic A. Stresen-Reuter, Inc., Chicago, Ill.;
and lead naphthenate, octoate, and linoresinate from Advance
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Table II. Effect of DodecylaInine Acetate Concentration
on LiIniting Currents for Lead

(2 X 10-3 j\{ solutions of Ph++)

Dodecylamine Limiting
Acetate Conen., M Current, pa.

idle
8.50
8.25
8.21
8.37
8.49
8.53
8.34
8.38

20.5
18.7
16.9
16.7
16.6
16.7

8.35Av.

0.005
0.010
0.050
0.080
0.090
0.100

rent in the more dilute detergent solutions by addition of such
electrolytes as sodium acetate and potassium nitrate. However,
coagulation of the dispersed soaps occurred and these experiments
were abandoned.

The diffusion currents for lead from O.IM detergent solutions
were found to be directly proportional to the lead concentration;
the proportionality constant was the same for lead acetate and
the various lead soaps investigated with the exception of the lead
resinate. This is illustrated in Table III, where the values for the
diffusion current over concentration for lead acetate and lead
naphthenate are compared at different lead concentrations.
Similar values were found with the other soaps studied. Thus,
standard solutions of lead acetate can be used for calibration pur
poses for the analysis of any of the common lead driers.

RECOMMENDED PROCEDURE

Weigh out samples of 0.05 to 0.1 gram into 50-m!. glass
stoppered Erlenmeyer flasks. Measure exactly 25 m!' of the
O.IM dodecylamine acetate into the flask with a pipet, and
shake the mixture vigorously until dispersion is complete and a
clear solution is obtained. Rinse the polarographic cell with
this solution and finally fill the cell. Remove the oxygen from the
solution by bubbling with nitrogen. During this process, foaming
will occur and some of the solution may be lost. However, this
does not alter the results in any way. After the oxygen has blJen
removed and the solution brought to constant temperature, a
polarogram is obtained between -0.2 and -1.0 volt versus the
saturated calomel electrode. The height of the lead wave at -0.5
volt is determined and blank correction is made by running a
solution of 0.111;f dodecylamine acetate under the same condi
tions. The lead concentration in the solution is calculated from
the diffusion current by reference to calibration data obtained
with a standard solution of lead acetate in O.IM dodecylamine
acetate or from samples of driers of known lead conc.entration
which have. been treated by the above procedure. The diffusion
current is directly proportional to the concentration of lead.

RESULTS AND DISCUSSION

A number of commercial driers were analyzed by the above
procedure and the results are given in Table IV. The data are
compared with results by the American Society for Testing Ma
terials procedure (1) involving wet ashing and gravimetric estima
tion of the lead as lead sulfate. The results compare favorably in
every case but the lead resinate. This material could not be com
pletely dispersed in the medium and the method cannot be ap
plied satisfactorily to this type of sample.

The main advantage of the procedure lies in its simplicity and
speed. A single analysis can be completed in 20 minutes and when

Table III. Relationship between Diffusion Current and
Concentration for Lead Acetate and Lead Naphthenate

in DodecylaInine Acetate Solutions
Lead Acetate Lead Naphthenate

Lead conen., C, Lead conen., C,
millimoles/liter idle millimoles/liter

O.~ 8.W 2.m
1.98 8.34 4.23
3.% 8.~ 5.n
4.% 8.U 7.~
7.U 8.W 8.~

9.90 8.47 10.08
10.44

Table I. Half-Wave Potentials for Reduction of Lead
Soaps

(Solutions O.lM in dodecylamine acetate)

El/2 V8. Saturated
Lead Compound Calomel Electrode

Lead acetate -0.484
Lead napht,henate - 0.494
Lead octoate -0.505
Lead linoleate - O. 497
Lead linoresinate - 0.484
Lead resinate - 0 .484

Solvents and Chemical Corp., New York, N. Y. These were
analyzed for lead content by the ASTM method (1) for liquid
driers.

Dodecylamine Acetate, O.IM. Solutions were prepared from
dodecylamine or dodecylamine acetate obtained from Armour and
Co., Chicago, III., under the trade names of Armeen 12D and
Armac 12D, respectively. To prepare a O.IM solution from the
dodecylamine acetate, 25 grams of the solid were dissolved in hot
water and made up to 1 liter. Solutions were also prepared from
the dodecylamine by adding 19 grams of the reagent to 5.8 mI.
of glacial acetic acid and diluting to 1 liter. The solutions were
clear when first prepared; however, with standing a haze slowly
developed. This did not appear to affect the results in any way.

Lead Acetate Solutions. A standard 0.02M lead acetate solu
tion was prepared for calibration purposes by dissolving 6.5
grams of the reagent in water and diluting to 1 liter. This solu
tion was analyzed for lead gravimetrically as lead sulfate and
then used for preparation of more dilute standards by accurate
dilutions with the dodecylamine acetate solution.

Apparatus. Most of the current-voltage measurements were
made with a Fisher Elecdropode. The galvanometer scale was
calibrated at the various sensitivities, and where half-wave
potentials were to be determined, voltages were measured with
an auxiliary potentiometer and corrected for the IR drop of the
cell. A few curves were obtained with a Sargent Model XXI
polarograph.

The polarographic cell was an H-type .with a sintered-glass
plate in the cross arm. One side of the cell was a saturated calo
mel electrode which was used as the reference electrode. The
cell temperature was maintained at 25 0 ± 0.3 0 C.

EXPERIMENTAL

All of the driers investigated, with the exception of lead resinate,
were rapidly dispersed in O.IM solutions of dodecylamine acetate
to give clear stable solutions with no undispersed residues. In
the case of the lead resinate, dispersion was incomplete and small
particles could be detected even after long agitation and heating.
These particles, when removed by filtration, were found to con
tain lead, and it was concluded that polarographic analysis of this
particular soap from detergent solutions would lead to low re
sults. This was subsequently confirmed.

The solutions containing the dispersed driers were found to
yield well-defined polarograms for lead. Current maxima were
never encountered, and no suppressors were required in any of
this work. The half-wave potentials for the lead wave varied
slightly for the different soaps, as is illustrated in Table I. How
ever, the potentials are the same as, or only slightly more negative
than, the half-wave potential for lead acetate in O.IM dodecyl
amine acetate solution. Furthermore, the slopes of the waves for
lead soaps were found to be the same as for the lead acetate solu
tions. These data and observations indicate that the lead soaps
are appreciably dissociated in the detergent media and that the
dissociation equilibrium is rapidly attained.

An investigation of the effect of detergent concentrations on
the lead polarograms was undertaken. It was found that suffi
cient amounts of the driers for analytical purposes could be dis
persed even in 0.005M solutions of the dodecylamine acetate.
However, the. more dilute detergent solutions gave high values
for limiting currents because insufficient electrolyte was present
to eliminate the migration current. This is shown in Table II.
Constant currents are obtained for detergent concentrations
above 0.05M. Attempts were made to reduce the migration cur-
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Table IV. Analysis of Lead Driers

Type of Drier

N aphthenate

Octoate

Linoresinate
Linoleate
Resinate

Lead Analysis, %
Polarographic Gravimetric

24.6 24.8
23.5 23.8
23.8 23.7
17.1 16.9'
23.4 23.4
23.5 23.3
24.6 24.6
27.9 27.7
19.6 21.4

Deviation from
Gravimetric

Method, Rei. %
-0.8
-1.3
+0.4
+1.2

0.0
+0.9
+0.0
+0.7
-8.4

polarographically to determine whether this technique might not
have wider application. These included iron, cobalt, manganese,
copper, and zinc naphthenates. Although a wide variety of
conditions was tried, only copper gave a satisfactory wave.
Apparently the remainder are so slightly dissociated in aqueous
suspensions that no reduction occurs below the decomposition
potential for the supporting electrolyte. Further work on the
polarographic analysis of copper soaps is now in progress and the
results of this work will be published subsequently.

several analyses are to be done, an even smaller time per sample
is needed. The procedure should be particularly useful in the
control of dilute driers (4 to 6% lead) where the errors of the
method would not be serious.

The naphthenates of several other metals were investigated
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Calculation of Amount of Tracer Carried with Precipitates of Its Radioactive Parent
FAUSTO W. LIMA

Escola Politecnica, Universidade de Sao Paulo, sao Paulo, Brasil

I N A recent note Kirby (1) showed how to calculate the propor
tion of measured radioactivity due to each nuclide, when

genetically related radioisotopes are employed to follow a chemi
cal reaction.

A similar type of reasoning can be used to study carrying of
genetically related radioisotopes when they are in equilibrium
before fractionation by precipitation.

Consider the case of the following radioactive disintegration:

Suppose that a suitable absorber is used to screen out all radia
tions except that from the first decay product, E2 • The activity
of nuclide E2 at time t is (3):

(1)

where

Defining AVA~ = a as "entrainment," we can write

(3)

Since, from now on, only the activity of element E 2 will be con
sidered, we shall use A as meaning the activity, A 2 , measured at
time t after separation of precipitate and filtrate. Measurement
of A at two different times t' and t"-Le., A' and A "-and sub
stitution in Equation 3 will give two equations and two unknowns,
A? and a. Solving for the entrainment a, one gets:

(4)

In a special case where >-2 » >-1, m '=" 1; and if t is sufficiently
small so that -e-AIt is very nearly equal to unity, for the times
t8 of measurement, Equation 4 will simplify to

where Al is the total activity of parent at the time of fractiona
tion. AriA? is calculated from Equation 8 of Kirby's work (1):

In fact, absolute activities are not measured, and all values for
A should be multiplied by a constant of proportionality; however,
since counting of a sample, at two different times, is done under
the same conditions the constant of proportionality will cancel
out.

Kirby (2) called attention to the fact that the condition of
equilibrium before fractionation or precipitation is not stringent
and that the ratio of parent to daughter in a nonequilibrium mix
ture could be calculate.d with the same Formula 4 by counting an
unfractionated aliquot of the mixture. Also, he showed (2) that
Equation 4 could be applied when the parent had not been quan
titatively precipitated or carried. In this last case the required
algebraic transformations are:

A~ = activity of the parent at zero time
A~ = activity of the daughter at zero time

>'1 and >-2 = decay constants of parent and daughter, respectively
m = >-./(>-. - >-,)

"Zero time" is taken as the time when separation is complete
Le., the precipitate is no longer in contact with the solution

Suppose that >-1 is much smaller than >-2 and that E I and E 2 are
in secular equilibrium and consequently A 2 = AI, where Al is the
activity of the parent at time t. Suppose that element E I is
precipitated and that some E2 is entrained with the precipitate.
We wish to calculate the amount of E 2 carried with E I • Rather
than measure the activity of E2 before and after precipitation,
we shall use· Equation 1 and measure the activity of the precipi
tate only. Since A./Al = 1 (or is equal to m if equilibrium is not
secular) before precipitation, the deviation from unity (or from
m), of AdAI, measured in the precipitate, will indicate the per
centage of E2 carried with E I . We shall see that it is not neces
sary to measure AI; it is sufficient to measure A2 at two different
times.

Equation 1 can be written alternatively as

A' - AU
a = 1 - L/II ,t,

A'e-~" - A"e-~2

A~/A~ = (A~/A,) X (ArlAV

(5)

(6)

(2) (7)
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where a' and a" are the activities of an unfractionated aliquot of
the mixture at times (t' + fit) and (t" + fit), respectively; fit
is supposed to be very small compared with the half life of the
parent. Ag;A~ is calculated from Equation 4.

Equation 4 is being used to study carrying of bismuth at tracer
level, with insoluble salts of lead; the precipitation of lead in the
experimental case under study is complete and secular equilibrium
existed before precipitation, so simplifications mentioned before
are applied; the radioisotopes being used are RaD and RaE
i.e., lead-210 and bismuth-21O.

1925
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Copper-Ethylenediaminetetraacetic Acid Complex in Alkaline Solution
Qualitative Comparisons with Benedict's Reagent

HARRY WAGREICH AND BENJAMIN HARROW

Department of Chemistry, The City College of New York, New York, N. Y.

E THYLENEDIAMINETETRAACETIC acid (ethylenebisiminodiacetic
acid) and its salts have recently been studied by Pfeiffer and

Offermann (6), Schwarzenbach, Biedermann and Bangerter (9),
Klemm (4.), and Schwarzenbach and Ackermann (8), as chelating
agents for various cations, like cupric, zinc, calcium, magnesium,
and nickel. Schwarzenbach and Ackermann (8) found the cupric
ion complex very stable. Plumb, Martell, and Bersworth (7)
reached the same conclusion by spectrophotometric studies; at
high pH values there is an insignificant amount of copper ions in
equilibrium with the complex. This chelating agent has the
ability to chelate copper ion over a broad pH range.

It therefore was of interest to see how the cupric ion complex
with ethylenediaminetetraacetic acid would act with various
organic compounds (reducing and nonreducing) encountered in
the biological chemistry laboratory, and to compare this action
qualitatively with the action of these organic compounds on the
Benedict qualitative reagent.

SOURCES OF CHEMICALS

The complexing agents used in this investigation were kindly
furnished by the Bersworth Chemical Co. and the Alrose Chemi
cal Co. Qualitatively, the reagents supplied by these companies
gave similar results. The ethylenediaminetetraacetic acid sup
plied by the Alrose Chemical Co. is described as "technically
pure."

All other reagents met ACS specifications.

PREPARATION OF REAGENTS

As it was planned to compare the action of a solution containing
copper ethylenediaminetetraacetic acid with Benedict's qualita
tive reagent, the same quantities of copper sulfate and sodium
carbonate were used in preparing both reagents. One such solu
tion contained 100.0 grams of sodium carbonate, 17.3 grams of
copper sulfate pentahydrate, 25.8 grams of the disodium salt of
ethylenediaminetetraacetic acid, and water to make 1000.0 m!.
The quantity of ethylenediaminetetraacetic acid used was that
found by experiment to dissolve the copper carbonate precipitate.
The pH of this solution was approximately 10.2, while that of
Benedict's qualitative reagent was 10.1. All pH values were
obtained with the Beckman Model H pH meter using a Type E
glass electrode.

Solutions of copper ethylenediaminetetraacetic acid contain
ing sodium hydroxide instead of sodium carbonate were prepared.
The composition of one such solution was: 17.3 grams of copper
sulfate pentahydrate, 25.8 grams of disodium ethylenediamine
tetraacetate, 7.5 grams of sodium hydroxide, and water to make
1000.0 m!. The approximate pH was 11.0.

As the tetrasodium salt of ethylenediamine tetraacetate was
available (Alrose's compound), a solution of this compound was
made as follows: 17.3 grams of copper sulfate pentahydrate,
29.2 grams of tetrasodium ethylenediamine tetraacetate, 5.05
grams of sodium carbonate (or sufficient 1M sodium hydroxide
solution), and water to make 1000.0 m!. pH = 10.1.

Another modification was to take an equivalent quantity (27.5
grams) of the cupric complex of disodium ethylenediamine tetra-

acetate (Alrose's compound) and add to it about 500 m!. of water.
The pH was adjusted to about 11.4 with 1 M sodium hydroxide
solution or saturated sodium carbonate solution.

EXPERIMENTS ON REDUCING AND NONREDUCING COMPOUNDS

To 5 m!. each of Benedict's qualitative reagent and copper
ethylenediaminetetraacetic acid in separate test tubes were
added about 10 mg. of the compounds listed below. Each mixture
was boiled in an actively boiling water bath for 5 minutes, and
then removed to cool spontaneously.

No significant differences were noticed between the action of
Benedict's qualitative reagent and copper ethylenediamine
tetraacetic acid complex with the exception of cWoroform and
chloral hydrate. With both reagents positive tests (yellow to
reddish brown precipitates) were obtained with the following re
ducing compounds: glucose, galactose, maltose, lactose, fructose,
arabinose, xylose, and ascorbic acid. Compounds which gave no
reduction of Benedict's qualitative reagent and copper ethylene
diaminetetraacetic acid were: sucrose,_ raffinose, starch, urea,
formaldehyde, egg albumin (three times crystallized), bovine
albumin (three times crystallized), trypsin, casein, creatinine,
uric acid, gelatin, cellulose, and thrombin.

As for the difference in the action of chloroform and chloral
hydrate, Benedict's qualitative reagent gave slight but positive
tests with each (1), while the copper ethylenediaminetetraacetic
acid reagent containing sodium carbonate gave no precipitate
with either compound. However, the copper ethylenediamine
tetraacetic acid reagent containing sodium hydroxide gave a posi
tive test with cWoroform, but not with chloral hydrate.

On standing, the tubes containing creatinine and Benedict's
qualitative reagent or copper ethylenediaminetetraacetic acid
develop a whitish turbidity, but give no evidence of reduction.

NATURE OF PRECIPITATE FORMED

The precipitate was filtered and was dissolved in dilute am
monia water. The solution was colorless initially, but gradually
turned blue, starting from the air-liquid interface down as time
progressed. Addition of hydrogen peroxide caused the solution
to turn completely to the characteristic blue of the copper-am
monia complex.

Another precipitate was treated with phosphomolybdic acid
according to the details given by Folin and Wu (2), yielding a blue
solution.

Another precipitate was added to dilute sulfuric acid. The
presence of copper and copper sulfate was experimentally de
termined (3).

The colors and the properties of the precipitates obtained with
both copper ethylenediaminetetraacetic acid and Benedict's
qualitative reagent were the same.
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Thus there is little doubt that the precipitate resulting from the
action of reducing sugars on copper ethylenediaminetetraacetic
acid is cuprous oxide.

OPTIMUM CONDITIONS FOR REDUCTION OF COPPER
ETHYLENEDIAMINETETRAACETIC ACID BY GLUCOSE

SOLUTIONS

In connection with the effect of pH on the amount of precipita
tion, solutions of the chelating agent were prepared by dissolving
17.3 grams of copper sulfate pentahydrate and 29.2 grams of
ethylenediaminetetraacetic acid in water and making the solution
up to 500 m!. A series of various pH values from 3.0 to 13.0 was
obtained by adding different amounts of a saturated solution of
sodium carbonate or 1M sodium hydroxide solution. Each
aliquot was then diluted with water to 50 m!. To two test tubes
containing 5 m!. of each copper ethylenediaminetetraacetic acid
solution of different pH were added 8 drops of 0.2 and 0.4%
glucose, respectively, and tests were made in the usual manner.
No reactions were observed in the solution with a pH less than 9,
while solutions of pH 9 and 9.5 gave small quantities of greenish
yellow precipitates.

Because differences in the size of the precipitate were difficult
to distinguish accurately, the procedure was varied at this point.
A modified Folin-Wu method (2) was adopted in which 2 m!. of
reagent were mixed with 1 m!. of 0.04% glucose solution, boiled
for 5 minutes in a boiling water bath, and cooled in an ice bath.
After cooling, 5 m!. of phosphomolybdic acid reagent were added
and the volume of the solution was made up to 25 m!. Compara
tive readings of the per cent transmittance were made in a Leitz
Rouy photometer at 580 mM.

It can be generalized that the higher the pH the greater the ex
tent of precipitation. In the case of copper ethylenediamine
tetraacetic acid containing sodium carbonate, a suitable operating
range was pH 10 to 10.5, with best results at 10.5. A suitable pH
range for reduction of copper ethylenediaminetetraacetic acid
containing sodium hydroxide was found to be between 10.3 and
12.8. However in the range between pH 11.5 and 12.5 there was
only a slight change in sensitivity. A pH of 12 was chosen as a
working standard.

In general, at a pH of 10.0 to 10.5 precipitates obtained with
the chelating agent in sodium carbonate solution are larger than
in sodium hydroxide solution. Benedict (1) states that "the
hydroxides of the alkali metals have a greater destructive action
upon dextrose and various other carbohydrates than have the
carbonates, and in accordance with this fact, a copper-containing
solution in which the alkalinity is secured by sodium carbonate
makes a more delicate and specific test for the detection of dex
trose than does a copper solution which contains sodium hydrox
ide." The precipitates formed with copper ethylenediamine
tetraacetic acid in the presence of sodium hydroxide appear faster
and are more reddish, while precipitates formed in the presence of
sodium carbonate take a longer time to form and settle more
slowly.

It was then considered of value to determine at a satisfactory
pH (10.5 for the solutions containing sodium carbonate and 12.0
for the sodium hydroxide solutions) that amount of tetrasodium
ethylenediamine tetraacetate required to give optimum precipi
tation with the 17.3 grams of copper sulfate pentahydrate.
Amounts of tetrasodium ethylenediamine tetraacetate varying
between 20 and 60 grams per liter were used. Using 20 grams of
tetrasodium ehelating compound under the above conditions did
not prevent the precipitation of either copper hydroxide or copper
carbonate upon the addition of sodium hydroxide or sodium car
bonate. The optimum amounts of the tetrasodium ethylene
diamine tetraacetate found both in the sodium hydroxide and
sodium carbonate solutions were between 40 and 45 grams per
liter. This information was obtained by dissolving the precipi
tates in phosphomolybdic acid (2) and comparing the resulting
blue solutions in a colorimeter.

The copper ethylenediamine tetraacetate reagent was generally
a deeper blue than Benedict's qualitative reagent.

The time for reaction in the boiling water bath was studied-5
to 6 minutes were necessary to complete the reaction.

ANALYTICAL CHEMISTRY

The solutions containing the ethylenediamine tetraacetate ap
pear to be very stable on standing. One solution 4 months old
and another 15 months old gave good results when tested in the
usual manner.

However, Benedict's solution shows no sign of reduction or
other alteration upon heating for 24 hours in a boiling water bath
(1), whereas Fehling's solution shows a marked precipitation of
cuprous oxide after 3 hours' heating (1) and the preparations
containing ethylenediaminetetraacetic acid begin to form cuprous
oxide in 2.5 to 3 hours when subjected to this treatment. When
the amount of ethylenediamine tetraacetate was increased from
0.09 to 11.6 moles keeping the quantity of copper sulfate constant
(0.07 mole), no precipitate appeared until 4.5 hours of heating.

COMPARISON WITH BENEDICT'S REAGENT

The copper ethylenediamine tetraacetate reagent prepared
with sodium carbonate at a pH of 10.5 was more sensitive than
the complex containing sodium hydroxide solution at the same
pH for qualitative determination of glucose in aqueous solutions,
but was less sensitive than Benedict's reagent in the qualitative
estimation of glucose in urine. 'With aqueous solutions of 0.12%
dextrose both Benedict's solution and copper ethylenediamine
tetraacetate sodium carbonate gave visible precipitates of cu
prous oxides, although the precipitate obtained with Benedict's
solution was larger. In urine the copper ethylenediamine tetra
acetate sodium carbonate reagent did not give significant yellow
precipitates until 0.5% glucose solution was added to normal
urine. However, Benedict's reagent can give a positive test with
0.1 to 0.2% glucose in urine.

The lesser sensitivity of the ethylenediamine tetraacetate rea
gent compared with Benedict's reagent for the determination of
glucose in aqueous solutions could be due partly to the presence
of a smaller concentration of cupric ions in the former case.
Schwarzenbach and Ackermann (8) found the copper ethylene
diamine tetraacetate complex very stable, with a log K of 18.2,
while Meites (5) obtained a value of 14.2 for the copper citrate
complex. West and Todd (10) discussing the Fehling and Bene
dict tests state that these complexes dissociate sufficiently to pro
vide a continuous supply of readily available cupric ions for oxida
tion. From this it would follow that the more stable complex in
allowing fewer cupric ions to be present would result in less re
duction.
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Separation and Concentration of Trace Metals from Natural Waters
Partition Chromatographic Technique
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Recovery tests were made by passing standard solutions and
natural water samples containing known added quantities of test
substance through the column. Recovery was considered "com
plete" when the analysis of the concentrate agreed with the analy
ses of standard solutions prepared with the same quantity of
test substances as in the column influent but in a volume equal
to that of the concentrate.

Column. The construction and operation of the extraction
column are shown in Figure 1. The dimensions are those of the
column used to obtain the results reported below. No attempt
was made to study the effects produced by major dimensional
changes.

Figure 1. Extraction COIUIllIll

Column Packing Material. The column packing consisted of a
granular cellulose acetate support carrying a carbon tetrachloride
solution of dithizone. The cellulose acetate was prepared by
crumbling and sieving a commercial product (Fisher Scientific
Co., No. C-215) through a set of well cleaned standard sieves.
Two fractions gave satisfactory results-that passed by sieve
No. 18 (1000-micron opening) and retained on No. 25 (750
microns), and that passed by No. 25 and retained on No. 35 (500
microns).

An attempt to use powdered filter paper (Whatman, cellulose
powder, standard grade) was unsuccessful, as the dithizone
carbon tetrachloride was rapidly stripped from the support by
passage of the sample.

Ten grams of sized cellulose acetate were treated with 100 m!.
of a carbon tetrachloride solution of dithizone (0.5 gram per liter)
and the slurry was heated with constant agitation in a 500-m!.
beaker on a hot plate to evaporate the carbon tetrachloride.
Heating was discontinued when the bulk of the material had
passed from a deep blackish green to a light green, a transition
which is marked, and which produces an essentially dry product
that can be readily poured and packed into a column.

A column was prepared by adding and tamping firmly into

REQUIREMENTS

The following general requirements for a satisfactory concen
trating technique will be common to many field uses. Exposition
of detailed requirements will depend upon the nature of specific
studies.

Equipment must be simple in both construction and operation.
Test substances must be concentrated by factors up to 10,000

with a precision that will not limit the precision and accuracy of
modern analytical methods.

For many studies, especially in oceanography, specificity of
the technique should be limited to a separation of as many of the
minor elements as possible from all of the major elements-that
is, the concentrate should contain none of the major constituents
initially present in the sample and all of as many of the remaining
elements as possible. In some cases this requirement may neces
sitate further separation prior to analysis.

THE determination of many of the dissolved constituents of
natural waters requires the processing of relatively large

volumes of sample by techniques which concentrate the test sub
stances and separate them from interfering elements. This
processing is required because many of the biologically and
catalytically active elements are so extremely diluted. In addi
tion, the presence of other substances in much higher concentra
tions often interferes with the analytical processes. Sea water,
for example, which is grossly a 3% salt solution, is composed of
at least 44 dissolved constituents (4). However, the six elements,
chlorine, sodium, magnesium, sulfur, calcium, and potassium,
make up 94.2% by weight of the dissolved solids. Of the remain
ing 38 elements, 13 are in the range 10-4 to 10-6%, 17 are in the
range 10-6 to 10-8%, and 8 are less than 10-8%. Forty-three
elements have not been detected in sea water. Thus, all dissolved
substances, with the exception of the six major constituents, are
in concentrations below 0.01 %, a figure suggested by Sandell (3)
as "indicating the approximate upper limit of a trace constitu
ent."

The direct determination of minor constituents in sea water is
possible in only a few cases. Methods have been devised for the
determination of dissolved nitrate, nitrite, and inorganic phos
phate, substances which have received considerable attention be
cause of their nutrient role during photosynthesis, and direct
spectrophotometric methods for several trace metals have also
been reported. Nevertheless, our knowledge of the distribution
of most of the trace elements and of their importance in biological
and geological processes is extremely limited and is likely to
remain so until concentrating and separating techniques and
analytical procedures are developed that can be made to function
efficiently under the severe conditions normally encountered in
the field operations in oceanography, limnology, and sanitary
engineering.

EXPERIMENTAL

The operation of the extraction column described here depends
upon the reactivity of metallic ions in aqueous solution with
dithizone in carbon tetrachloride solution. In principle, the de
vice operates as a partition chromatographic column in which
the carbon tetrachloride-dithizone solution is the immobile
phase, being held in the column on a cellulose acetate support,
and the aqueous solution (the sample) is the mobile phase.

Seventeen elements are reported to form dithizonates (3). Of
these, lead, zinc, manganese, cadmium, cobalt, and copper have
been studied and are completely removed from solution by the
column when operated under the conditions described herewith.
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DISCUSSION
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The use of a "solid" extraction column has several advantages
over liquid-liquid techniques, especially over batchwise liquid
liquid extraction. It permits the use of extremely simple appa
ratus which requires little or no attention during operation and
in the form described here is well suited for many field studies,
thus satisfying one of the requirements mentioned. In addition,
the column technique provides a means of attaining much greater
efficiency of operation, for its performance approaches that of a
system composed of a series of theoretical plates in which equilib
rium is maintained between the mobile and immobile phases.

The recovery of manganese(II) is perhaps the best indication
of the efficiency of the column, for the dithizonate of this element
is reported to be unstable and only 50% recovery is attainable by
batchwise liquid-liquid extraction (2).

The dithizone system complies with the specificity require
ments, as none of the major constituents appear in the concen
trate.

Concentration factors up to 1000 have been achieved. An in
crease to 10,000 would undoubtedly be possible if the residue
from digestion of the elutantwere to be diluted to 1 ml. rather than
to 10 ml. as reported here. Polarographic analysis of samples of
I-ml. volume and less has been described (1) and absorption cells
with 5-cm. path and volume approximately 0.5 ml. for the Beck
man DU spectrophotometer are available from Microchemical
Specialties Co., Berkeley, Calif.

polarogramin~ and neutralized with sulfuric acid, and the per
sulfate oxidatIOn to permanganate was performed without further
treatment.

The ammonia elutant was evaporated to near dryness to remove
the ammonia, 0.5 ml. of sulfuric acid was added and evaporated
to fumes of sulfuric, 2.0 ml. of nitric acid were added, and the
solution was evaporated to dryness. For the polarographic de
termination of copper and cobalt in the residue a supporting
electrolyte, 1M in ammonia and ammonium chloride and con
taining 0.001 % gelatin, was added, warmed, washed into a volu
metric flask, and diluted to volume, and the solution was polaro
gramed.

Recovery Tests. Column efficiency was determined by passing
solutions containing singly, and in combinations, known quanti
ties of zinc, lead, cadmium, manganese(II), cobalt, and copper
through the column. Sample volumes were 0.5, 1.0, or 10 liters.
Column elutants, after treatment, were made up to 10 ml. for
polarographic analysis.

All six substances were tested individually by passing 1 liter
of solution containing I mg. of test element through the column.
Recovery was complete in all cases.

Combinations of zinc, cadmium, and lead were studied by
passing 0.5-liter quantities of solution containing not over 1 mg.
of total test elements through the column. Complete recovery
was obtained.

A 10-liter sample containing 10 'Y each of zinc and copper was
passed through the column. The recovery of zinc was 114% and
of copper 102%.

Recovery from a sample of Chesapeake Bay water, salinity
12%0, was determined by a comparison of zinc analyses of an
aliquot to which 10 'Y of zinc had been added, with one to which
no zinc had been added. Liter samples were used in both cases.
Recovery of the added zinc was 93%.

Blank corrections were made for all analyses and residual cur
rent correction applied to all polarograms.
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place approximately 2 grams of untreated cellulose acetate fol
lowed by 3 grams of treated cellulose acetate. Glass wool plugs
at both ends of the column served to hold the packing in the
c()\u;mn. 1'nree milliliters of carbon tetrachloride were then
added to the to~ of .the column and dra:wn into the packing by
momentary apphcatIOn of vacuum. ThiS "wet" approximately
three quarter::: of the length of the treated column packing. A
colu~ to which carbon tetrachloride had not been added gave
practiCally no recovery and permitted rapid stripping of the dithi
zone from the support. Excessive wetting with carbon tetra
chloride permitted migration of the immobile phase out of the
column along with the sample and eluting solutions.

The column was washed with 100 mI. of M hydrochloric acid
and 250 ml. of metal-free water and was then ready for use.

Sample Pretreatment. Solutions from which the recovery of
lead, zinc, cadmium, cobalt, and copper were to be studied were
adjusted to pH 7.0 ± 0.1, thi~ being the only pre-extraction
treatment required.

The recovery of manganese was studied using the divalent
element. Complete recovery was obtained in experiments in
which air oxidation of the manganese was minimized. In several
experiments poor recovery was obtained and in each case the
test solutions inadvertently had been made alkaline while adjust
ing the acid test solution to pH 7.0. As the air oxidation of
manganese(II) in alkaline solution proceeds rapidly and, in fact,
is the controlling reaction in the 'Winkler determination of dis
solved oxygen, the observed behavior on the column suggests
that only manganese(II) reacts on the column or that dithizonates
of higher oxidation states cannot be removed from the column
by the methods described below. The reduction of manganese
prior to column extraction has not been studied.

Column Operation. After pretreatment, the sample was
drawn through the column with vacuum. In the tests described
here the flow rate has been controlled solely by the pressure drop
of the packing material. Flow rates up to 6 liters per hour have
had no effect on recovery. Most tests, however, were at a flow
rate of approximately 2 liters per hour. Rapid fluctuations in
pressure, such as those produced by a slow-speed vacuum pump,
tend to strip the dithizone-carbon tetrachloride from the sup
port. This can be prevented by inserting a large free volume be
tween the pump and column.

Collection of reactive substance can be observed by the color
change produced in the column as the sample is drawn through.
The capacity of the column, as estimated by the color change, is
approximately 3 mg. of dithizone reactive elements. This has
not yet been confirmed by breakthrough studies.

Elution from Column. Dithizonates were removed from the
column and partial separation of the reactive elements was
achieved by elution with the proper reagents. Of the six elements
tested, lead, zinc, cadmium, and manganese(II) were completely
removed with 50 ml. of hydrochloric acid M. Copper and cobalt
were removed with 50 mI. of concentrated ammonia. Elution
with ammonia destroyed the column, whereas an acid-washed
column could be re-used, provided sufficient dithizone-carbon
tetrachloride remained in the column.

Analysis of Elutants. In the studies reported here, all elements
except manganese were determined by the polarographic method,
using a Sargent Model XXI recording polarograph. Manganese
was determined spectrophotometrically using the persulfate
oxidation (3) to permanganate, and a Beckman Model DU spec
trophotometer with 10-cm. Corex cells.

The acid elutant was prepared for analysis by adding 0.5 ml.
of sulfuric acid, evaporating to fumes of sulfuric acid, adding 1
ml. of nitric acid, and evaporating to dryness.

For the simultaneous analysis of lead, cadmium, and zinc, 5 to
7 mI. of M potassium chloride containing 0.001 % gelatin as a
maximum suppressor were added to the residue, warmed to en
sure solution of the residue, cooled, washed into a volumetric
flask, and diluted to volume with M potassium chloride. The
solution was then polarogramed.

Molar sodium hydroxide containing 0.001 % gelatin was used
as supporting electrolyte for the polarographic determination of
lead and zinc when subsequent spectrophotometric analysis for
manganese was to be performed on the same sample. When this
was to be done, the sample was removed from the cell after



76. Methylene-bis-(N-pyrrolidone-2-carboxylic Acid)
Contributed by FRANCIS T. JONES, KENNETH J. PALMER, AND DALE R. BLACK,

Western Regional Research Laboratory, Albany, Calif.

DURlNG an investigation of acids present in sugar-beet
processing liquors the previously unreported acid, methyl

ene-bis-(N-pyrrolidone-2-carboxylic acid), was discovered and
identified (1).

modification (Figure 1) sometimes appear initially, especially if
the solution is unseeded and undisturbed by scratching, etc.
These unstable crystals transform spontaneously into opaque
pseudomorphs if allowed to stand dry for a few hours (Figure 1),
but if left in solution the long crYsFals crumble into a ql38S of
granular crystals of the stable phase (Figure 2). When grown.!n
a drop on a slide, both phases are likely to appear (Fi~e 1:) if
the slide is not scratched. Scratching at slight supersat~at:ion

gives the best crystals. Many poorly formed crystals, in c\i,fIi,
cultly recognizable orientations, will result if the supersaturaiiio.n
is too great. .
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Figure 3. Orthographic Projection of Methylene-bis
(N-pyrrolidone)-2-carboxylic Acid

The optical properties and x-ray data were determined on
crystals grown to convenient size in a beaker. The crystals were
either picked out and blotted or allowed to dry slowly after the
solution had been poured off. Floating crysta1s unsuitable for
use usually appear.

CRYSTAL MORPHOLOGY. Stable phase (Figures 1, 2, and ,3).
Crystal System. Monoclinic, Class 4 (only a 180° axis pf sym

metry).
Form and Habit. Although crystals grown from waterlmay lie

on any face and be nearly equidimensional (Figure 2), they'
usually deyelop as short prismatic ro~ or tablets elongated paral
lel to b, lyIng on {DOl} or {100}, termmated by {lID}, {011/, and
sometimes {01O} (Figure 3). Cleavage is perfect parallel to {100}
and good parallel to {001 }.

The crystals of the stable phase shown in Figure 1 ap,pear to
lack a plane of syIDffietry, but symmetrical growth (Figur.e 3)
occurs just as often under the conditions used. Crystals'etched
by brief immersion in alcohol show unsyIDffietrical etch figures on
{00II or (100 I and crystals (of the same phase) grown from
alcoholic solution are predominantly pointed on one end and
blunt on the other. The optical activity of this compound re
quires that the crystals should be hemimorphic and pyroelectric.
Their pyroelectric character was proved by heating a 3 .X 1 mm.
crystal, carried on a slide, to approximately 150° C., discharging
it while hot with a polonium foil, then touching the ends of the
cooled crystal to the probe of an x-ray dosimeter electroscope.
Oppasite ends of the crystal showed opposite charges.

Axial Ratio. a:b:c = 0.9956:1:0.8566.
Interfacial Angles (Polar). 110 A. 010 = 47 0 31',011 A 010 =

51 0 ~7'.

Beta Angle. 113° 10'.
X-RAY DIFFRACTION DATA

Cell Dimensions. a = 9.24 A., b = 9.28 A., c = 7.95 A.; {j =;'
113°10'. .... .

Stable phase grown on TDiCr08Copc slide from water

Figure 2. Methylene-bis-(N-pyrrolidone)-2-carboxylic
Acid

Unstable phase. Clear blades
Stable phase. Clear prislDatie crystals and opaque blades

Figure 1. Methylene-bis-(N-pyrrolidone)-2-carboxylic
Acid

Structural Formula of Methylene-bis-(N-pyrrolidone-2
carboxylic Acid)

Methylene-bis-(N-pyrrolidone-2-carboxylic acid) is sparingly
soluble. in water and in alcohol, the solubility increasing markedly
with temperature. When a hot saturated aqueous solution is
cooled, elongated prismatic or bladed crystals of an unstable
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appjication!! are: being received for the Merck Gra.uuate FellQw

8lJ,ip in AnaJy~iQa.lChemis:try,financed by Merck & Co., Inc., and
administered liJy·tbe AME;'glQAN, GHE~(IC.~t.SOCIETy,'. The annUlil
etipend is $2500. The plac.e of study must be an Institution.
who.se undergraduate course of ins'ti'uetioIi in chemistry is'
approved by 'the Society. In Canada· the instituti\}n must be
approved 'by the Chemical Institute of Canada and the !.OS,

A fellowship will b~aw,ar~ed to the ,applicant believed ~apal;>le

of .cQntril:>t!ting, most to the !l-dvangement of the ,t.Q!loty and prac
ticeo! anab:tic~tl-I ohemistry ·durulg, the felJowship and in the fu
tUT~. Itwi!) be voted Qontjng~nt.~poIHhesuccessfUl cli!Y(hdate'~

Q.btaiI,ling 4.ccepta:nt:e fr9rn t1l.e institution an'n profesl"QI' sele'cled
for the l~tudy prQgra,rn Sll,QnS{)i'e:d.

.!npIiQ!ttion blAnks may b'e' obt:ained 'from the. AMF;.RICAN

CHE¥IC,Ai;SOCu;J'l'Y, llMSiXteehthSt.,"N·.W" Washing.wn6,D. C.
They should be completed ,and returnedwi.th letters of recom
mendation and transcripts of credit~ before Fehruary 1, 1954.

ANALyTicAL OHEMISTRY

Papiet.chJ'omatP~filphie; Fri:gdrri,ch emmel·. 2nd edition.
U8 + xviii pages'. V~rlagi C)H~nti(), G:\UlfI,. Weinheint/
Bergstl·., 'Gen.nany, 1953, Ptke, Dj\f12~gO.

1.'11ere is, gl'owin,g' evidence b!tJl,t the; M)fie3.J'aml~ of small mOnO
grmphs on pa;perch'liematqgraphy; wilIsobri fealfh epidemic. 'Pfo
pOl:tions. The urge to write one is understandable. COntribu
tions to this neld now IlUmbel' in, the :tholisands"and last. year's
~0bel Award to Marlin and Synge for their wcork 4n this. and
clos.ely related iechnlques.-is ,ample' levidence' of its importance.

In prePliring this revision of an ~l.),rIier edition,. .]Jr, CraII!er .Qf
th..e Clte~Qlies In~ti~ut, Hl';ide)!ierg" has dQHe be·4er tl1an· mgst.
In ehoi(ili; of'IlIll,·tetlll!, selected referonces, .and cond!ms~tioq of de
,tails, the;pl'gani:(atio;n is incomp.atable. .\hnost q.aJf.of the te.xt ia
deva.ted ,to fundam.eJital pl'inG'iv,!es, .app<!>ratus; and techniques.
Speci6:c a.pplicationS ~o atrrlno acids, s;u~ar.s~ and pl'llc1;ir\ally every,
dass .of n~turally 0.CCui:ringahdsy,nthetic organic' 'subiitances arc'
dealt With In concise economic.al fashion. lVfost of the pr:actiical
and useful information ieJathig'w Rl v,aJues in var.ious solventS:iil.
.collcc.ted in tables. The bibliograph;y contains 362 \\'elI"chbsen
referencQs'with: C1:9SS reference to an author index. Subject'i'n
pex is, rulso proviqed,

The 'Gl;rman text is elegant, dil'!Jet, and \lninyolved in style.
Q!!itea, 'fe~' Anglicisms are~v!dent, whic.h is .mute ~sti,molJY to
tile fact t:h~J"so rn].l.gh 'pf t,he' s1).bi!Jct itseH is British iI! origin.

m4ding, format, and tYPQgrapby are exceII~nt~n~minille<tnt

of prewar Germ.an monographsc 'l'6Eite.a.fe.fj8 weU"dtiJ,\.Vi} 'figure,s
Mel 4 'striking Cd]:or plates, A fold:ed i~ert BiY!l~ ~ .latge s,¢ll.le
"'map'H o! th~: t\\'d-dimensibnal P2ltt.'etn fota:ininq ~acids. Err.oril
are neg)igible, but the )'ev'ie\I'I,H' NLtifiot forego, the rrlviil.l·observa
tioh t.hat the, correct a:~ldress ot j,,Jessrs. H. Reeve' Angel&: Co.,
Ltd.; .is !9 Bridewell Flace, I,ondon E.G. '4, BngXarrd. This is a
hospitable es.tablishment" headquarters f01: Wimtman, ,pa.pers' and
technical. information, Incidentally, it is also publisher' of an
'exlcellcnt 'monograph on. the slime .subject hy .], N .. Halston and
B.. E. Talhot.

It is l'egret'table that so mueh of Uli'S sl1bject rllfUain$ 'l:;mpil'ic~l,

Tn m.ttny respe,cts, chNl1fatogra;phy is 'a ;co.okhook ·practice., ''l:!le
SUh]Mt ha$not beM withQut ,lj;Ql~ .f\.nd reS'oul'eefu! BtilJa~S}j,V:"

ilti~ts .and Es.coffier§) h'l,lt t9Q 'fe~ ]:I:);."e bfl(ln intere(lted .in the
mec,lilLnism, Qf the' ptQce§S qr in, ..l'\. detailed investiga;:tion .·of the~e

c].l.j·jo1,l~ Il,Ad Qe.I(·ildei;mg 'Pheno.me:n~.. 'The.se: things, wiUbel,loder
;;tMd ii} tJie: fu,t1,lre. IIi' the meantinw, Cramer, It:nd the otliet~

\vehave m.entipoed" 'l!;re ,doing c.hefnilltsa gr'eat M.rvi~e, by keeping
them 1\cquaiJj,f,ed Wlthadvan:Ces, in 'this mos,t useful technique..'

RAJ,PHo H. MuLLER

Reviews ·of Pe:troletim 'f,echilolo~y 1951., .fi', H. :Gamer.., K B.
Ev.ans, and George Sell, editors, Vol. 13. viii + 360 pages.
Institute of Petrdl~um,',26 POJ,flamd ;Pla'ce, Lonnon W.l, 'Eng~

land'. ,Price, 50s.

C)f iJif,etJ:lst ,to attaIY.sts, is a 19-page chapter OIl "!na;!Y3is, and
Testmg" by J. Scottaild A. G. Meredith, which covers; the pr~g
ress made duririp; the past year in the field of analyS:is ,and test
ing of the major petro'lnurn fractions,.

Ferrous ArililYSis. Modern Practice ,and Th~ory. E'.. C.
Piggot't. x.x:vii + 690 pages, JOllI'l Wiley &; ,sons;. 440
Fourth Av:e.,New York, N. 'Y., 1953. Price, $l'~..&O.

The text is. diviiieq. into, 'five :sections.: Ana!yticaJ Tec!:miques,
COllsf,itil,lent,s. oj lro;Il atlc;i St()'eh Mici:Qche$Gal Ana.lyS)S of lr~.m

and Steel; Alloys l1mq. Ores>, lLlrd Refractory Materials'. An ;ap-
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pendix contains a ready reference to methods for the rapid analysis
of bath samples, Iite;.ature references from 1930 (including books
published in English), a glossary of chemical, physical, and
metallurgical terms, and lists of British chemical standards.
Section I contains chapters on available techniques and their
choice, photoelectric absorptiometry, spectrographic procedure,
and organic reagents for the analysis of iron and steel. Section II
considers methods for the determination of 31 different elements
in steel. For each element, a brief resume is given. of its reduc
tion from the ore, its functions in iron and steel, its chemical
properties, methods for its detection, one or more methods for its
determination, and the theory on which each method is based.
Included are methods for hydrogen, nitrogen, and oxygen. A
statement is made concerning the accuracy of each method and
the time required to carry out the procedure. A similar arrange
ment is used for the remaining three sections.

The book emphasizes applied analysis, with somewhat more
emphasis on English practice than that of other countries. With
its bibliographies, it will provide a convenient and valuable
reference and a good source of specific procedures for ferrous
analysis. H. F. BEEGHLY

Regional Conclave
AT THE Regional Conclave of the AMERICAN CHEMICAL SOCIETY,

held December 10 to 12 in New Orleans, 51 papers on an
alytical chemistry were presented. Abstracts of most of these
are given below.

Volumetric Determination of Sulfate. JAMES L. KASSNER, ESTELLE
O. JACKSON, AND MYRON E. CALKINS, University of Alabama, Uni
versity, Ala.

A~rapid and accurate volumetric method for the determination of
moderate quantities of sulfate has been developed. The method
involved only three steps: the removal of metallic ions by passing
the sample through a bed of a strong acid cation exchange resin;
the precipitation of the sulfate ions by the addition of an excess of a
standard lead nitrate solution; the titration of the excess lead ions
with a standard tri-sodium phosphate solution. A special mixed
indicator prepared from chlorophenol red and alphazurene dye was
used to adjust the pH of the solution before the lead nitrate was added
and to indicate the end point. The method has been applied success
fully to synthetic samples containing 50 to 200 mg. of sulfate.

Volumetric Determination of Alumina in Bayer Process Liquors.
ROBERT R. PHILLIPS AND ALTON E. McLAUGHLIN, Kaiser Aluminum
and Chemical Corp., Baton Rouge, La.

The gravimetric determination of alumina in Bayer process liquors
is lengthy and usually of no great accuracy. Volumetric methods
involving precipitation of K,AIF. are not acceptably accurate for
plant liquors containing silica. The following method, a synthesis
of methods already known, was convenient, rapid, and acceptably
accurate. Silica and .phosphate interference was inappreciable if
these substances were not present in 'rather large amount, but .
sulfate should be absent or low.

A solution of alumina in excess hydrochloric acid was sampled in
duplicate aliquots. To one aliquot was added a large excess of neutral
potassium oxalate: titration with standard base then determined the
free acid. Under proper conditions, the pH of the end point varied
only slightly, and the end point was readily noted by the use of a mixed
indicator. To the duplicate aliquot was added an excess of neutral
barium chloride and Rochelle salt solution. The result was the ap
parent liberation of three protons per aluminum atom. The acid thus
produced was conveniently titrated to a sharp end point with phenol
phthalein.. The difference between the two end points was stoichio
metrically related to alumina content. Caustic soda and total
soda, quantities of interest in Bayer process control, were also easily
determined.

Determination of Epoxides with Sodium Sulfite. J. DONALD SWAN.
Jefferson Chemical Co., Austin, Tex.

A method for determining epoxides based on their reaction with
aqueous sodium sulfite was described. Titration of the liberated
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caustic provided a convenient measure· of epoxide concentrations.
A number of different epoxides have been analyzed successfully by
this procedure. Several solutions con.taining from 0.5 to 80% epoxide
have been analyzed with an accuracy of ±0.5%. Glycols, alcohols,
and chlorohydrins did not interfere, but aldehydes did. A procedure

.was described for determining both epoxide and aldehyde in mix
tures.

Determination of Oxygen in Purified Argon, Carbon Dioxide,
Helium, Hydrogen, and Nitrogen. Improved Winkler Method.
WANDA BRADSHAW AND LOUIS SILVERMAN, North American Avia
tion Co., Downey, Calif.

The careful present-day studies of metal corrosion necessitated the
preparation and analysis of inert gas blankets free, or nearly free, of
oxygen. Micro amounts of oxygen may be determined in the inert
gases and in nitrogen, carbon dioxide, and hydrogen by a modifica
tion of the Winkler method. The oxygen was absorbed in manganous
hydroxide and converted to iodine, which was extracted into o-xylene
and determined colorimetrically.

The analysis took place at low pressures, from 350 to 760 mm. of
mercury. Either small volumes of gas (200 ml.) or large quantities
such as those obtained from a flow of gas or from pressurized gas
tanks may be analyzed by this method. A reproducibility of 0.5
p.p.m. was obtained over a range from 0 to 150 p.p.m. (microliters
per liter). The method could be extended to higher ranges by
titrating iodine with thiosulfate.

Improved methods of removing dissolved oxygen from the analyti
cal reagents resulted in a constantly low blank which permitted the
high degree of precision obtained.

N-Bromosuccinimide as an Organic Classification Reagent. PAUL
F. KRUSE, JR., AND THOMAS A. McCoy, Samuel Roberts Noble Foun
dation, Ardmore, Okla.

N-Bromosuccinimide served in a simple test for differentiating
saturated primary, secondary, and tertiary alcohols. Three drops
of the alcohol, or an equivalent amount of solid, were dissolved in 1
ml. of carbon tetrachloride, treated with an amount of N-bromo
succinimide on the tip of a small spatula (15 to 30 mg.). and boiled
over a microburner. Primary alcohol tests yielded an orange color
within 3 minutes, which was permanent on cooling. Tests with second
ary alcohols gave an orange color which disappeared rapidly on cooling,
and an orange color formed in the precipitate of unreacted bromoimide.
Tertiary alcohols gave no observable change even after boiling for 5
minutes. Succinimide was present at the top in all tests in which reac
tion occurred. Thirty saturated aliphatic and alicyclic alcohols were
tested, ranging from methanol to l-octadecanol.

Twenty-six additional tests indicate that the method was useful in
characterizing the nature of the hydroxyl group in compounds such
as hydroxy esters, ether alcohols, and others. The test was being
applied to a series of glycols, amino alcohols, amines, and substituted
benzenes and naphthalenes.

N-Chlorosuccinimide, N-iodosuccinimide, and dibromodimethyl
hydantoin were also being investigated as classification reagents.

Analytical Studies of Some Acyloin Oximes. HANS A. SUTER AND
PHILIP W. WEST, Louisiana State University, Baton Rouge, La.

The unusual solubility relationships of the copper salts of the
alpha isomers of acyloin oximes have been investigated. Based on
these studies, a polymeric structure for these copper salts was proposed.

The following alpha-isomers of acyloin oximes were examined:
benzoin oxime, 2,2'-furoin oxime, phenylbenzoin oxime, methyl
benzoin oxime, 2,2'-thenoin oxime, a-hydroxyacetophenone oxime,
and a-hydroxyisobutyrophenone oxime. Of these compounds only
benzoin oxime had been previously studied from the standpoint of
their use in analytical chemistry.

Microscopic Fusion Study of 2,4,S-Trichlorophenoxyacetic acid'
and Related Compounds. CLAUDE J. ARCENEAUX, Ethyl Corp.,
Baton Rouge, La.

Microscopic fusion techniques were applied to a study of 2,4,5
trichlorophenoxyacetic acid and six related compounds. This was
done in order to obtain fundamental crystallographic data and rapid
methods of characterization for the following compounds: 2,4,5
trichlorophenoxyacetic acid; 5-methoxy-2,5-dichlorophenoxyacetic
acid; 2,4,5-trichlorophenol; the sodium and potassium salts of
trichlorophenoxyacetic acid; 2,3,6-trichlorophenoxyacetic acid; and
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2,5-dichlorophehoxyacetic acid. Furthermore, simple and rapid
qualitative fusion methods of detection have been developed for the
sodium and potassium salts of 2,4,5-trichlorophenoxyacetic acid in the
commercial product.

Theory of Electrolysis at Controlled Current in Unstirred Solution.
ExperimentaJI Study of Potential-Time Curves. PAUL DELAHAY AND
CALVIN C. MATTAX, Louisiana State University, Baton Rouge, La.

Experimental methods for the precise recording of potential-time
curves are described and applied to various electrode processes.
The theoretical treatment of reversible electrode processes is verified
in the cases of the reduction of ferricyanide, thallous, and cadmium
ions. The properties of potential-time curves obtained by reversing
the current at the transition time are also in good agreement with
theory. The features of experimental potential-time curves for the
irreversible reduction of oxygen, nickel(II), and cobalt(II) in various
electrolytes also agree well with theory. The analysis of potential
t.ime curves for the reduction of chromate ion in I M sodium hydrox
ide indicates the occurrence of a stepwise process. Potentialities of
the constant current method in the study of electrode processes are
discussed, and applications to analytical determinations are briefly
mentioned. Experimental data determined by the present method are
used in the verification of the theory of irreversible polarographic
waves previously developed.

Determination of Moisture in Salts by the High Frequency Method.
FRED 'j;V. JENSEN AND M. B. BURTON, JR., A. & M. College of Texas,
College Station, Tex.

The purpose of this research was to develop a rapid, simple, and
accurate method for the determination of moisture in salts. The
apparatus consisted of a lO-megacycle Clapp oscillator with a sample
column placed in series with a diode rectifier and a d.c. microammeter.
The device was equipped with a temperature compensator. Studies
were made on sodium chloride and ammonium nitrate. Fifty-gram
samples of the salt mixtures containing varying amounts of moisture
were agitated for 5 minutes with a mixture of 1,4-dioxane and meth
anol. After settling or centrifuging, the liquid was introduced into
the sample column and the readings were made on the microammeter.

During the stirring process an equilibrium is set up between the
moisture in the salt and the moisture in the solvent. With increase
in moisture content in the salt the amount of moisture extracted by
the solvent also increases. Since the solvent is in all cases saturated
with salt, the conductance of the solvent increases with increase in
moisture content. With the correct concentration of 1,4-dioxane and
methanol the response is linear.

The instrument showed very good accuracy and reproducibility,
excellent time stability, and temperature compensation. The time
required for a single moisture determination was on the order of 10
minutes.

Determination of Water in Alcohols by an Indirect Conductivity
Method. C. KINNEY HANCOCK, CHARLES M. HUDGINS, JR., AND
RALPH E. ZERWEKH, JR., Texas Engineering Experiment Station,
College Station, Tex.

Using methyl and ethyl alcohols, studies of alcohol-acetone-water
saturated sodium chloride systems show that the conductivity is
nearly linear with the water content over the range of 0 to 10% water.
Linearity can be approached more clearly by increasing the acetone
concentration, but a pmallel decrease in sensitivity occurs. The
optimum acetone concentration is about 30%. The procedure re
quires about 15 minutes and may be used to determine water in
methyl and ethyl alcohols. The application of the method to the
determination of water in other materials is of considerable interest
and encouraging results have been obtained in the determination of
water in soils and in sucrose solutions.

Acetic Anhydride in Nonaqueous Titrimetry and Its Role in the
Determination of Sulfuric Acid Catalyst in Ethanol Esterification
Mixtures. A. F. Gm'MILLION, Carbide and Carbon Chemicals
Co., Texas City, Tex.

The use of acetic anhydride in nonaqueous titrimetry has been
extended beyond its employment as a dehydrating agent. It has
been successfully used in the determination of sulfuric acid catalyst
in ethanol esterification and a study of the influence of other solvents
in the mixture conducted.

In addition, acetic anhydride has been used as a solvent for the
titration of a number of weak bases. Some pyridines, amines, and
ureas have been titrated with considerable sharpness of end point

ANALYTICAL CHEMISTRY

and in some cases large potential changes at the end point. A: tech
nique enabling the use of this solvent when titrating weak primary and
secondary amine bases was descrIbed.

Coordination of Instrumental Analysis with Other Analysis Meth
ods. JOHN T. WILEY, Texas Co., Port Arthur, Tex.

In laboratories where analytical instruments are in use questions
arise as to what instrument or instruments should be used for a
particular sample or if instrumental methods are desirable. This is
especially true of samples that are submitted with only the notation
"identify" and without additional information as to source or possible
constituents. A fairly definite program of analysis for such samples
has been established that expedites their analysis by taking advantage
of modern instrumentation and at the same time not losing sight of
the value of other analytical methods.

Samples are divided roughly into two classes, hydrocarbon and
nonhydrocarbon samples, except in the case of gases, where no
division is made. The samples are then redivided as to whether liquid
or solid. The samples are then observed for general appearance and in
the case of solids examined microscopically. Procedure from this
point is dependent on the results of their examinations and other
factors which were discussed.

Apparatus for Determination of Sulfur in Petroleum Products by
the Lamp Method. HOWARD HOPKINS, Pawhuska Research Labora
tory, Pawhuska, Okla.

An apparatus has been developed which will determine the sulfur
content of petroleum products, ranging from liquefied petroleum
gases through Diesel fuels, simultaneously and with equal facility.
Very precise control over the'sample combustion can be obtained
throughout the determination, and once started the samples require
a minumum of attention. The sulfur is determined volumetrically,
and these values are closely comparable with the gravimetric values.
The results obtained with this apparatus equal or surpass those ob
tainable with similar apparatus and methods, and the degree of con
trol over sample combustion possible with this apparatus far sur
passes that obtainable upon other lamp sulfur apparatus.

Radioactive Tracers as Adsorption Indicators. R. B. ESCUE AND
NEWMAN P. BULLOCH, North Texas State College, Denton, Tex.

A progress report on the use of p32 and 1'31 tracers to follow the
course of precipitation titrations. The adsorption of tracers is af
fected by excess titrant, and the radioactivity of the tracer is fol
lowed by a G-M tube in contact with the solution. The specific case of
adsorption on barium sulfate and' the possibility of determining sul
fate ion by volumetric precipitation were discussed.

Use of Nuclear Techniques in Analytical Chemistry. G. W. LEDDI
COTTE AND S. A. REYNOLDS, Oak Ridge Nation,,,l Labnratory, Oak
Ridge, Tenn.

This paper introduced the application of the unique properties of
nuclear particles to analytical chemistry problems. Of primary
interest are the properties of these nuclear particles and their inter
actions with matter. Some of these, interactions, especially those
involving neutrons, have been found useful as techniques for chemical
analysis by induced radioactivity (activation analysis), neutron
transmission, and neutron absorption. A general discussion of each
method, the theoretical sensitivities, and present applications were
presented. In addition to these techniques, the method of analysis by
radioactive tracers was discussed.

Determination of Trace Elements in Crude Oils and Distillation
Products by Radioactivation Analysis. G. W. LEDDICOTTE AND H. A.
MAHLMAN, Oak Ridge National Laboratory, Oak Ridge, Tenn.

The nuclear reactions which occur in the Oak Ridge National
Laboratory graphite reactor now form the basis of a unique analytical
service for determining trace element concentrations in many differ
ent materials. The method of radioactivation analysis, its sensitivi
ties of detection, and applications were reviewed. Special attention
was directed to the determination of trace element concentrations in
crude oils and distillation products by neutron activation analysis.
Trace amounts of arsenic, copper, chromium, iron, mercury, nickel,
sodium, and vanadium in crude oils and distillation products have
been determined by this method of analysis. Nuclear data, method.
of irradiation, processing of samples after irradiation, and type re
sults obtained in the assay of these materials were presented.
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Determination of Trace Elements in Grass and Grain by Radio
activation Analysis. H. A. MAHLMAN AND G. W. LEDDICOTTE, Oak
Ridge National Laboratory, Oak Ridge, Tenn.

The usefulness of nuclear techniques involving induced radio
activity by neutron irradiation-i.e., neutron activation analysis
in determining trace elements in grass and grain was discussed.
Pertinent nuclear data, method of irradiation, processing of samples
after irradiation, and typical results obtained in the assay of samples
were reviewed. So far, neutron activation analysis has been applied
to the determination of trace concentrations of cobalt, copper, iron,
manganese, molybdenum, strontium, and zinc in rye grass and corn.

Isotope Effect Study of the Pinacol Rearrangement. WAYNE CAR
RICK AND ARTHUR FRY, University of Arkansas, Fayetteville, Ark.

1,I,2,2-Tetraphenylethylene glycol-l-C" has been prepared and
allowed to rearrange to 1,I,l-triphenylacetophenone under several
different sets of reaction conditions. The ketone was degraded to
triphenylmethane and benzoic acid. In all cases these two com
pounds were found to have the same molar activity within experi
mental error, indicating that there had been no intramolecular iso
tope effect in the rearrangement. These results show the improb
ability of some of the detailed reaction mechanisms which have been
considered for the reaction, but are consistent with the postulation
that the pinacol rearrangement is a completely concerted reaction.

Use of Carbon-14 in a Competitive Reaction Rate Stuqy. CHARLES
T. LESTER AND Gus A. Ropp, Oak Ridge National Laboratory, Oak
Ridge, Tenn.

Maleic-l-C" anhydride(I) was synthesized from sodium cyanide
C" by a modification of the method of Nystrom, Loo, and Leak
[J. Am. Chem. Soc., 74, 3434 (1953)]. Samples of the anhydride were
used in three Diels-Alder reactions at 25° C., with the dienes 1
phenyl-l,3-butadiene(II), 1-(p-methoxyphenyl)-I,3-butadiene(III),
and 1-(p-nitrophenyl)-I,3-butadiene(IV). The three reaction mix
tures were of the following compositions in benzene solutions:

I with a large excess of an equimolar mixture of II and III
I with a large excess of an equimolar mixture of II and IV
I with a large excess of an equimolar mixture of III and IV

By analysis of the product mixtures using carbon isotope dilution
technique, the relative values of the specific reaction rate constants
for the three dienes were shown to be k-OCHa > kH > k-NO,. Although
the measured ratios did not show a close fit to the Hammett equation,
the results are in accord with an ionic mechanism for these Diels
Alder reactions. In view of the high polarizability of such dienes as
those used here, a close fit to a Hammett equation should, perhaps,
not be expected.

Synthesis of 1,2-Dihydro-3,6-pyridazinedione-3,6-C". J. GRAY
DINWIDDIE, JR., AND JOHN A. PORTER, Clemson Agricultural Col
lege, Clemson, S. C.

The process was described by which barium carbonate containing
carbon-14 is converted into 1,2-dihydro-3,6-pyridazinedione-3,6
C", the cyclic hydrazide of maleic acid. Intermediate compounds
in the synthesis include potassium cyanide, succinic acid, dibromo
succinic acid, fumaric acid, maleic acid, and maleic anhydride.

One-Step Preparation of C14-Cyanide from Barium Carbonate-C".
J. K. JEANES, Texas Research Foundation, Renner, Tex.

The importance of cyanide in the synthesis of organic compounds
labeled with isotopic carbon requires that it be made available in high
yields by simple and inexpensive procedures starting with barium
carbonate. Methods have been described for the conversio~of al
kali carbonates to cyanide, but each has its own limitation. A pro
cedure has been developed whereby barium carbonate can be con
verted to sodium cyanide in one step by heating barium carbonate,
zinc dust, and metallic sodium in a stream of anhydrous ammonia
which had passed over hot iron. Iron seemed to have an important
role, in that it catalyzed the decomposition of ammonia to give nitro
gen gas and other "active" forms of nitrogen which were essential
in the reaction. The yields in this laboratory were quantitative.
The specific activity of the labeled cyanide remained unchanged
from that of the carbonate which was used.
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Electromagnetic Isotope Separation of the Palladium, Platinum,
and Rare Earth Elements. C. P. KEIM, Oak Ridge National Labora
tory, Oak Ridge, Tenn.

The electromagnetic separation of isotopes has now been accom
plished with most of those elements having naturally occurring iso
topes. In recent months, in addition to maintaining a stock of en
riched isotopes for research, progress has been made in processing
some of the more difficult elements. For example, the palladium and
platinum elements do not have stable compounds which can be vapor
ized in the ion source. Also, the rare earth elements must be chemi
cally separated to provide charge material for the mass spectrograph
isotope separations.

Palladium and platinumlike metals have been heated by electron
bombardment to as high as 2800° C. to provide sufficient vapor in the
calutron ionization chamber for isotope separation. The rare earths
are being separated chemically in tributyl phosphate-nitric acid ex
change columns to provide mass spectrograph charge materials.

Determination of Tritium by Radioautography. D. E. BEISCHER,
U. S. Naval School of Aviation Medicine, Pensacola, Fla.

The isotope hydrogen-3 offers a convenient way to label many
inorganic and organic compounds. The possibilities and limitations
of a quantitative determination and localization of the labeled mole
cules by radioautography were discussed. Effective use was made of
tritium-labeled stearic acid monolayers as secondary radiation stand
ards. Based upon results of this study recommendations for the
radioautographic procedure and the choice of the photographic mate
rial were made. Examples of the use of the method in surface chemis
try were presented.

Gamma-Ray Spectroscopy in Analytical Radiochemistry. BERND
KAHN AND W. S. LYON, Oak Ridge National Labratory, Oak Ridge,
Tenn.

A thallium-activated sodium iodide gamma-ray spectrometer has
been calibrated with respect to gamma-ray energy and efficiency
between the energies of 30 k.e.v. and 2.76 m.e.v. This calibration
makes it possible to solve many quantitative problems in analytical
radiochemistry simply, quickly, and often without any chemical
separation or chemical treatment of the sample. The gamma spec
trometer goes beyond radiochemical analysis in that a particular
radioisotope rather than just the element is identified. Several types
of problems to which this technique has been applied were described.
These include the checking of analytical methods for specificity,
monitoring of ORNL radioisotope products for gamma contaminants,
isotopic analysis, and identification of unknown activities in solid,
liquid, and air samples.

Causes for Abnormal Mass 30 Values in Nitrogen Isotope Analyses
with the Mass Spectrometer. ROBERT L. ORY, J. M. PRESCOTT, AND
CARL M. LYMAN, Texas Agricultural Experiment f:,;tation, College
Station, Tex.

While conducting biological' studies involving Nl. as a tracer, an
abnormally high mass 30 (Mao) peak was often encountered in the
mass spectrometer curves for samples oxidized by the Dumas method.
Of the two equations which may be used to compute atom per cent
excess Nl., erratic values were obtained with the equation involving
experimental values for Mao as well as M,. and M,. as compared to
the alternative equation which represents Mao in terms of M,. and
M,•.

It appeared that the source of the error might be traces of nitric
oxide escaping reduction by the' copper in the combustion tube.
Evidence in support of this hypothesis was obtained by shaking the
gas samples with alkaline potassium permanganate, which oxidizes
nitric oxide. This procedure completely removed the abnormally
high Mao peaks.

Composition of the Basic Ferric Formate Precipitate. Effect of
Final pH. C. T. KENNER, Southern Methodist University, Dallas,
Tex.

The composition of the basic ferric formate precipitate varies
with the final pH of the precipitation medium. X-ray diffraction
patterns prove the presence of FeOOH and chemical analyses indicate
a general formula of (FeOOH),(FeOClh.7(FeOCHO,),.o with:r varying
from 8.4 to 15.3 as the final pH is raised from 2.95 to 4.65. The pres
ence of a small amount of some crystalline material which is slightly
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soluble in benzene and which contains iron and chlorine is indicated
by transmission of light in the dark field of a polarizing microscope
and by qualitative tests upon benzene extracts of the precipitates.

Principles of Precision Colorimetry. Two New Methods.
CHARLES N. REILLY, University of North Caroline, Chapel Hill,
N.C.

This study was made to investigate the effect of the "dark-current"
knob on spectrophotometric precision with a view toward the de
velopment of improved high-precision methods. Utilization of the
knob for this purpose requires the use of a reference solution for
setting the instrument zero. In this way, apparent positive deviation
from Beer's law is achieved, with its attendant increase in precision.
An expression for the relative error is derived and the conditions
for its minimization were discussed under assumptions sufficiently
general both to include and extend previous techniques. Four meth
ods are distinguished, of which two are new. One of the new methods
gives the best precision obtainable, using two reference solutions
and other conditions selected to make this statement true. The
selection procedure was described. The other new method is appli
cable to trace analysis, and represents the best compromise possible
when solutions sufficiently concentrated to permit use of optimum
conditions are not available. Both methods promise substantial im
provement in precision over former methods at small extra cost in
time and effort.

Effects of Time and Temperature on the Reaction of HCHO with a
Modified Schiff's Reagent. RICHARD HATFIELD AND E. C. SMITH,
Southwest Research Institute, San Antonio, Tex.

The colorimetric test using Schiff's reagent as modified by Deniges
was studied over a range of conditions of 0 to 25 hours using tem
peratures of 20°,25°, and 30° C. at varying coneentrations of HCHO.
A color development time of 10 minutes at 25° C. was established as a
standard for routine analysis. Experiments with both basic fuchsin
and rosaniline hydrochloride showed that the form of the fuchsin dye
produced differences in color intensities, and Coleman and Bell's
rosaniline hydrochloride was selected as a standard. When the
dichromate ion was present in concentrations less than 100 p.p.m.
it was found that a change of wave length from the standard v":lue of
580 to a value of 650'miL would give results in which all values were
within 10% of the mean. Experimental work also showed that HCHO
derived acetals could be completely hydrolyzed when 1 ml. of sulfuric
acid was added to 5 ml. of the acetal solution and allowed to stand 15
minutes at approximately 65° C. The resulting HCHO could then be
determined by the modified Schiff's test. A qualitative test was
developed to determine whether an acetal is derived from HCHO or a
higher aldehyde by hydrolyzing the acetal solution and then pre
forming the modified Schiff's reagent to see if HCHO is present.

Colorimetric Determination of Small Amounts of Uranium in the
Presence of Bismuth. Pentaether Thiocyanate Method. LAVADA
MOUDY AND LOUIS SILVERMAN, North American Aviation, Inc., Dow
ney, Calif.

Bismuth, in microgram quantities, interferes in the colorimetric
determination of uranium by the better known reagents such as thio
cyanate and 8-quinolinol. The usual chemical procedures for the
preliminary separation of bismuth from uranium are ineffective,
as small portions of uranium accompany the bismuth. This has been
noted for cupferron. The .preliminary bismuth oxychloride separa
tion or the electrodeposition of bismuth leaves residuals of bismuth
(micrograms) which tend toward high uranium results.

It was shown that the residual. bismuth in the uranium solution
may be extracted with dithizone, and the uranium determined
photometrically as thiocyanate, in the 350 to 400 mJl range.

Determination of Low Hydrocyanic Acid in Acrylonitrile. ROBERT
L. MAUTE AND M. L. OWENS, JR., Monsanto Chemical Co., Texas
City, Tex.

The need for a precise but simple method for the determination of
free and combined hydrocyanic acid in the range of 0 to 100 p.p.m.
in acrylonitrile led to a study of four different methods. It has been
found that simple potentiometric procedures give sufficient precision
and accuracy for the determination of either free hydrocyanic acid
or total (free and combined) hydrocyanic acid on routine samples.
Where a higher precision is required, a simplification of, the phenol
phthalein colorimetric procedure has been found more satisfactory.
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The visual end point of the Liebig-Deniges titration method for
total cyanide is useful for concentrations down to about 20 p.p.m.,
but is not recommended for routine application when lower concentra
tions are to be encountered.

Determination of Free Gossypol in Mixed Feeds. R. W. STOR
HERR AND K. T. HOLLEY, Georgia Agricultural Experiment Station.
Experiment. Ga.

Common methods for the determination of free gossypol are in
applicable to mixed feeds because of various interfering substances.
A study of other reagents and solvent systems showed that phloro
glucinol is a satisfactory reagent and 2-butanone azeotrope a suitable
extracting solution. Gossypol-time extraction curves of raw, hy
draulic, screw-pressed, and solvent-extracted meals show a plateau
after an initial rapid extraction rate. The values at a point just past
the sharp break are in close agreement with those by the p-anisidine
method. These values are defined as free gOSSYpol.

The color developed at room temperature by phloroglucinol
gossypol in the presence of strong acid is estimated spectrophoto
metrically at 550 mJl. A small amount of aniline in the extracting
solution checks the reaction of gossypol with substances in other
components of the feedstuffs. Theoretical values are obtained for
meals mixed with alfalfa, minerals, ground corn, barley, oats, wheat,
and blackstrap molasses, either individually or in various formula
tions. As low as 0.004% free gossypol in mixed feeds is readily deter
mined.

Photometric Titrations in Nonaqueous Solvents. CHARLES N.
REILLEY AND BARBARA SCHWEIZER, University of North Carolina.
Chapel Hill, N. C.

Photometric titrations have proved valuable in circumventing dif
ficulties and inadequacies experienced with other end-point detec
tion techniques. For this reason a study of the application of the
photometric method in the general field of acid-base titrations in
nonaqueous media seemed desirable. Glacial acetic acid was em
ployed as the solvent and a glaeial acetic aeid solution of perchloric
acid was used to titrate several weak bases. The titration cell was
plaeed directly in the light path of a Beckman DU spectrophotometer
and the absorbancy at an experimentally determined wave length was
plotted against the corrected volume of the titrant. In this manner
bases such as o-chloroaniline, m-chloroaniline, and quinoline gave
distinct breaks at the equivalent point (agreeing well with potentio
metric end points) and were therefore successfully titrated. The
possibility of titrating substances was attempted for cases where
neither acid nor base forms show absorbancy in the ultraviolet region.
This waS accomplished by addition of an absorbing species of weaker
basicity. Successive end-point breaks indicate the volume equivalent
to the quantity of each component.

Spectrophotometric DeterminatIon of Copper after Solvent Ex
traction of the Copper-Pyridine-Thiocyanate. STEPHEN S. BAIRD,
University of Texas, Austin, Tex., AND DAVID W. SANSHUCK, Naval
Powder Factory.

In the determination of less than: 0.2% copper in aluminum, the
eleetrolytic method was found to give erratic results. The usual
colorimetric copper determination using sodium diethyl dithio
carbamate required a preliminary separation, thereby making the
determination time-consuming. A solvent extraction method was
sought, as it was felt that a simultaneous separation and determina
tion could be accomplished by choice of the proper reaction. The
method chosen for study is the reaction between copper, thiocyanate,
and pyridine to yield the insoluble compound Cu(C,H,N),(CNS)..

The dependence of various solution factors and foreign ions upon
the absorbance of the solution was shown, as well as the effect of
various solvents used to extract the colored compound.

Influence of Perrhenate Ion on Flame Photometric Determination
of Potassium. A. D. MELAVEN AND A. J. CHADWELL, University of
Tennessee, Knoxville, Tenn.

Rhenium in the form of the perrhenate ion, ReO.-, will cause low
results in the flame photometric determination of potassium using
both the direct intensity and the internal standards methods. A
Model 52-C Perkin-Elmer flame photometer was used in the work,
covering the range 0 to 100 p.p.m. of potassium and 0 to 5000 p.p.m.
of rhenium as perrhenate ion.
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The internal standard method is subject to less error than the direct
intensity method. In addition to the error due to perrhenate ion,
hydrogen ion also depresses the direct intensity readings but not
those by the internal standard method. In the use of either method,
the greatest relative error was found with the smaller potassium
concentrations. In the case of the internal standard method, an
almost linear relationship exists between instrument reading and
concentration of rhenium present for a given concentration of potas
siunl.

In both methods, a given ratio of rhenium to potassium by weight
causes a constant relative error over the concentration range used.
This relationship was first noticed in the case of pure potassium per
rhenate and was found to be true for other ratios.

Flame Photometric Determination of Calcium and Magnesium.
FLORENCE B. STROHMEYER, BYRON E. LEACH, AND ROBERT G.
HEATH, Tulane University, New Orleans, La.

The determination of calcium and magnesium by flame photometry
was undertaken in order to study the variations encountered in bio
logical specimens. The instrument used was a Beckman DU spec
trophotometer with flame attachment and a photomultiplier. A
number of conflicting substances are present in these materials and
must be taken into consideration. A series of studies was carried
out on the effects of sodium, potassium, and phosphate and the
mutual effect of calcium and magnesium on each other. The wave
length used for calcium was 554 mJL and 371 mJL for magnesium.

The literature reported that 40% isopropyl alcohol enhanced
calcium, so this was the first effect studied. It was also found that
the isopropyl was necessary for the magnesium determination.

As a result of all these effects a diluting fluid containing sodium,
potassium, and phosphate was used and made up to contain 40%
isopropyl alcohol. It was found that calcium has no appreciable ef
fect on magnesium but that magnesium has a depressing effect. on
calcium. To a series of solutions containing a known quantity of
calcium, varying quantities up to equivalent amounts of magnesium
were added. The most feasible concentration appears to be a close
approximation to that found in biological fluids.

Effects of Certain Alkali Compounds in the Burning of Powdered
Graphite Samples. E. L. GROVE AND J. A. NORRIS, Oak Ridge Na
tional Laboratory, Oak Ridge, Tenn.

Effects of fluoride, chloride, carbonate, and sulfate compounds of
lithium, sodium, and potassium were studied in the burning of
powdered graphite standards containing oxides of silicon, aluminum,
iron, and carbonates of barium and calcium. The procedure con
sisted of burning a I-mg. graphite-oxide standard mixed with 9 mg.
of various ratios of the compound and graphite powder. Center
drilled 'h.-inch diameter lower electrodes with very thin walls
were used and the samples burned to completion in a 5-ampere, 2400
volt a.c. arc. Moving plate studies of the various standard elements
in the mixtures gave information on the smoothness of burning, time
required, and completeness of burning.

Potassium and sodium fluoride gave cleaner and sharper burn-out
of the elements silicon, iron, and aluminum than did the same weight
of the other compounds. Fluorides of lithium, sodium, and potas
sium produced spectrograms with less background than the other
salts. Also, the lithium fluoride and sodium fluoride enhanced the
arc lines more and suppressed the spark lines more than the other
compounds.

Ratios of 1 part salt to 7 parts graphite did not produce effective
CN band suppression; however, a ratio of about 2 to 5 yielded good
results. Lithium fluoride appears to be the most effective. The use
of equivalent weights of lithium for the different salts did not produce
equal suppression effects.

Polarographic Determination of Vanadium and Molybdenum in the
Presence of Ethylenediaminetetraacetic Acid. ROBERT D. FELT
HAM AND ERNEST L. MARTIN, University of New Mexico, Albuquer-
que, N. M. .

The use of salts of ethylenediaminetetraacetic acid (Versene) as the
supporting electrolyte and complexing agent in the determination of
vanadium(V) and molybdenum(VI) was described. The half-wave
potentials of vanadium(V) Versenate and molybdenum have been
reported, but no suitable method for their determination in the same
solution has been found in the literature.

The concentration of the vanadium Versene complex is propor
tional to the diffusion current up to a concentration of 1.3 X 10-'
formal, when measured at -1.560 volt V8. the S.C.E., and a pH of
10.0. Results of the measurements of vanadium in the presence of
molybdenum and tungsten were given. Molybdenum gives a double
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wave in acid solution at a pH 2.8. The half-wave potentials are
-0.244 and -0.608 volt V8. the S.C.E. The heights of the waves
are proportional to the molybdenum concentration up to a concentra
tion of 1.1 X 10-' formal, when measured at -0.450 or -0.850
volt V8. the S.C.E.

Analyses of various test solutions containing vanadium, molyb
denum, and tungsten were reported.

High-Frequency Measurements as Applied to Titrimetry. H. W.
HAMME, E. L. GROVE, AND J. L. KASSNER, University of Alabama.
University, Ala.

The high-frequency conductance and susceptance were measured
for certain coil-type containers used in "high-frequency techniques"
over a range of frequencies. At a certain narrow frequency band, or
bands depending on the coil, there appears a sharp maximum, or
maxima, of conductance accompanied by a sudden drop, then rise of
the susceptance values. If pure water is added to the container
(which represents an increase in the over-all capacitance of the coil)
the conductance and capacitance maxima shift to a lower frequency.
If the distilled water is replaced with a dilute electrolyte the peak, or
peaks, is shifted to a still lower frequency. This narrow band repre
sents a region of high sensitivity and appears to be a function of the
type and size of the coil, the solvent and its concentration, and the
distributive capacity between the coil and its case. •

Different electrolytes caused the high-frequency conductance
maximum to shift different amounts. Thus, the shape of various
titration curves can be predicted, depending on whether the high~
frequency conductance drops or rises to the salt value and then rises
or drops as an increasing amount of the titrant is added.

Preliminary Studies of the Separation and Determination of Bis
muth, Antimony, and Tin by Controlled Cathode Electroanalysis.
JOHN A. DEAN AND S. A. REYNOLDS, University of Tennessee, Knox
ville, Tenn., and Oak Ridge National Laboratory, Oak Ridge, Tenn.

A preliminarY study has been made of the separation and deter
mination of bismuth, antimony, and tin by electrochemical means,
using controlled cathode potential. The effects of electrolyte com
position, cathode potential, and temperature were reported, with
respect to separations of the three metals and the degree of recovery
of each. The use of radioactive tracers in testing separations was de
scribed. Best results were obtained by use of an electrolyte con
taining sulfate and citrate with hydrazine as depolarizeI'. A pro
cedure was reported which will serve for approximate determinat,ion
of bismuth, antimony, and tin in alloys and other mixtures.

Peak Volume-Concentration Concept in Organic Acid Chromatog
raphy Using Progressively Changing Solvents. CHARLES MADER,
Oklahoma A. & M. College, Stillwater, Okla.

A general volume-concentration equation was derived and proved
experimentally. The peak volume-concentrations of the acids were
found to be described by characteristic equations. The use of the
interrelation of the peak volume-concentrations of the acids and the
factors influencing the choice of a system for separating a particular
group of acids was shown to have theoretical basis.

Chromatographic Fractionation of Wood Carbohydrates. ROBERT
Roy BRIDGES, Masonite Corp., Laurel, Miss.

The complex mixture of water-soluble carbohydrates, commercially
known as Masonoid, resulting from the hydrolytic degradation of
wood hemicelluloses in the production of fiber by the Masonite proc··
ess has been partially resolved into 20 individual simple sugars and
oligosaccharides by the application of a combination of the charcoal
column chromatography of Whistler and Durso and large sheet paper
chromatography. Ten of the compounds are known and have been
identified by paper chromatographic comparison of the original or
its hydrolysis products or by physical constants. The remaining ten
compounds are not definitely identified except with respect to their
size and the simple sugar units of which they are composed, both of
which are obtained from paper chromatographic evidence.

The simple sugars isolated are xylose, arabinose, glucose, galactose,
and mannose and the oligosaccharides are made up of units of these
sugars (except arabinose) arranged either in polymers of different
sugar units or the same sugar units ranging in size from two to six
units.

Oligosaccharides larger than six units are not readily separated by
charcoal column chromatography or resolved by paper chromatogra
phy. That portion of Masonoid that is unresolved is in this classifi
cation.
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Analysis by Alumina Adsorption of the Aromatics Boiling Above
400 0 F. in Jet Fuels. C. M. McKINNEY AND R. L. HOPKINS, U. S.
Bureau of Mines, Bartlesville, Okla.

To provide information regarding the composition of fuels in the
jet-engine fuel (JP-4) boiling range, partial analysis by alumina ad
sorption was attempted of the material boiling above 400 0 F. Fuels
from 11 crude oils from California, Illinois, Nebraska, Oklahoma, and
Texas were prepared and analyzed. The crude oils were selected to
provide fuels with considerable variation in composition.

The aromatic portion of each fuel was separated from the paraffin
naphthene portion using a conventional silica gel adsorption tech
nique. A high-dilution alumina adsorption technique using selec
tive desorption for separation of the aromatic portion into fractions
was described. Tables of density and refractive index data compiled
from various literature sources for compounds in the boiling range
studied were given for comparison with similar data determined on
each of the aromatic fractions from which adsorptograms were plotted
to illustrate the degree of separation obtained.

Smoke point determinat.ions were made on the original fuels, the
original fuels less the aromatics boiling above 4000 F., and the origi
nal fuels less the polycyclic aromatics boiling above 400 0 F.

Spectroisotopy. Applications of High Resolution Spectroscopy.
.J. RAND McNALLY, JR., Oak Ridge National Laboratory, Oak Ridge,
'Venn.

This paper covered recent applications of high resolution spectros
copy in the fields of isotope spectrum shifts and nuclear hyperfine
structure. The former give information concerning nuclear volume
effects in the heavy elements and also lend themselves to isotopic
assay applications. Nuclear hyperfine structures are used to inter
pret problems concerning the mechanical, electric, and magnetic
properties of the nucleus. Slides were shown on the use of high reso
lution concave grating spectrographs, echelle spectrographs, and
Fabry-Perot interferometers in conjunction with hollow cathode and
gaseous discharge sources, as well as the more common spectrochemi
cal type of light sources.

Mass Spectroscopy. B. W. THOMAS, Humble Oil & Refining Co.,
Baytown, Tex.

Notable recent advancements toward development of the mass
spectrometer into a widely used and highly respected laboratory
analytical tool were reviewed. New applications and improvements
in analysis techniques of mass spectrometry were described. Needs
for more rapid method of obtaining correlation spectra and achieving
per cent compositional results was discussed. Production model
process mass spectrometers were described briefly, and mention was
made of a few potential applications of these new version instruments
to flowing gaseous and liquid streams. Relative merits of lahoratory
versus process mass analysis instruments were set forth and opinions
were offered concerning indicated future trends in the field of mass
spectroscopy and rapid multicomponent analysis by instrumenta
tion.

Emission Spectroscopy. E. E. CREITZ, U. S. Bureau of Mines,
University, Ala.

A reVieW of several new applications of emission aualysis with
some emphasis on methods useful for inorganic, nonferrous samples.

Raman Spectroscopy. FORREST F. CLEVELAND, Illinois Institute
of Technology, Chicago, II!.

When molecules scatter monochromatic light, the Raman spectrum
so obtained is characteristic of the molecules and therefore may bc
used in qualitative and quantitative analysis of the sample. The
Raman spectrum, in conjunction with the infrared spectrum, also
may be used to determine the structure of the molecules. A reliable
determination of the depolarization factors of the Raman lines, and a
careful normal coordinate treatment, are of importance in the deter
mination of the fmidamental frequencies and their degeneracies.
Once these are known, the heat capacity, free energy, heat content,
and entropy can be calculated from the spectral data.

Nuclear Magnetic Resonance Spectroscopy. JAMES N. SHOOLERY,
Varian Associates, Palo Alto, Calif.

The fundamental principles of nuclear magnetic resonance spec
troscopy were developed, and typical instrumentation was described.
Two general techniques were discussed. First, a measure of the
total numbl'~ of nuclei of a given isotope can be obtained from studies
of broad lines, using rapid scanning and narrow-band coherent de
tection. The second technique, high resolution nuclear magnetic
resonance spectroscopy, is capable of separating very narrow signals
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from chemically nonequivalent protons or fluorine· nuclei in liquid
samples, using an extremely homogeneous polarizing magnetic field
and slow scanning. Typical results were displayed and discussed in
terms of present theories of molecular structure.

Applications of Ultraviolet Spectroscopy. NORMAN D. COGGE
SHALL, Gulf Research & Development Co., Pittsburgh, Pa.

Ultraviolet absorption generally occurs only in systems involving
chemical unsaturation called chromophores. An example of a chromo
phore is the benzene ring. Changes in structure involving substitu
tion on a chromophore through saturated bonds produce secondary
alterations of spectra. Thus the various alkyl benzenes possess spec
tra which are generically the same. The joining of two chromophores
in such a way that· each may influence the other will give rise to a
new type of absorption. Thus the substituted naphthalenes possess
fundamentally different spectra from the substituted benzenes.
These effects define the applications and limitations of ultraviolet
absorption to molecular structure determination and to analytical
applications. The secondary alterations of spectra will in some cases
allow analysis for individual members of a homologous series. On
the other hand, the basic similarities of spectra for members of a
class characterized by the same chromophore will at times allow
determination of total functional group type concentration. Par
ticular cases of the various applications were discussed .

Society of Public Analysts
K ORDINARY meeting of the Society of Public Analysts and

Other Analytical Chemists was held in London on October 7,
when the destruction of organic matter was discussed.

Preparation of Biological Material for the Determination of Trace
Metals. Method for the Destruction of Organic Matter in Biological
Material. G. MIDDLETON AND R. E. STUCKEY, The British Drug
Houses Ltd., Graham St., London N. 1.

The satisfactory destruction of biological tissues before the deter
mination of trace metals was often difficult, particularly when the
quantities of such metals were relatively small and large amounts of
organic material have to be taken. In such circumstances dry ashing
presents difficulties and methods of destruction with chlorine oxy
acids were unsatisfactory. Procedures involving sulfuric and nitric
acids often produced compounds resistant to oxidation, and a method
was developed in which nitric acid was the only reagent used in
quantity. On heating biological material such as liver with diluted
nitric acid it was dispersed in a short time with the evolution of a
comparatively small quantity of oxides of nitrogen. On further heat
ing this solution evaporated or boiled until, at a certain concentration.
it became sirupy and began to evolve a gas, at first colorless. later
brown; the mass then darkened and left a black "char." If this
residue was treated with a small amount of nitric acid, brown fumes
were evolved, and the mixture swelled into a froth and ultimately left
a hard black residue. Successive repetitions of this treatment with
further small quantities of nitric acid and heating on a hot plate at
3000 to 350 0 C. resulted in the production of a white residue that did
not char on heating. Variations of the procedure necessary for dif
ferent materials were discussed. Advantages claimed for the method
were that relatively small amounts of reagents were used and the tem
perature did not exceed 350 0 C. The application to the destruction
of a number of organic products was described.

Determination of Lead in Foodstuffs. H. C. LOCKWOOD, Cadbury
Brothers Ltd., Bournville, Birmingham 30.

The reagent diethylammonium diethyldithiocarbamate used by the
subcommittee of the Society of Public Analysts and Other Analytical
Chemists for the extraction of zinc [Analyst, 73, 304 (1948)] was
found quantitatively effective with lead at a pH of 7. O. This
meant that lead can be extracted from solutions prepared from the
ash of foodstuffs rich in phosphates at a pH at which phosphates were
not precipitated. This applied particularly when magnesium was also
naturally present, as with cocoa products. The lead complex was de
composed with acids and adjusted to a pH of 9. Finally, the.lead was
determined by extractive titration with a 0.0035% solution of dithi
zone in chloroform, I m!' being approximately equivalent to 0.5
p.p.m. of lead in a 10-gram sample.

The procedure offered greater accuracy than was attainable with the
usual sulfide technique or with the Spekker absorptiometer on dithi
zone solutions. Tests on several commodities to which 2 or some
times 3 p.p.m. of lead were added indicate 80 to 95% recovery.
Results for a number of foodstuffs were given..
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On October 23 the Physical Methods Group met in Southamp
ton to discuss paper electrophoresis.

Analysis of Inorganic Compounds by Electromigration and Electro
chromatography. F. H. POLLARD, Department of Physical and In
organic Chemistry, The University, Bristol.

The subject was introduced by reference to early experiments of
O. Lodge and J. Kendall, and the conditions affecting electromigra
tio~ and the types of cells used for inorganic separations were de
scnbed. Examples of separation achieved on paper and in agar jelly
were given. The effect of complex-forming agents and the use of
columns Were described.

The combination of electromigration with solvent flow chromatog
raphy was described. The types of cell used for discontinuous and
continuous separations, the principles involved in continuous and
discontinuous procedures, and examples of the separations attained
by suc~ processes were given. One-way, two-way, and three-way
separatIOns and the use of complex-forming reagents were described.

The methods have been applied to the separation of rare earths and
radioactive elements from other inorganic material. The use of ion
exchange resins in electromigration was also described.

Use of Paper Electrophoresis in the Study of Nucleic Acids. Roy
MARKHAM, Agricultural Research Council, Plant Virus Research
Unit, Molteno Institute, Cambridge.

The degradation products of nucleic acids produced by chemical or
enzymatic hydrolysis were extremely difficult to s~parate by chro
matographic methods. This was largely because they occur as families
of compounds having very similar structures and differing only in
their purine and pyrimidine composition. Fortunately, these bases
contained specific ionizing groups, and by taking advantage of their
differing pK values it was possible to effect the separation of the various
compounds by electrophoresis on·paper.

Although to some extent empirical, the method had the great
advantage that predictions as to the relative rates of movement of
various compounds could be made with some confidence, and conversely
the method could be used to detect the presence or absence of certain
groupings in the molecules by the use of very small amounts of ma
terial. This was analogous to electrometric titration, which required
many times the quantity of the substance.

Besides its purely analytical use, the paper electrophoresis method
could be used in the preparation of reasonably large amounts of pure
materials, and by the use of high voltage gradients, combined with
adequate cooling, such separations could be carried out in 1 to 3 hours.
The design of an inexpensive high-voltage paper electrophoresis
apparatus was described.

Paper-Strip Electrophoresis of Serum Proteins. A. L. LATNER,
pepartment of Pathology, Royal Victoria Infirmary, Newcastle-on
ryne 1.

The apparatus and technique for paper-strip electrophoresis were
briefly described. A brief account was given of the methods of stain
ing and scanning used by the author, including a simple visual
method of scanning. The procedure has proved quantitative and
evidence for this was given. The method cannot. be strictly compared
with the classical Tiselius procedure on serum. This also estimated
lipoid material in combination with proteins, which did not affect
the paper-strip method.

Results obtained with the sera of different animals were discussed
as interesting differences between species have been observed. Som~
applications of the technique to problems of human disease were
given.

At an ordinary meeting of the Soeiety held November 4 in
London, the following papers were read:

Absorptiometric Determination of Niobium in Some African
Low-Grade Minerals and Mineral Dressing Products. G. W. C.
Mrr~NER AND A. A. SMALES, Atomic Energy Research Establishment
Harwell, Dr. Didcot, Berks. '

A method was described for the determination of between 0.05 and
16% of niobium pentoxide in head samples and mineral dressing
fractions produced during treatment of Sukulu soils (mainly magne
tite, apatite, and quartz) and Nigerian granite (mainly quartz and
cryolite). After chemical attack on the sample, the niobium was
separated from the bulk of the other materials by precipitation with
tannic acid and cinchonine with silica as carrier, and was finally deter
mined absorptiometrically with potassium thiocyanate. The separa-
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tion steps need not be quantitative because radiometric correction
for losses was made by incorporating niobium-95 tracer in the proce
dure.

Absorptiometric Determination of Niobium in Some African Low
Grade Ores. A. E. O. MARZYS, Research Division, Uganda Develop
mcnt Corp., Ltd., P.O. Box 18, Entebbe, Uganda.

The absorption of light in a region near to the ultraviolet by the
reduced niobium-thiocyanate complex in an organic medium was made
a basis for the determination of niobium in low-grade ores and min
erals. The merits of a mixture of acid acetone and of ether extract as
a solvent were described. The method was adapted for use
with a Spekker absorptiometer provided with a mercury vapor lamp.
Four modifications of the main procedure were described for use in
the presence of certain interfering elements. Results for a variety
of African soils and minerals were compared with those obtained by
gravimetric methods. The precision of the method was as good as,
and probably better than, that of gravimetric methods when applied
to complex soils and rocks of low niobium content. The speed and
ease of manipulation were greatly increased. By suitable adjustment
of the amounts of material used, the method can be extended to all
niobium minerals. The ratio of niobium to tantalum in mixed oxides
can be rapidly found by determining niobium and titanium colori
metrically and calculating the tantalum content by difference.

Spectrographic Determination of Niobium and Tantalum in
Sukulu-Type Soils. C. S. CAMPBELL AND D. NICHOLAS, Fulmer Re
search Institute, Ltd., Stoke Poges, Bucks.

A solution method for the spectrographic determination of niobium
and tantalum in a low-grade ore was described. After an initial
hydrochloric acid extraction, the sample residue was taken up in hydro
fluoric acid. Molybdenum was added as internal standard and the
solution was fed into a condensed arc discharge from a porous cup elec
trode. The lines Nb 2698 A. and Mo 2688 A. give a.standard devia
tion of about 2%; tantalum is present in much smaller concentration
and is estimated visually by using the line Ta 2685 A.

Inorganic Chromatography on Cellulose. Shortened Method for
Determination of Niobium and Tantalum in Minerals and Ores. R.
A. MERCER AND R. A. WELLS, Chemical Research Laboratory, Ted
dington, Middlesex.

A chromatographic procedure for the extraction of the mixed oxides
of tantalum and niobium from minerals and ores was described. A
solution of the sample in hydrofluoric acid containing ammonium
fluoride was absorbed on cellulose and transferred to a 3-inch column
of cellulose. Complete extraction of the niobium and tantalum was
attained by passing 400 ml. of methyl ethyl ketone, containing 15%
v./v. of 40% hydrofluoric acid, through the column. The separation
was complete from all metals other than tungsteu. The two oxides, re
covered from this solvent, are subsequently separated by further
chromatography or estimated without separation by a suitable colori
metric procedure.

Colorimetric Estimation of Niobium and Tantalum with Pyrogallol.
E.· C. HUNT AND R. A. WELLS, Chemical Research Laboratory, Ted
diugton, Middlesex.

Colorimetric procedures for the estimation of niobium and tanta
lum in mixtures of the oxides of two metals were described. The
method was applied to the estimation of the two metals in mixtures ob
tained by their chromatographic extraction from minerals and ores.
The determinations were based upon the colored complex formed be
tween tantalum and pyrogallol in acid solution and between niobium.
and pyrogallol in alkaline solution. Both systems obey Beer's
law and, with 1-cm. cells, the optimum lirnitsof concentration wereO to
20 p.p.m. for niobium and 0 to 80 p.p.m. for tantalum. The effect of
variation in pH and the interference of a number of cations and anions
was recorded. .

Inorganic Chromatography on Cellulose. Rapid Method for De
termination of Niobium in Low-Grade Ores. E. C. HUNT AND R. A.
WELLS, Chemical Research Laboratory, Teddington, Middlesex.

A rapid and simple method was described for the determination of
niobiu~ in a hydrofluoric acid solution of an ore; it makes use of up
ward diffusion on a paper strip. The niobium was detected as a yellow
band by spraying the strip with tannic acid. An accurate estimation
of niobium can be made by direct visual comparison of the band with
standard strips. Alternatively, a simple densitometer which WaS
described, permitted a direct estimation to be made of th~ niobium on
the strip. The chromatographic separation took 20 minutes, and a
simple technique for running 10 separations simultaneously was de
scribed. An accuracy of 10% Was attained for ores containing 0.16 t'o
0.6% of niobium pentoxide.
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LSU Symposium on Analytical
Chemistry

THE seventh annual Louisiana State University Symposium
on Modern Methods of Analytical Chemistry will be held

February 1 to 4, 1954 at Baton Rouge, La. A group of inter
nationally recognized speakers have been secured to discuss their
fields of specialization and a broad selection of important topics
will be considered. The program will include discussions of both
instrumental and noninstrumental methods.

In addition to the formal program, time will be provided for
informal discussions. Representatives of scientific supply
houses will be present, and exhibits of instruments are planned.
Special time will be allotted for the discussion and demonstration
of new instruments, and tours will be scheduled through local
industrial plants and university laboratories.

The following program has been arranged:

Organic Reagents. CHARLES V. BANKS, Iowa State College,
Ames, Iowa.

Mass Spectroscopy. WILLARD H. BENNETT, Naval Research
Laboratories, Washington. D. C.

Extraction. LYMAN C. CRAIG, Rockefeller Institute for Medical
Research, New York, N. Y.

Applications of Newer Physical Methods to High Polymer Analy
sis. PETER DEBYE, Cornell University, Ithaca, N. Y.

Complex Compounds. HANS JONASSEN, Tulane University,
New Orleans, La.

Ion Exchange. ROBERT KUNIN, Rohm & Haas Co., Philadelphia,
Pa.

X-Ray. WILLIAM PARRISH, North American Phillips Co., Inc.,
New York, N. Y.

High Frequency and Coulometric Titrations. CHARLES N.
REILLEY, University of North Carolina, Chapel Hill, N. C.

Raman and Infrared Spectroscopy. E. J. ROSENBAUM, Sun Oil
Co., Marcus Hook, Pa.

Preregistration is requested where possible. The registration
fee is $10, including ticket for the mixer and banquet. The regis
tration fee for students is $2 (without banquet ticket).

The university has established facilities for use as a continua
tion education center and has reserved rooms on the campus.
The charge is $2 per day per person. Room reservations on the
campus can be made at the time of preregistration. Those de
siring to stay in the downtown area should write directly to the
Hotel Heidelberg.

All correspondence should be addressed to: Philip W. West,
Coates Chemical Laboratories, Louisiana State University, Baton
Rouge, La.

New York Meeting-in-Miniature
The New York Section of the AMERICAN CHEMICAL SOCIETY

has planned an all-day Meeting-in-Miniature on February 12 at
Hunter College, New York, N. Y. There will be separate ses
sions in the following divisions: analytical chemistry, biological
chemistry, organic chemistry, inorganic chemistry, physical
chemistry, high polymers, microchemistry, chemical engineering,
and chemical education.

Scientists from New York and contiguous areas are invited to
submit papers. Titles and abstracts of about 200 words should
be sent to Nathan 'Weiner, Chairman, Endo Products, Inc.,
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84-40101 St., Richmond Hill 18, N. Y. December 28 has been
set as the deadline for receipt of papers.

Symposium on Recent Advances
in Science

The First Annual Symposium on Recent Advances in Science,
Physics, and Applied Mathematics, will be sponsored by the
Division of General Education, New York University, during a
15-week course to be given Monday evenings from February 8
to May 24. Designed for technically qualified persons who wish
to appreciate contemporary scientific developments, the sym
posium will present a leading man of science each week, with
ample time for discussion. Information may be obtained from
Sidney G. Roth, Division of General Education, New York
University, 3 Washington Square North, New York, N. Y.

Corrections

Spectrographic Determination of Trace Elements in
Lubricating Oils

In the article on "Spectrographic Determination of Trace Ele
ments in LUbricating Oils" [ANAL. CHEM., 25, 151 (1953)] the
gravimetric factor was inadvertently used for converting chro
mium trioxide (CrO,) to chromium, rather than the factor for
chromic oxide (Cr20,). Thus the percentage of chromium in the
master mixture shown in the first table in column 2, page 152,
should be 7.14 rather than 5.43. R. F. MEEKER

Determination of Germanium
In the article on "Determination of Germanium" [ANAL.

CHEM., 23,1023 (1951)] on page 1024, line 6 in the paragraph on
"Effect of Hydrogen Peroxide" should read: "1 mg. of hydrogen
peroxide to 3 mg. of hematoxylin." HANNA NEWCOMBE

In the paper "Fractionation of Barium-Radium Mixtures as
Chromates by Precipitation from Homogeneous Solution"
[Salutsky, M. L., Stites, J. G., Jr., and Martin, A. W., ANAL.
CHEM., 25, 1680 (1953)], Figures 2 and 3 were interchanged.
The captions are correct as printed. The ordinate of Figure 2 is
Logarithmic Distribution Coefficient and the ordinate of Figure 3
is Limiting Distribution Coefficient.

In the article on "Titrimetric Determination of Thorium"
[Fritz, J. S., ANAL. CHEM., 25, 1640 (1953)], the name of the
author is James S. Fritz.

Fifth Annual Southeastern Symposium on Industrial Instru
mentation. University of Florida, Gainesville, Fla., Feb
ruary 1 to 3

Instrument Society of America. Ninth Annual Regional
Conference. Hotel Statler, New York, N. Y., February 4

Meeting-in-Miniature, New York Section, American Chemi
cal Society. Hunter College, New York, N. Y., February 12

American Chemical Society. 125th National Meeting,
Kansas City, Mo., March 24 to April I, 1954

Symposium on Instrumentation. University of Michigan, Ann
Arbor, Mich., May 24 to 27, 1953
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The rate of draw-up can be adjusted to operate satisfactorily
in one of three groups of aluminum concentrations in the alloys:
4% and over, between 4% and 1%, and 1% and below. Initially
the draw-up rate is adjusted using water; the proper draw-up
times for the three groups are approximately 0.5, 1, and 2 seconds.
Final valve adjustments are made when sampling metal, with the
object of obtaining solid samples about 7 em. long. The Magne
sium Alloy Plant has guns adjusted for use in each of the three
groups. If the rate of draw-up is appreciably less than optimum,
a short sample will be obtained which cannot be made into two
electrodes and sparked with convenience. Samples drawn ap
preciably faster than optimum are usually hollow or porous. The
degree of tolerance required in the draw-up rate for each group
was small enough to prevent successful application of a rubber
bulb for drawing the metal.

After service, some guns will begin to draw samples shorter than
standard, owing to partial plugging of the valves by dirt. To cor
rect these guns it is more convenient to adjust plunger travel to
correct sample length than to alter the sensitive valves. Periodi
cally guns are cleaned and reset with water as described.

It is believed that this type of gun can be used for sampling
alloys of other base metals.

Rapid Filtration and Drying Technique. Raymond H. Pierson,
Analytical Chemistry Branch, U. S. Naval Ordnance Test
Station, Inyokern, China Lake, Calif.

SOLUTIONS containing partially hydrolyzed cellulosic solids or
other gelatinous precipitates are frequently difficult to filter

through ordinary folded filter papers, Gooch crucibles, or sintered
glass. A simple apparatus for achieving rapid filtration of such
solutions and quantitative washing has been widely used but is
often overlooked. Most of these "difficult" solutions will filter
easily through a paper thimble supported in a filter tube similar to
Corning Glass Works item 9480. Moderate suction may be ap
plied if the paper thimble is cushioned with a plug of glass wool.

The filtration step is sometimes to be followed by extraction in
a Soxhlet with a solvent different from the one employed during
filtration. This means evaporation of all the first-used solvent
from the paper. Complete removal of water or organic solvents
may require 4 hours or even longer by the procedure of drawing air
through the assembly at room temperature or by oven drying.
Especially in the case of thimbles which contain large cellulosic
precipitates, removal of water or even low boiling solvents such
as methylene chloride is very tedious. Thorough drying may be
accomplished in half an hour merely by placing the tube on its
side in an oven and drawing heated oven air through it by means of
a rubber suction line run into the oven through a small hole and
attached to the small end of the filter tube.

The determination of the oil content of water samples by one of
the commonly used procedures may be considered a typical ap
plication of the technique described. In essence the method
depends on collecting the oil on precipitated ferric hydroxide,
filtering, drying, and extracting with ethyl ether. The oil col
lected in this way from boiling solution is not low-boiling-point
material and may be dried by the oven-suction procedure

PUBLISHED with the permission of F. W. Brown, Technical Director, U. S.
Naval Ordnance Test Station.
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Sampling Gun for Spectrographic Pin Samples. H. H. Gross
man, C. B. Pratt, and W. S. Myers!, Spectroscopy Lab
oratory, The Dow Chemical Co., Midland, Mich.

A SAMPLING gun for drawing molten magnesium alloys
into borosilicate glass tubing for spectrographic pin samples

has been in use at the Magnesium Alloy Plant, Dow Chemical
Co., since June 1946. A cross section of a cocked gun is shown in
the diagram.

In operation, a piece of tubing between 5.0 and 5.4 mm. in in
side diameter and 20 em. long is placed in the end of the gun and
secured by compressing the rubber bushing, B, around it by the
thumb nut, A. The sample is drawn into the tubing by dipping
it approximately 0.5 inch into molten metal from which the flux
has been temporarily cleared, and triggering the gun. The trigger
releases the spring-loaded rod, which causes motion of the
leather-cup piston, E, thereby creating the partial vacuum for
sampling.

Initial gun adjustments are made by adjusting length of piston
travel by screw F, so that water is drawn into a sampling tube to
a height of 7 ± 0.5 em. Further adjustments are made by adjust
ing screw D, which controls rate of draw-up by determining the
amount of clearance around the taper pin, C. During draw-up,
air flows from the sampling tube to the cylinder through a small
opening formed by this clearance. For a satisfactory sample, the
rate of draw-up depends upon the aluminum concentration in the
magnesium alloy as well as upon other factors such as tempera
ture of the molten metal.

1 Present address, City Mortgage Co., Riverside, Calif.
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Glass Atomizer for Use in Chromatography. W. J. ,"Yingo, Bio
chemistry Department, The University of Texas, M. D. Ander
son Hospital for Cancer Research, Houston, Tex.

A NONMETALLIC atomizer is often needed in paper chromato
graphic analysis-for example, the method of Berry (1) re

quires that the chromatogram be sprayed with sodium hypo
chlorite, and several other methods require the spraying of cor
rosive agents. Commercially available glass atomizers are
rather expensive, and a previously published design (2) for an
atomizer to be constructed in the laboratory requires a ground
glass joint.

About a year ago, a glass atomizer was built in this laboratory
to use in detection of urea on paper chromatograms by the method
of Berry (1); it performed so well that the author made several of
them, and has since that time used them in all his chromato
graphic spraying. It is easy to make (a fair amateur glass blower
can make one in about half an hour, including the time required
for cooling at several intermediate stages and the time for final
annealing); it delivers a good volume of a spray having a small
droplet size, and requires only a few pounds per square inch of air
pressure for operation. (An atomizer typical of this design will
begin to spray when supplied by air at 7 pounds per square inch;
it works very well at 10 pounds per square inch, spraying at this
pressure about 5 ml. per minute.)
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'When water is flowing through the apparatus, the bellows ex
pands as a result of the flow restriction offered by the smaller
outlet tube. The height of the microswitch is adjusted so that
the switch is depressed to the on position when the desired rate of
coolant flow is obtained. A decrease in the rate of flow callses
the bellows to contract toward its normal position and results in
the interruption of the heating circuit. The microswitch height
can be adjusted to give cut-off at any desired flow or at complete
cessation of flow.

A

B

several occasions. Without a safety switch to shut off the heat
ing current to the pump, there existed the danger of distilling out
large quant~ties of mercury. 'With water-cooled, oil diffusion
pumps, there is the additional danger of pyrolysis of the oil. A
switch of this type would also be 'Useful on distillation or reflux
apparatus.

The control element consists of a double-ply brass bellows, A
(supplied by The Robertshaw Fulton Co., Fulton Sylphon Divi
sion, Knoxville, Tenn.) having twelve corrugations, outside
diameter of 1.5 inches, and an over-all length of 2 inches, in each
end of which has been soldered a circular brass plate, B, lite inch
thick. The top plate has a counterbored hole 1/. inch in diameter
drilled through its center, into which a 2-inch length of copper
tubing 3/s inch in outside diameter has I?een soldered. In like
manner, the bottom plate has a l/s-inch hole at its center and a
copper tube 1/. inch in outside diameter leading from it. The
upper tube is clamped to a rigid support. A Type W, lever arm
microswitch, C, with contacts rated at 15 amperes at 125 volts,
is clamped to a vertical rod and mounted so that the end qf the
lever arm is below the bottom plate of the bellows. The switch
is connected in series with the heater to be controlled, D, and the
voltage source, E. A rubber tubing connection is made between
the cooling water outlet from the apparatus and the 3/s-inch tube
at the top of the bellows. The l/.-inch tube at the bottom of the
bellows is led to a drain.

8

E

Figure 1
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A side arm for the air hose, E, of 7-mm. tubing, is now attached,
and a hole about 5 mm. in diameter is blown in the bulb, F. The
liquid feed tube, a, is prepared as shown from capillary tubing
2 mm. in inside diameter and sealed to F as shown. Finally, a
control hole, H, 5 mm. or larger in diameter, is blown in the top
of the bulge, and the outer tube is cut off and ground down to
be flush with the end of the inner tube. Inner and outer tubes of
the atomizer jet are now made concentric by warming in a flame
and adjusting as needed, and the assembly is annealed. If the
clearance between inner and outer tubes is found to be too large,
it can be reduced by careful fire-polishing.

The construction of the atomizer is shown in Figure 1.

A bulb, A, is blown on the end of a piece of 3-mm. borosilicate
glass tubing. The tubing is cut about 1.5 inches below the bulb
and the.cut end is lightly fire-polished. The bulb is sealed into l~
piece of 9-mm. tubing, B, and a bulge, C, is blown in the larger
tubing just below the ring seal. While the seal is still plastic, the
tubing is manipulated so that the inner and outer tubes are con
centric; the assembly is allowed to cool and the outer tube is
constricted, D, leaving a clearance of about 1 mm. between the
inner and outer tubes.

The atomizer is usually used by fixing the fluid feed tube in a
two-hole rubber stopper, so that the fluid feed reaches nearly to
the bottom of a 250-ml. Erlenmeyer flask; if desired, the liquid
feed can, be ring-sealed through a ground-glass cap for a flask or
bottle to give an all-glass system.

LITERATURE CITED

(1) Berry, H. K.,. "Quantitative Estimation of Urea by Paper
Chromatographic Methods with Application to Human Urine,"
Univ. Texas Pub. 5109 (1951).

(2) Morris, R. T., ANAL. CHEM., 24, 1528(1952).

Safety Switch for Water-Cooled Systems. Walter Roth, Walker
Laboratory, Rensselaer Polytechnic Institute, Troy, N. Y.

ASIMPLE safety switch has been designed for use with anv
electrically he~ted apparatus whic:h requires circulation ~f

cooling water. It is being used successfully in this laboratory
as a safety control on a water-cooled, mercury diffusion pump
which operates unattended through the night. For some un
known reason, water pressure has fallen oft during the night on

The use of a similar type of instrument in conjunction with a
pressure-protective circuit for vacuum systems has been de
scribed [Amdur, I., Rev. Sci. Instr., 18,66 (1947)].

Vapor Pressure Ebulliometer for Milliliter Samples. Sam R.
Hoover, Harry John, and Edward F. Mellon, Eastern Re
gional Research Laboratory, Philadelphia 18, Pa.

I N STUDIES of the separation of amino acids by distillation of the
N-acetyl amino. acid esters, the determination of the boiling

point-vapor pressure relationship of a number of samples was re
quired. Measurements on small samples «2 ml.) at tempera
tures of 75 0 to 250 0 C. and 1Jressures of 2 to 100 mm. were the es
sential conditions which had to be met. A survey of the litera
ture revealed no technique that fulfilled these requirements.
After numerous unsuccessful attempts to employ the micro-
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Figurel. Semimiero
ebulliollleter
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The authors are indebted to W. S. Port of this laboratory for
supplying the sample of capric acid, and to M. C. Audsley for the
photograph of the apparatus.

This ebulliometer has a.lso been used to determine the vapor
pressure-temperature curves of nine acetylated amino acid es
t"r ; 70% of the experimental values are within 3% of the values
('.nlculated from the equation for the least squares line through the
data in the range of 2 to 100 mm. These data will be described
in detail at a later date.

This ebulliometer, therefore, is a simple and precise apparatuS'
for the determination of the vapor pressures of milliliter quantities
of materials by the boiling point method at all pressures from at
mospheric down,,·ard.

o Authors' data
• Data oC Pool and Ralston
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.Figure 2. Vapo,· Pressure of Capric Acid

capric acid with the data obtained 011 larger samples by Pool and
Ralston (2). A log P versus liT plot of the results is shown in
Figure 2. The line was obtained as the least square straight line,
using all the points obtained by use of the new ebulliometer. Its
equation is log P = 10.3002 - 3937IT; 95% of the observed
pressures fell within 4% of the pressure values given by the curve.
The corresponding equation calculated from the data of Pool and
Ralston is log P = 10.3719 - 39701T; 95% of their observed
pressures fell within 9% of the pressure values given by the least
square line for their data. Both sets of data are in excellent
agreement. The slight difference in slopes and the better preci
sion of the new data are probably due to the larger number of data
obtained in this study a.nd t.o the better control of pressure by
modern pressure regulators.
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APPARATUS AND METHOD

method of Garcia (1), the apparatus shown in Figure 1 was dc
veloped. It is a simple adaptation of the Cottrell principle.
The larger and more elaborate apparatus described by Willing
ham et al. (6) undoubtedly can be used to produce results of great
accuracy in the characterization of organic compounds available
in quantity. Willard and Crabtree have described a Cottrell
type apparatus which more closely approaches the present design
than others, but its use at reduced pressures was not reported (5).
Ebulliometric measurements and vapor-pressure tensimeter
stills have been reviewed recently (.4).

The boiling pot and column are of 15-mm. borosilicate glass
tubing. The reflux bell is about 35 mm. in diameter. The reflux
return tube is 4 mm. in diameter. The side arm, of 10-mm. tub
ing: has a slight downward slope for about 25 mm., then slopes up
ward for 50 mm., and has a 25-mm. horizontal portion (0111, of the
ph tograph) on the end. The 10/30 standard-taper borosilicate
glass joint takes a commercial 125-mm. immersion thermometer.
The only critical dimension is that which places the thermometer
bulb just below the lip of the boiling pot. A 10- to 15-mm. length
of 0.5-mm. tungsten wire is sealed through the bottom of t,he pot.
The completed apparatus should be thol'Oughly annealed.

Apparatus is supported
by a clamp around the
rubber tubing of the vac
uum line on the side arm.
The lower portion of the
side arm serves as a reeeiver
and the upward sloping
portion serves as a con
denser. A stream of water
is run onto a cloth which i~

placed over the upward
sloping portion of the arm
and is drained off through
a funnel plaeed underneath.
The tungsten wire projects
through a sheet of asbestos
paper which is supported
immediately below the ap
paratus. This \\'ire is
heated by a microburner,
and serves as a point source
of heat which minimizes
bumping. A partial shield
of asbestos around the ap
paratus may be required at
temperatures of 200 0 C. and
above, especially if the ap
paratus is operated in an
air-eonditioned or drafty
room.

The sample is added to
the pot to a dept.h of about
10 mm. It should not
t?~eh the thermometer bulb cvcn after expansion on heat.ing.
Silicone stopcock greasc on the thermometer joint is used to
lesse~ the possibility of contaminating the sample. The sys
te~ IS pumped down to the required vacuum, which is main
tamed .by a manostat. The manostat described by Ratchford
and Fern (3) was used successfully to control the pressure which
was measured by a Zimmerli gage (7) to 0.1 mm. A serie~ of de
terminations at increasing pressures is made. A 10- to 15-minute
period in which the reflux is maintained about half-way up the
tube between the bell and side arm is sufficient to establish stable
pressure and temperature readings. If the purity of the sample
IS questionable, about 20% of it is distilled into the side arm and
the measurements are repeated.

The thermometer is easily calibrated by determining th(' boil
ing points of pure compollnds which arc accepted standards for
thermometer calibration. This calibration can be made at at
mospheric pressure. The tempcratures, reported hpn', \\'ere
rrad to 0.1 0

•

RESULTS

The ability of this cbulliomcter to function as desired was
checked by comparing thc boiling point curve of a sample of pure
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Constant-Pressure Device for Gas Flow System. Alban Charn
ley and Geoffrey L. Is\es1, Chemistry Department, Mallchester
University, Manchester, Englttnd.

WHE:'oI gas is flowing through a systcm to a region of lower
pressure, as in 3. condensation process, the higher pressure

must often be maintained at a constant, value.
Constant-pressure device-s such as rubber mcmbranes (1) 01'

buoyancy manometers (2) depend not only on the backing pres
sure but also on the rate of gas flow. A solenoid-conU'olled
plunger has been used by Clow and Sh:mcl (1), but the actual
eutofr was made of glass which would clcarly not stand up to fast
vibrations for long periods.
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thermostating is essential if reproducibility is required over long
periods.

The plunger is 10 cm. long witl~ a diameter of 1 cm. and a taper
of 45 o. The solenoids are controlled by a telephone relay and
sparking is reduced by 2 /olf. condensers. Since the controlling
solenoids are identical, solenoid So helps to pull the plunger back
with an acceleration of at least 2g and so reduces the time lag
as well as giving a better cutoff. Both solenoids have 10,000
turns, a resistance of 300 ohms, and internal diameters of 2.5 cm.

When Po equals 100 mm. of mercury and air is flowing through
at, the rate of 4 liters per minute at pressure P" the amplitude of
the plunger vibration is about 1 mm. This gives 100 to 150 vibra
tions per minute, accQrding to the fineness of the adjustment.
The pressure variation measured in a mercury U-tube is a barely
peHJeptible movement of t,he meniscus. The plunger always
seats itself properly, as the elearance in the tube is only about J
mm. The ma:-.imum gas flow used is 5 liters per minute.
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Simple Multiunit Magnetic Stirrer. L. A. Wollermann and
R. G. Tischer, Io\\'a Statt- College. Ame~, lo\\'a.

H AVIKG an immediate need for an adtlitional magnetic stirrcl',
the authors assembled the apparatus from items commonly

available in a chemical laboratory.

.'\. small st,irring motor, preferably one \\'ith a variable-speed
drive, serve,s ,as the SOUI'M of power ahd :'1 Rmall hal' ma~netwired
acro~s a pulley activates the ~tilTingbar.

The shaft for the pulley is a short iron rod on which the pulley
may turn freely. This rod is inserted in a rubber st.opper and the
stopper is mount.ed in a bun't clamp "it.h a sleeve or a number of
washe.rs between the stopper and the pulley to allow free rotation
of the pulley.

The motor shaft ma~' be grooved or, if not" a pulley may be
moullted on it. A helt of rubber bands or hcav\" cord will be
suffieient to turn the assembly, and the low speed:'1twhich mag
Ileti(' s'tirring is commonl~' done ohviates the need for bearings.

RING STAND-------!

As only the pulley assembly need be mount;ed under t.he ma
terial to be stirred, a considerable saving of 'space is affected;
moroovor, the material is not subjected to the heat that would
arise from the motor directly under the container, A number of
such assemblies may be operated from one motor, thus enabling
one source of power to serve in the handling of several samples
simultaneously.

Insf,ead of this the authors used a cone-tipped 'iron plunger and
:, seating m:\,de from a soft pencil emser having a hole made hy
a standard (No.2) eork borel', At the bcginning of :m expel'i
nlent the rel:1y is in position Y (Figure 1), and the bottom sole
noid)s then netuated. As soon as t,ap T. is opened, gas is allowed
to flow into the 250-1\1\. bulb, E, until the desired working pressure
is reached. T. is then closed, \,"hen .an.\' furtlu'r pressure in
crease occurs in the system, the rising mercury in thl! sl!nsitive
manometer, .If, makes eontad and completes the cinmit, caus
ing t,he solenoid, SA, to lift the plunger. \-\fhen the pressme
falls ,sufficiently, contact is brok(·n and the bot·tom sol('noid, So,
pulls the plunger back.

An ordinary barometer control (1) is suhj(>('( to violent oscilla
tions even under stead} flow conditions. In the controlling
manometer the oscillations are dampe.cl by partially closing tap
7" and the control is further improved by having the capillary
(2 mm. in internal diameter) 111. a small angle to the horizontaL
The sensitivity of such a device is clearly dependent upon the flow
rate, backing prel>sure, and size of the hole in the cutoff. The
effective sl;le of the hole can be altered b~r varying the height of
the plunger oscillation with a mbber-tipped bmss bar, \\'hi('h can
be externally adjusted using flexible copper bello\\-~.

The rubber seating and the copper bellows unit, are bot.h held
in position by vacuum wax. A 5-liter ballast bulb, D, is used
with the higher flow rates and the manometer unit is well lagged;

VARIABLE SPEED
LABORATORY
STIRRER

fLASK

STIRRING
BAR

...

l~~~~::;~~;:::==BAR MAGNETPULLEY
o====~~----SLEEVE

RUBBER
STOPPER
'RON ROO

1 Ptesent addre.S8, Gas Research DepartJnent, Fuel Depart.ment, Leeds
University. Leeds, England.
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antimony separation from, by solvent extraction. C. E. White and
H. J. Rose .

electronic microanalysis of. Raymond Castaing and Andre Guinier.
magnesium and lithium, hydrogen determination in, by tin-fusion

and sealed steel capsule methods. M. W. Mallett et al .. ...
See also Aluminum alloys, copper alloys, etc.

Alumina, determination in sodium aluminate solutions. H. L. \Vatts
and D. W. Utley.... . .

ALUMINU::\f
alloys, wrought, hydrogen determination in. C. B. Griffiths and

M. W. Mallett .
alloys, zinc determination in, by electrogravimetric method. Kurt

Theuer and T. R. Sweet , .
alloys, zirconium determination in. R. A. Papucci et al .
in Atlantic and Gulf of IVlexico surface waters. L. H. Simons et a1 .
determination in chromium ores. W. H. Hartford .
determination in cobalt oxide. J. H. McClure and R. E.

Kitson _.. " . . . . .. . . .. . . .. . . . ., .
determination by fluorescence. Edward Goon et a1. (corr. 1216).
determination in silicates, semimicro method. R. B. Corey and

M. L ..Tackson .
determination in thorium, by spectrophotometry. D. W. Mar-

gerum et ol.. . .
determination in titanium alloys. Maurice Codell and George

Norwitz... . . . . .. . .
determination in zirconium, by ion exchange separation. Harry

Freund and F. J. Miner .....
spectrum of, with 8-quinolinol. D. W. Margerum et al ..

Aluminum brornide, titration of, in thionyl chloride. E. B. Garber
et al......... . .

Aluminum chloride, titration of,' in thionyl chloride. E. B. Garber
et al......... .. . ..

Aluminunl triisopropoxide, spectra of. J. V. Bell et al ...
Ai\:UNES

N-alkylaryl-, oxidation of, and identification of compounds formed.
F. W. Neumann and C. W. Gould .

-cadmium halide complex estimation by titration in nonaqueous
solvents. Leo Levi and C. G. Farmilo .

determination of, by differential titration, in nonaqueous solvents.
J. S. Fritz...... . ., ...

determination of primary fatty amines in mixtures of. J. E. Jack-
son............... .

identification of, by x-ray diffraction patterns of their chloro-·
platinates. C. W. Gould and S. T. Gross..... . ....

primary, in determination of aldehydes. Sidney Siggia and Eileen
Segal. . . . . . . . . . . . . .. ..... . . . . . . . . . . . . .

primary and secondary, determination with 1 fluoro-2,4-dinitro ...
benzene. F. C. McIntire et 01..
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tertiary, titration of, in nonaqueous solvents. J. S. Fritz and M. O.
Fulda...... . . . . . . .. .. .. .. .. .. .. 1837

a-Amino acid anhydrides, N-carboxy-, titration in nonaqueous 801-
'Ie",',•. ~",,"" "B", ", et at. , , , , , , , , , , , . , . . . .. 1554

AMINO ACIDS

analysis of, by paper chromatography. R. C. Salander et al.. .. ... . . 1252
chromatography of, two-dimensional. A. L. Levy and David

Chung " 396
separation from purines, pyrimidines, and other nitrogenous com-

pounds by ion exchange chromatography. J. S. Wall........... 950
AMMONIA

cupric, sodium cyanide reaction on. R. K. lVlcAlpine , . . . 331
determination in hydrazine. J. E. DeVries and E. St. C. Gantz..... 973
determination in small quantities, by colorimetry. J. M. Kruse and

M. G. Mellon.. . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1188
reactions with mercury(I) compounds. W. N. Lipscomb. . . . . . . . . 737

Ammonium iodide, trimethylphenyl-, as quantitative precipitant for 1121:;
bismuth. T. S. Burkhalter and J. F. Solarek... . . . . . . v

ANALYSIS

of alloys, electronic microanalyzer in. Raymond Castaing and
Andre Guinier. . . . . . . . . . . . . . . . .. 724

application of volume characteristics of sulfonated polystyrene
resins as a tool in analytical chemistry. Calvin Calmon. . .. . . . . . 490

complex formation as basis for. Z. G. Szab6 and M. T. Beck.. 103
coulogravimetric. W. M. Mac Nevin et al... .. .. . 274
evaporated films in. J. E. Tyler and S. A, Ehrhardt. . . . 390
of flowing solutions by refractometry. Harry Svensson. . . . . . . 913
by fluorescent x-ray spectrosc:opy (rev.). L. S. Birks et al.. . . . . . . 692
fusion. D. E. Laskowski et "I.. . . . . . . . . . . . . . . . . . . .. . 1400
inorganic thermogravimetric: (c:ol.). R. H. MUller 21A(No. 2)
laboratory precision and specification limits in. E. C. Yehle. . . . . .. }~4807
of less familiar elements, symposium on. . . . . . . . . . . . . . . . . . . . . . . . v

of materials in fractional milligram range by infrared spectro-
photometry. D. H. Anderson and N. B. Woodall.......... . .. 1906

methods based on x-ray absorption (rev.). H. A. Liebhafsky. . . . . 689
micro-, calculator for selection sample weight in. R. C. Thomp-

son.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535
micro-, circular slide rule for. R. E. Schachatand W. L. Savell..... 1779
micro-, equipment for Kjeldahl. E. H. Sheers and M. S. Cole

(corr., 1775)................................. .. .. .. 535
micro-, measurement of carbon-14-labeled material. J. H. Peters

and H. R. Gutmann... . . . . . . . . . . . .. .. .. .. . . . . . . . . .. .... 987
micro-. quantitative organic, review of methods and equipment. 74

Wolfgang Kirsten..... . .
micro-, vapor pressure ebulliometer for. S. R. Hoover et al.. . . . . . .. 1940
of minerals, rocks, and ores, by spectrography. C. L. Waring and

C, S. Annell.... . . . . . . . . . . . . . . . . . .. .... .. . . . . . . .... .... .. 1174
of powder mixtures with the Geiger-counter spectrometer. H. P.

Klug........ 704
of powders by x-ray diffraction-absorption technique. Jean Leroux

et al......... 740
precision colorimetric. Anders Ringbolll and Kurt Osterholm..... 1798
semimicro, in trace element determinations in petroleum. G. V.

Dyroff et "I.. . . . . . . . . . . . . . . . . . . . . . . . . . . 1898
surface, with the x-ray photoelectron spectrometer. R. G. Stein-

hardt, Jr. and E. J. Serfass .... , .. .. .. .. 697
symposium on x-rays as tool for. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 688
tetraphenylphosphonium and tetraphenylstibonium chlorides as

reagents. H. H. Willard and L. R. Perkins. . . . . . . . . . . . . . . . . . .. 1634
of trace elements in petroleum, comparison of methods. G. V.

Dyroff et "I.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1898
vacuum fusion method and apparatus. W. S. Horton and Joseph

Brady... .. .. .. . 1891
See also Radioactivation analysis.

Analytical chemistry. See Chemistry, analytical.
Aniline, 2,3,4,6-tetranitro-, crystallographic data for. W. C. Mc-

Crone......... .. 1774
Anion exchange. See Ion exchange.
Anthracene, identification in petroleum fractions. Robert Schnur-

mann et "I·.. . . . . . . . . . . . . . . . . . . . . . . . . . . 1010
ANTHRAQUINONE

determination, by polarography. R. L. Edsberg et "l..... . . . . 798
determination by spectrophotometry. K. B. Whetsel.. . . . . . . . . . .. 1334

Anthrone, dextran determination with. T. A. Scott, Jr. and E. H.
Melvin " 1656

Antibiotics, erythromycin determination in. J. H. Ford et a1.. . .. . . 1195
ANTIMONY

determination in germanium and germanium dioxide. O. L. Luke 1'88
and M. E. Campbell. . . . . . . . . . . . . . . . . . . . . . . . . . . . . u

determination as iodoantimonous acid, by ultraviolet spectro
photometry. Anita Elkind et al... . . . . . . . . . . . . . . . . . . . . . . . . . .. 1744

determination in lead by rhodamine B method. C. L. Luke. .. . .. . . 674

se~~j:iRo:~~~.~~~~~~'.~~ solvent extraction. C~ .~'..~~i~~ .~~d 351
ApPARATUS

modified Giang-Hall. R. D. O'Brien... 842
safety switcb for water-cooled systems. Walter Roth'.. . . . . . . .. 1940
See also individually listed apparatus.

AROMATICS
09 and C10, determination in hydrocarbons by ultraviolet spectro-

photometry. M. S. Norris and N. D. Coggeshall.. . . . . . . . . . . . . . 183
determination in petroleunl fractions. C. C. Martin and Albert

Sankin........ .. .. .. .. .. .. . . . .. .. .. .. .. .. .. . 206

in ~~~~g~~~t~~ PL~rT~eEbY~~~~t.i~~~,..c~.a:r~~~~~i~~~i~~.~~'..~~ .c.~r~~ 1057
identification by microscopic fusion analysis, with 2,4,7-trinitro-

fluoorenne. D. E. Laskowski et al 1400
infrared deteriminaton of. Josepb Bomstein 1770
polynuclear, identification of, in high boiling petroleum fractions,

by spec:tropbotometry. Robert Schnurmann et "I.. . . . . . . . . . . . . 1010
ARSENIC

detennination in germanium, germanium dioxide, and silicon metal.
C. L. Luke and M. E. Campbell... . . .. . . .. .. .. 1588

determination as molybdov1\nadoarsenic acid, by spectrophotome-
try. D. K. Gullstrom and M. G. Mellon. . . . . 1809

determination in soils. Hy Almond. . . . . . . . .. 1766
Ascorbic acid, determination, by colorimetry. Morton Schmall

et "I............. .. .. .. .. .. .. . . .. .. .. 1486
Asphalt. See Petroleum,
Atomic weights, x-ray techniques for determination of. M. E.

Straumanis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 700
Atomizer, glass, for chromatography. W. J. Wingo... .. 1939

B

BARIUM

determination in alkali earth carbonates, by flame pbotometry.

de?e'r;:in~fi~~vf~~o~ai~'~~id~:· J.' H. McClur~'~~d'R·. 'E: Kit~~~·.:
-radium mixtures, radium separation from, as chromate. M. L.

Salutsky et "I. (corr., 1938). . .

B~~~~~ci~~:ti~~ with ferric, nitrite, and chloride ions. C. A. Streuli
d~....... . .

precipitation of. R. B. Fischer and T. B. Rhineham~er .
Barium thiosulfate monohydrate as standard for thlOsulfate IO-

dometry. W. N. MacNevin and O. H. Kriege .
BASES

organic, high frequency titration of, in nonaqueous solutions.
W. F. Wagner et al .

weak, titration of, in nonaqueous solvents. J. S. Fritz and M. O.
Fulda .

Bath, constant temperature water. E. P. !Iall a!1d W. L. Nelson .
Bauxite, analysis of samples of, by x-ray dIffractiOn. R. H. Black..
Beckman award for instrumentation in analytical chemistry (ed.) ...
Beer, copper determination in, nonashing technique for. Irwin Stone
d~ .

Beer's law. See Laws.
Beets. See Sugar beets.
Benedict's reagent, comparison with copper ethylenediaminetetra-

acetic acid. Harry Wagreich and Benj~minHarrow .
Benzamide, a-hydroxy-. See Salicylamide.
Benzanthrone, determination by spectrophotometry. K. B. Whetsel.
BENZENE

determination, simultaneous, with cyclohexane and methylcyclo
pentane, in naphtha, by mass spectrometry. Seymour Meyer-
son........ ',' .

disubstituted, c:hromatograpby of. A. L. LeRosen et al .
homologs, identification of. 1. W. Kinney, Jr., and G. L. Cook

(corr.) .
spec:tra of. M. S. Norris and N. D. Coggeshall .
See also Aromatics.

Benzene, I-tluoro-2.4-dinitro-, as quantitative reagent for primary
and secondary amines. F. C. I\1clntire et al .

Benzene, iodoso- and iodoxy-, determination by polarography. E. L.
Colichman .

Benzene, 1,2,3,4-tetrachloro-, and pentachloro-, microthermal anal-
ysis of mixtures of. C. J. Arceneaux .

Benzene hexachloride. See Cyclohexane, 1,2,3,4,5,6-hexachloro-.
Benzenearsonic aeid, 2-(2-hydroxy-3,6-disulfo-l-naphthylazo)-, prepa-

ration and properties of. D. W. l\IIargerum et al : .. '.' .
Benzimidazole 2-(o-hydroxyphenyl)-, as reagent for determInatIOn

of mercury. 'J. L. Walter and Henry Freiser .

Bb~~~~ A~;t>er, determination in clothing impregnant M-1960 by
spectrophotometry. Morton Beroza : '.' .. : .' .

meta- and para-substituted, alpha carbon-14, preClSIOn In radiO
assaying with vibrating reed electrometer. V. F. Raaen and
G. A. Ropp .

Benzothiazole, 6-nitro-2-mercapto-, as reagent for identification of
alkyl dihalides. H. B. Cutter and Algird Kreuchunas .

Benzothiophene-l-dioxide, estimation of, and related compounds by
polarography. Philip Smith et al '.' .

BERYLLIUM
analysis of. F. A. Vinci .
determination of micro quantities in biological materials. T. Y.

Toribara and R. E. Sherman. .. . . .. . _ .
Bile acids, estimation in serum. A. E. Sobel et al .
BIOLOGICAL MATERIALS

beryllium determination in. T. Y. Toribara and R. E. Sherman....
calcium determination in, by flame photometry. P. S. Chen, Jr., and

T. Y. Toribara .
calcium-40 determination, and radioassay of calcium-45. W. P.

Norris and B. J. Lawrence .
copper determination in. D. M. Hubbard and E. C. SpetteL :.
direct microdetermination .of sodium, potaSSIum, and calCIum In

single specimen, by. flame photometry; G. R. Kingsley and R. R.
Schaffert .

estimation of water in small amounts of proteinaceous material.
Harry Sobel. .

ethyl alcohol determination in. Irving Sunshine and Robert
Nenad .

lead determination in, by diphenylcarbazide. T. V. Letonoff and
J. G. Reinhold .

polyvinylpyrrolidone determination in body fluids. G. B.Levy and
David Fergus .

simultaneous separation of purines, pyrimidines, amino acids, and
other nitrogenous compounds in, by ion exchange chromatogra-

thfa~ineJd~i:~l~':t'i~;"i~,' i,;;ihe' thi-"'ci;r~~~~~~~ti~;",. 'M~t';~';r'i
Fujiwara and Kiyoo Matsui , .

vanadium determination in. N. A. Talvitie .
See also Blood, Serum, Urine, etc. .

Biphenyls, isolation and iden~ification from West Edmond crude 011.
N. G. Adams and D. M. RIchardson .

BISMUTH
determination by spectrophotometry. Charles Merritt, Jr., et oZ . ...
precipitation with trimethylphenylammonium iodide. T. S.

Burkhalter and J. F. Solarek .
BLOOD

nitrogen determination in, by heating in pressure cooker, A. C.
Kibric:k et al.. . . . . . . . . . . . . .

pyrazinamide determination in. W. S. Allen et oZ... .........•....
urea determination in, by diacetyl monoxime method. H. S. Fried-

man (corr., 990) .
See also Biological materials, and Serum.

BOOK REVIEWS
Applied Inorganic Analysis with Special Reference to the Analysis

of Metals Minerals, and Rocks. W. F. Hillebrand and G. E. F.
Lundell, ;evised by G. E. F·. Lundell, H. A. Bright, and J. 1.

Cb~~~:rA;;':IY~i~' '';f' industrial 'S';l~~;"t~:' ·M.· ':8: 'j~~';b; '~~d
Leopold Scheflan .

Estimation of Organic: Compounds. F. Wild .
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determination in titanium alloys. Maurice Codell et al. . . " . . . . .. 1434
manganese removal prior to precipitation of. B. L. Ingram and

Leonard Bean , , . .. 1217
separation of, from phosphate ions, by electrochromatography.

T. R. Sato etal. (corr., 839) , , .
Calcium hydroxide, determination of free, in lime and silicate prod

ucts. G. O. Assarsson and J. M. Bokstrom·... '. . . . . . . . . . . . . . . .. 1844
Calcium oxide, determination of free, in lime and silicate products.

G. O. Assarsson and J. M. Bokstrom , ' '" 1844
Calcium pantothenate, determination by colorimetry. C. R. Szalkow-

ski and J. H. Davidson, Jr ' . . . . .. .. .. .. . . . . .. .. . .. 1192
Calculator, for selection of sample weights. R. C. Thompson. . . . . . . . 535
Calendar for analysts .

........ 201,358,532,681,839,998, 1131, 1280, 1422, 1576, 1777, 1938
Calorimeters, melting point, for determination of purity of liquids of

condensed gases. J. T. Clarke et al... . . . . . . . . . . . . . . . . . . . . . . . 1156
Carbamic acid, diethyldithio-, instability of, at low pH. A. E.

Martin '. . . . . . . . . . . 1260
CARBOHYDRATES

analysis of mixtures of, by yeast fermentation. S. C. Pan et ai .
determination by heat-of-dilution method. H. F. Launer and

Yoshio Tomimatsu · 1767
CARBON '

determination, micro-, calculator for sample ,weight selection in.
R. C. Thompson .

determination, microquantitative, in organic ·materials (rev.).
Wolfgang Kirsten. . . . . . . . . . . . . . . . .. . .

determination in silicon carbide. P. L. Norton .
CARBON DIOXIDE

carbonate-free solid absorbent for. G. A. Consolazio et at.. ... .. . . 1136
determination in gas streams, continuous automatic. R. D. Good-

win · .
determination in synthesis gas. G. L. Barthauer et al .
generator for. C. E. Childs and V. A. Moore '" .
generator for Dumas determination. B. A. Parkin et al " .

Carbon inonoxide, determination in synthesis gas. G. L. Barthauer
a~ ·.· ·.. U6

Carbonates, determination in' 'sodium aluminate solutions. H. L.
Watt.s and D. W. Utley · · ·.

Carbonyl group, estimation in saturated ketocholanic acids. E. L.
Pratt .. , , ., , , , .

Carboxy group, determination in acids, micromethod for. Morton
Beroza ' ' ' .

Carboxylic acid, methylene-bis-N-pyrrolidone-2-, crystallographic
data for. F. T. Jones et al " 19211

Carcinogenicity, of petroleum fractions, prediction by nonbiological
laboratory methods. L. T. Eby et at.. . . . . . . . . . . . . . . . . .. 1500

Carotenoids, reduction of phosphomolybdic acid by. Shlomo Bur-
stein. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 422

Catalysts, for petroleum, review of analytical methods for. Harry
Levin , ·........... 47

Cataphoresis (col.). R. H. MUller 23A(No. 9)
Cathode, micro mercury, metalsseparatlOn wlth. R. B. Hahn........ 1749
CATION EXCHANGE

microanalysis of organic salts by. C. H. Van Etten and M. B. Wiele 1109
resins, as analytical tool. Calvin Calmon. . . . . . . . . . . . . . . . . . . . . . . 490
See also Ion exchange.

Cations, paper chromatography.o.f, with substituted 8-quinolinols.
Quintus Fernando and J. P. PhIlhps... . '"

CELLULOSE
determination with dichromate heat-of-dilution method. H. 'F.

Launer and Yoshio Tomimatsu .
in paper chromatography, role of. D. P. Burma .
phthalic acid esters of, analysis of. C. J. Maim et al. .

Cement, portland, sodium determination in, by flame photometry.
J. J. Diamond and Leonard Bean " 1825

Centrifuge, ultra-. partition cell for Spinco preparatory. O. A.
Schieide and R. W. Dickinson , .

CERIUM
determination by ultraviolet spectrophotometry. George Telep and

D. F. Bolt". , .. .. .. .. .. . . . . . 971
nitric acid solutions of cerium(IV), methanol oxidation by. D. A.

Skoog and Sister Monica (Marie Budde) .
separation of group from yttrium group. Louis Gordon and K. J.

Shaver , .. . 784
separation from rare earths by precipitation as iodate from homo

geneoussolution. H. H. Willard and Sylvia T'sai Yu. . .. .. ..... 1754
CHELATES

formation constants for metal acetylacetonates. J. F. Steinbach
and Henry FreiseI' .

of phenols. Saul Soloway and Perry Rosen .
x-ray structure determination of (rev.). L. L. l\1erritt, Jr .

CHEMICAL COMPOUNDS
purity determinations by extraction-solubility method. V. A.

Stenger et al .
stability conditions of, as basis for analysis. Z. G. Szabo and M. T.

Beck... . .
Chemicals, reagent, appendix to. . . .
CHE:\.USTRY, ANALYTICAL

methods for (abstracts). . . . . . . . . . . . .
reviews of (ed.) , ' .
reviews of applications of, in industrial fields (symposium) ..
scope of (ed.) .
t.rends in (ed.) ',' .

Chemistry, clinical, review of applications of. R. M. Archibald .
Chloranil, colorimetric determination of. Sverre Dahl .
Chlorate, determination in presence of perchlorate. G. P. Haught,

Jr.. . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 642
Chloride ions, as contaminants in precipitation of barium sulfate.

C. A. Streuli et al .
Chlorine, determination in organic compounds, micromethod for.

L. J. Lohr et at " 1115
Chloroform, determination of chlorine-substituted methanes and

ethanes in presence of, by infrared and mass spectrometry. R. B.
Bernstein et al.. . . . . . . . . . . . . . . . . . . : .

Chloropicrin, determination (micro) of vapor in air. Leo Feinsilver
and F. W. Oberst , , " " .

Chloroplatinates, of amines, x-ray powder patterns of, for amine iden-
tification. C. W. Gould and S. T. Gross .

Cholanic acids, di- and triketo-, carbonyl groups estimation in.
E. L. Pratt , . " " , .

493

320

956

583

624

1421
516

354

355

1930
676

856

1573
995
676
355

1930
994

1572
1127

354
995

1573

839

1128
994

1280

1279
1278
1278

1776
1930

199

515

994

1128
355
355

1776

1264

1120

1034

1446
1720
669
591

1185

1115

1919
1137
977

1135

1608

1204

1743

c

Ferrous Analysis. Modern Practice and Theory. E. C. Piggot.
Innovations in Electroanalytical Chemistry. J. J. Lingane ..
Inorganic Chromatography. O. C. Smith ' .
Inorganic Thermogravimetric Analysis. Clement DuvaL .
Introduct.ion to Scientific Research. E. B. Wilson, Jr .
Ion Exchangers in Analytical Chemistry. Olof Samuelson .
Laboratory Experiments in General Chemistry and Semi-Micro

Qualitative Analysis. George Watt and L. O. Morgan .
IVlethoden und Anwendungen der Massenspektroskopie. H. Ewald

and H. Hintenberger , , ., .
Met~o?es et Reactions de I} Analyse OrganiqUe. M. Persez and P.

POITIer , .
Methods of Statistics. L. H. C. Tippett. ' . . . .
Microscopy for Chemists. H. F. Schaeffer , ' .
Microwave Spectroscopy. Walter Gordy, W. V. Smith, and R. F.

Trambarulo .
Modern Mass Spectrometry. G. P. Barnard , .
Nonaqueous Solvents. L. F. Audrieth and Jacob Kleinberg .
Organic Analysis. Edited by J. Mitchell, Jr., 1. M. Kolthoff, E. S.

Proskauer, and A. Weissberger , _ .
Papierchromatographie. Friedrich Cramer .
Polarography. 1. M. Kolthoff and J. J. LingaIie .
Proceedings of the First International Polarographic Congress in

Prague, 1951. .
Progres Recents de la Chromatographie. Deuxieme Partie.

Chimie Minerale. Michael Lederer , , .
Qualitative Analysis and Analytical Chemical Separations. P. W.

West, M. M. Vick, and A. L. LeRosen , .
Quantitative Analysis. Harvey Diehl and G. F. Smith .
Quantitative Analysis. W. M. MacNevin and T. R. Sweet .
Quantitative Anorganische Analyse in del' Technik. F. Specht ..
Quantitative Chemical Analysis. Formerly, Talbot's Quantitative

Chemical Analysis. L. F. Hamilton and S. G. Simpson .
Reviews of Petroleum Technology 1951. F. H. Garner, E. B.

Evans, and George Sell .
Selected Topics in Modern Instrumental Analysis. D. F. Boltz .
Standard X-Ray Diffraction Powder Patterns. Howard E. Swan-

SOll, Eleanor Tatge, and R. K. Fuyat .
Statistical Method in Biological Assay. D. J. Finney , .
Statistical Methods for Chemical Experimentation. W. L. Gore .
Statistical Theory in Research. R. L. Anderson and T. A. Bancroft.
StatisticB of Bioassay with Speeial Reference to the Vitamins. C. 1.

Bliss , " , " , .
extbook of Quantitative Analysis. 1. M. Kolthoff and E. B.
Sandell. .

Visual Lines for Spectroscopic Analysis .
BORON

determination, micro-, by curcumin-acetone solution method.
Louis Silverman and Katherine Trego (corr., 1639) .

determination in nickel boride, by potentiometric titrations.
Herman Blumenthal and William Fall .

determination in steel, with echelle spectrograph. W. G. Kirchgess-

de~::I';;~~t~~Ai/~rt~~f~~~n·"'li~Y~.··Ma~~i~~ 'c~d~il' nd .G~~~ge
Norwitz , , .

Boron t.~iisopropo~ide,.spe.ctraof. J. V. ~en et, al .
Brass, ZInc determInatIOn In, by electrolYSIS. D. G. Foster .
Bromide-copper(II) solutions, equilibria in. P. S. Farrington et al .
BRo"nNE

determination in liquid hydrocarbons, by x-ray fluorescent. spec-
troscopy. G. T. Kokotailo and G. F. Damon .

determination in organic compounds, micromethod for. L. J. Lohr
et al .

Bromine trifluoride, for oxygen determination in oxides of less familiar
metals. H. R. Hoekstra and J. J. Katz , " .

Bubble points, of methanol-ethanol-acetone and three related binary
solutions. H. H. ArneI' et al. .

BURETS
gas-measuring, water vapor saturat,ion.in. T. W. Stein and R. C.

Reid , .
lubrication of stopcocks in. Wolfgang Kirsten .
micro-, construction and calibration of. U. L. Upson .
micro·, ultrafine high-precision. Ro~er Gilmorit .

Butadiene, hexachloro-, as mull medium for infrared spectrometry.
J. S. Ard " ., " ., .

Butyl phosphate, metal thiocyanate cOlIlplexesextraction with. Laben
Melnick et al. . . . . . . . . . . . . . . .

CAD~nU"I
determination, micro-, by colorimetry, with dithizone. R. E.

Saltzluan ' , , .. ' , .
determination· of submicrogram amounts, by coulometry. K. W.

Gardiner and L. B. Rogers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 1393
Cadmium halide-amine complexes, estimation by titration in non-

aqueous solvents. Leo Levi and C. G. Farmilo. . . . . . . . . . . . . . 909
Cadmium sulfide (col.). R. H. MUller , 20A(No. 10)
Caffeine, determination in coffee by paper chromatography. Law-

rence Kogan et at. . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1118
CALCIUM

determination in alkali earth carbonates by flame photometry.

de?e'r~;n~li~~~nhta~~'~"o'u"i~;';'p';;p';;':t~: b'y ~~i';;i~~t~y: ..M.· B'.
Williams and J. H. Moser " , . .. 1414

determination in biological materials, combined semimicrodeter
mination of calcium-40 and radioassay of calcium-45. W. P.
Norris and B. J. Lawrence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

determination in biological material, by flame photometry. P. S.
Chen, Jr., and T. Y. Toribara , 1642

determination in cobalt oxide. J. H. McClure and R. E. Kitson. . . . 867
determination by indirect colorimetry. Fernando Burriel-Marti
a~ .

determination, micro-~ in biological materials, by flame photometry.
G. R. Kingsley and R. R. Schaffert , . 1738

determination in milk and milk fractions. Robert Jennes. . . . . . . . 966
determination in silicates, semimicro method. R. B. Corey and

1\L L. Jackson... . . . . . . . . . . . .
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determination in gasoline, by photometry. J. K. Livingstone and
N. D. Lawson , .

determination in germanium and germanium dioxide. C. L. Luke
and M. E. Campbell '.' .

determination by iodometry. E. W. Hammock and E. H. Swift. .
determination in malt beverages, nonashing technique for. Irwin

Stone et al•.... ....... , .. .. .. .... .. . .
determination in metallurgical analysis. R . .T. Guest ..... __ . _...
determination in ores, with 2,2'-bipyridine. J. P. Mehlig and P. L.

Koehmstedt .
determination by polarography with Versene. R. L. Pecsok .
determination, simultaneous, with cobalt and nickel, as diethyl~

dithiocarbamates. .r. M. Chilton .
determination, simultaneous, with iron, with ethylenediamine-

tetraacetic acid. A. L. Underwood .
determination in soil and plant material. K. L. Cheng and R. H.

Bray .
determination by spectrophotometric titration, with Versenate.

P. B. Sweetser and C. E. Bricker .
determination by spectrophotometry, 2,9-dimethyl-4,7-diphenyI

1,lO-phenanthroline as reagent for. G. F. Smith and D. H.
Wilkins .

determination of sub milligram amounts, by iodate titration.
Krisna Tantranon and B. B. Cunningham .

determination in used transformer oils. Herbert Buchwald and
L. G. Wood .

divalent-bromide solutions, equilibria in. P. S. Farrington et at .
electrodeposition, simultaneous, with lead. Charles Goldberg .
estimation, by titration, reaction of sodium cyanide on cupric am-

monia in. R. K. McAlpine .
vanadium separation from. H. H. Willard et a.l. .
zinc separation from. A. E. Martin _ _

Copper-ethylenediaminetetraacetic acid complex, in alkaline solu-
tions. Harry Wagreich and Benjamin Harrow .

Copper phthalocyanine, polymorphism in. D. N. Kendall .
Corn sirup, D-glucose determination in. R. L. Whistler et al ..
CORN STEEP LIQUOR

lactic acid determination in. R. J. Smith , , .
sulfur dioxide determination in, continuous, automatic. L. D.

Wilson and R. J. Smith - .
CORRESPONDENCE: .

modification of Beckman spectrophotometer with external C bat
tery supply and voltage-checking arrangement. A. S. Stenius.

modification of Parnas-Wagner-Pregl micro-Kjeldahl apparatus.
E. H. Sheers and M. S. Cole .

precautions in determination of lead in biological materials by di-
phenylcarbazide. T. V. Letonoff and J. G. Reinhold .

statistical operating rule for chemists. Grant Wernimont. and H. A.
Liebhafsky et al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 677

Counters, electronic devices for (col.). R. H. Muller 21A(No. 6)
Creatinine, determination with alkaline 3,5-dinitrobenzoate. .J. J.

Carr..... .'
Cresol, analysis of isomeric mixtures. by ultraviolet spectropho-

tometry. G. E. Carney and J. K. Sanford ,.
Crude oil. See Petroleum.
CRYSTALLOGRAPHIC DATA (monthly column)

o-dibenzyl phthalate. John Krc, Jr., and Willanna Rila._
dibenzylsulfide. John Krc, Jr., and Joan French .
trans-diethylstilbestrol. H. A. Rose et al .
erythromycin hydroiodide hydrate. H. A. Rose .
hafnium oxide. Seymour Geller and Ernest Corenzwit .
5-hydroxytetrazole. Kiyoshi Hattori et al _.
lycoctonine monohydrate. R. M. Douglass and W. B. Cook .
methylene-bis-(N-pyrrolidone-2-carboxylic acid). F. T. Jones

et al , -
I-naphthoic acid. W. C. McCrone .
for dt-pinic acid 1. John Krc, Jr .
salicylamide (o-hydroxybenzamide). W. C. McCrone and' ·R..J.

Hinch, Jr .
succinimide. R. J. Hinch, Jr., and \V. C. McCrone .
2,3,4,6-tetranitroaniline. W. C. McCrone .

CRYSTALLOGRAPHY
infrared spectroscopy in. D. N. Kendall. .
of"low melting compounds, by x-ray diffraction at lowctemperattires.

Benjamin Post and Isidor Fankuchen ....
CRYSTALS

structure of hexagonal isomorphs. L. K. Frevel and H. W. Rinn ....
x-ray structure analysis of, computing Fourier syntheses in. C. R.

Hudgens and A. N. Ross .
CUPFERRON

new analog of, containing fluorene nucleus, in iron determination.
R. E. Oesper and R. E. Fulmer .

vanadium determination with, by colorimetry. H. H. Willard
d~..............................··..··

Cyanate, determination, following hydrolysis to ammonia, by color
imetry. J. M. Kruse and M. G. Mellon.

CYANIDES
determination in industrial wastes, by colorimetry. J. M. Kruse

with M. G. Mellon... .. . . . .. . ., .
determination with silver nitrate, titration curve for. J. E. Ricci .

Cyanogen bands, suppression of, in direct current graphite arc by lith-
ium chloride. R. G. Keenan and C. E. White .

CYCLOHEXANE
determination in petroleum concentrates by infrared spectrometry.

C. F. Hammer and H. R. Roe. . .
determination, simultane,ous, with benzene and methylcyclopen

tane, in naphtha, by mass spectrometry. Seymour Meyerson ....
CYCLOHEXANE, 1,2,3,4,5,6-HEXACHLORO-

determination of gamma-isomer. Jacob Rosin and G. B. Radan ....
determination of gamma isomer of, in air. Irwin Hornstein and

W. N. Sullivan '..... .. .. . .
determination of gamma isomer content, by chlorine-36 isotope

dilution method. J. T. Craig et al. .
estimation, micro, of residual. W. F. Phillips (corr.) .

Cyclohexanol-cyclohex.anone mixtures, analysis of. Stephen Dal
Nogare and John Mitchel!, Jr.. .. . ...

Cyclopentane, methyl-, determination, simultaneous, with benzene
and cyclohexane, in naphtha, by mass spectrometry. Seymour
Meyerson... . . . . .. .. . . . . . . . .

2-Cyclopenten-l-one, 2-allyl-4-hydroxy-3-metbyl-, spectrophoto
metric assay of. S. K. Freeman.
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CHOLESTEROL
determination in serum. Sidney Pearson et at .
determination in wool wax, by spectro])hotometry. F. E. Luddy
d~ .

estimation in unsaponifiable fraction of wool wax. Heinz Duewell ..
Cholesterol, 7-dehydro- and 7-hydroxy-, estimation in serum. A. E.

Sobel et al... .. . . , .
CH;ROMATOGRAPHY, COLUMN

of active ingredients of Systox. Kenneth Gardner and D. F. Heath
of disubstituted benzenes. A. L. LeRosen et al.. . .
effect of temperature on movement in a zone. L. T. Chang .
fraction collectors for. See Fraction collectors.
partition, phenols separation by. T. R. Sweeney and J. D. Bult-

man .
precision recording refractometer for analysis by. N. R. Trenner
d~........................... .

volume fraction, evaporation efTor in. Charles l\1ader and George
Mader, Jr .

CHRO:\IATOGRAPHY, ION EXCHANGE
determination of malic, tartaric, and eitric acids in fruit by. H. H.

Schenker and William Rieman III. . . . . . . . . . . . . . . .. . .
simultaneous separation of nitrogenous compounds ~vith. J. S.

Wall. .
CHROMATOGRAPHY, PAPER

of alkoxy acids. J. H. Nair, III. .
of amino acids. A. L. Levy and David Chung .
amino acids analysis by. R. C. Salander et al. .
automatic measllrement of light absorption and fluorescence on

chromatograms. J. A. Brown and M. M. Marsh .
of cations with substituted 8-quinolinols. Quintus Fernando and

J. P. Phillips .
circular, Rf values in. Abraham Saifer and Irwin Oreskes .
glass atomizer for use in. W. J. Wingo .
identification of flavonoid compounds by. H. W. Casteel and S. H.

Wender .
measurement of Rb values. A. J. Glazko and W. A. Dill. .
of organic acids. J. W. Airan et al .
of organic acids. A. R. Jones et at .
partition mechanism of. D. P. Burma _ .
reactions on chromatostrips. J. M. Miller and.1. G. Kirchner .

Chrome Azurol S, fluoride determination with. David Revinson and
J. H. Harley.

CHROMIUM
determination in cobalt oxide. .T. H. l\!IcClure and R. E. Kitson.
ore analysis. 'V. H. Hartford _ .
oxygen determination in, by vacuum fusion analysis. ,V. S. Horton

and Joseph Brady. . . . . . . .. . .
Chromotropic acid. See 2,7-Naphthalene disulfonic acid, 4,5-dihy

droxy-.
Cigarette smoke, yolatile p.henols determination in. C. H. Rayburn

et al....... . .
CITRIC ACID

determination in fruit, by ion exchange chromatography. H. H.
Schenker and William Rieman III........ . . . . . . . . . . ..

identification by paper chromatography. J. 'V. Airan et nt ...
Clay, analysis of mixtures by x-ray diffraction. "T. F. Bradley.
Clothing impregnant. See Textiles.
CMU. See Urea, 3-(p-chlorophenyl)-I,I-dimethyl-.
Coal, degradation products, separation of oxygenated compounds from

hydrocarbons in. Jacob Entel et al.. . . . . . . . . .. . _ .
Coatings, review of analytical methods for. R. W. Stafford and J. F.

Shay ..
COBALT

determination in presence of iron, by rapid photometry. J. N.
Pascual et al.. . . . . . . . . . . . . . . . . . . .. . .

determination, simultaneous, with copper and nickel, as diethyldi-
thiocarbamates. J. M. Chilton .

determination in soils. Hy Almond .
determination in stainless steel. N. E. Gordon, ,fl'. et al .
zinc separation froln. A. E. l\,Iartin. . . . . . .. . .

Cobalt oxide, determination of, impurities in. .J. H. l\1cClure and

Co~~~'c~~~in~' '~~d' 't~ig~~~lii~'e' 'cie't~;';~i~~ii~~ 'i~', . by' p~'pe'r' 'c'hr'o~
matography. Lawrence Kogan et al..

COKE
oven gas, naphthalene determination in. N . .T. KLein and G. "V.

po~~~it~%~'~s'~~~~~~t' io'r: 'by 'g~s' fi~'; 'l~~th~d" . S~h'ri 'E;g~~' ~~d
Jack Owen .

Colloids, preparation of mulls from. R. E. Rippere.
COLORIMETRY

determination, simultaneous, of copper, cobalt, and nickel, as di
ethyldithiocarbamates. J. M. Chilton ...

differential method for precision analysis. .A~'(ie'r~ .R'i~gb~~~ .~~d
Kurt Osterholm .

silicate determination by. D.T.-W. Chow and R. J. Robinson.
temperature effects in differential. Robert Bastian .

Columbium, determination in stainless steel. Luther Ikenberry
et al .

Columns. See Distillation.
COMBUSTION

automatic quartz tube apparatus for determination of sulfur and
halogens in organic materials. T. T. White et at .

rate of, measurement of. R. D. Goodwin .
Comparator, and double-beam densitometer. R. O. Carpenter and

J. U. White .
Complex compounds. See Chemical compounds.
Complexone III. See Acetic acid, ethylenediaminetetra-, disodium

salt of
CONTROL APPARATUS

automatic, polarographic method in. L. D. ,\Vilson and R. J.
Smith.. . .

electronic pressure controller for laboratory apparaf.us. F. J.
Digney and Stephen Yerazunis .

for sulfur dioxide in corn steep liquor. L. D. \Vilson and R. J.
Smith .

COPPER
alloys, silicon determination in, by photometry. C. L. Luke .
determination in biological materials. D. 1\1. Hubbard and E. C.

Spettel...... . . . .. . . .
determination in cobalt oxide. J. H. wlcClure and R. E. Kitson.
determination, electrolytic, with an isolated anode. D. G. Foste;:.·.
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Cysteine, catalytic activity of, in iodine-azide reaction. D. W. 1"23
Whitman and R. M. Whitney.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . u

Cystine, determination of, in presence of glutathione. Walter Stricks
and 1. M. Kolthoff. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1050

o
DDE. See Ethylene, 1,1-dichloro-2.2-bis(p-chlorophenyl)-.
DDT. See Ethane. I, 1.1-trichloro-2,2-bis(p-chlorophenyl)-.
Decaborane, analysis of. E. L. Simons et al.. . . . . . . . . . . . . . . . . . . . . . . 635
II-Dehydrocorticosterone. 17-hydroxy-. determination with anthrone

reagent. J. J. Holechek and A. R. Collins. . . . . . . . . . . . . . . . . . . . . 991
Densitometer, double-beam, and comparator. R. O. Carpenter and

J. U. White......... . . . .. . . .. .. .. .. .. . . . . . . . . .. 1473
Density determination of viscous .fluids with Babcock bottles. R. S·.

Cass et al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1773
DEU'fERIUM

analysis in mass spectrometer, water sample preparation for. F. P.
Chinard and Theodore Enns. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1413

determination of. C. A. Dubbs. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 828
determination in water, by mass spectrometry. H. W. \Vashburn

et al........... .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . 130
Deuterium oxide, determination in water samples. R. G. Haldeman.. 787
Dextran, determination with anthrone. T. A. Scott, Jr. and E. H.

Melvin. . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1656
Diacetyl, determination by spectrophotometry. D. T. Englis et al .. .. ' 1373
o-Dibenzyl phthalate, crystallography of. John Krc, Jr., and Will-

anna Rila. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 514
~i~i'd..i~1 s1~~'j;~;£i~f~~~graphYof. John Krc, Jr., and Joan French.. 198

Diethylene glycol, oxidation of, with dichromate. M. J. Cardone and
J. W. Compton.. . . . . .. . . . . . . .. .. .. . . . . . . .. 1869

Dimethylaniline, determination in nlixture with acetic acid and water.
Leo Garwin and P. O. Haddad....... . . . . . . .... .. 435

Dipicrylamine, potassium determination with. Roger Faber and

Di;pe~~i~~r:~~;~tu~,'~il:gl~~~'~~i;e f~;C~~~~~'~;,t~;,;~t'i~" . P.· i;. 808
Hoogland " . . . . . . . . 685

DISTILLATION
apparatus for, modified Vigreux. A. C. F. Mason.... . . . . . .. 533
coLl!?lln for, f~)f corrosive gas mixtures. N. C. Orrick and J. D.

Glbson...... .. .. .. .. .. .. .. .. . 1100
DISULFIDES

determination in presence of thiols. T. E. Earle. . . . . . . 769
See also Sulfur compounds.

Drying, of gelatinous precipitates. R. H. Pierson , . . .. . .. 1939
Dust, monitor for hazardous (col.). R. H. Milller..... . . . . .17A(No. 10)

Equilibria, application of amperometric measurements to determina-
tion of constants. P. S. Farrington et al .

Equivalence, photometric detection of, in automatic coulometric
titrations. E. N. Wise et al .

Eriochrome Black T, as reagent for colorimetric determination of mag-
nesium. A. E. Harvey, Jr., etal " , ., .

Erythromycin, determination in processing stages and antibiotics by
colorimetry. J. H. Ford et al.. : .

Erythromycin hydroiodide hydrate, crystallographic data for. H. A.
Rose................................ . .

ESTERS
determination in sulfuric acid sludges from petroleum processing.

F. T. Weiss et al............ . . . . .
review of analytical nlethods for. Ernest Guenther and E. E.

Langenau , .
Ethane, 2,2-bis(p-methoxyphenyl)-1,l,l-trichloro-, determination on

insecticide-treated paperboard, by ultraviolet spectrophotometry.
E. C. Jennings, Jr., and D. G. Edwards .

Ethane, chloro derivatives of, determination in presence of chloroform,
by infrared and mass spectrometry. R. B. Bernstein et al .

ETHANE, l,l,l-TRICHLORO-2,2-BIS(P-CHLOROPHENYL)
determination in human fat. A; M. Mattson et al ..
determination in river water and suspended solids. ':B~~ ·B~~c·k.·.·. '. :

ETHYL ALCOHOL
determination in biological materials. Irving Sunshine and Rober:t

Nenad .
solutions with methanol-acetone, and related binary solutions,

refractive indices and bubble points. H. H. Amer et al .
Ethylene, 1,1-dichloro-2,2-bis(p-chlorophenyl)-, determination in

human fat. A. M. Mattson et a!. .
Ethylene, estimation in air and gases, silica gel in.. Fred Stitt and

Etr~i:~~,re~~;<iliT~;~~,'~s'~~l~~~'t'f~~'i~f~a:r~d'~~~iysi~" . i S·. ·A~ci.
ETHYLENE GLYCOL

l,2-propylene glycol determination in. Stephen Dal Nogare and
John Mitchell, Jr .

1.2-propylene glycol determination in mixtures of. C. B. Jordan
and V. O. Hatch , ., , , . . . .. . . . ..

Europium, determination in rare eart-h mixtures. D. C. Fost~~ and
H. E. Kremers .

Evaporator, simple laboratory. Paul Numerof and Karl Reinhardt .
Expansion coefficient, determination by x-ray techniques. M. E.

Straumanis .
Extinction coefficients, anomalies in measurement of. L. S. Goldring

ct~.............. . .
EXTRACTION

continuous, of aqueous solution with solvents more dense than
water. D. C. Iffiand.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ...

equipment for, modified Hershberg-Wolf. Erich Heftman"; and
D. F. Johnson " .

equipment for cold. C. R. Parks. . . . . . . . . . . . . . . . . . . . . . ....
of heteropoly acids and application to determination of phos-

phorus. Coe Wadelin with M. G. Mellon .
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Ebulliometer for milliliter samples. S. R. Hoover et nl .
Ebullioscopic constants, variation with molecular weight of solute and

type of solvent. C. A. Glover and C. P. Hill .
EDITORIALS

ACS )J"ational Meeting at Chicago .
Advisory Board Appointments .
Analytical Research Fellowships. L. T. Hallett ..
Automation-A New Concept .. ,
A\'~"ard in Instrumentation '
Dividends for Analysis .
An Example to Follow '"
Glances Backward and Forward ....
NBS Calibration Work Cut Back ..
Responsibility of the Author .
The Reviews-A Fifth Anniversary. . . . . .. . . . . .
Signs of Growth (Analytical Symposium, LSU Analytical Sym-

posium, Pittsburgh Conference on Analytical Chemistry and Ap
plied Spectroscopy).. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .

Speakers on Analytical Subjects .
Summer Symposium " .
Trade-Mark Identification .
Trends in Analytical Chemistry '.' .
Van Slyke--1953 Fisher Award Winner , ..
Widening Horizons .

Elastomers, deterioration prevention agents for, evaluation of. K. E.

m3~~,~~~gl~t:J~i~ti;';";";" f~~ .p~i~r~g~~phY.· . T.· L. Marple '~~c:i
m:~~~y~~~r~i~'p~i~~~g~~pl~ic'~~~iy~i~: .. C. ·A. S'treuli and 'rV.· D'.

Cooke.................. . .
ELECTRODES

for potentiometric titration in glacial acetic acid. R. A. Glenn ...
rotating amalgam, in polarography. W. D. Cooke .

ElectrOIneters, vibrating reed, precision in radioassaying. V. F.
Raaen and G. A. Ropp. . . . . . . . . . . . . . . . . . . . . . . . . . . .

Electrophoresis, apparatus for microanalysis. L. G. Longsworth.
ELEME::"lTS

determination in iron and steel, review of methods for. H. F.
Beeghly .

determination in petroleum, review of methods for. Harry Levin.
SYIllposium on analytical chemistry of less familiar .
zinc separation from. J. E. Vance and R. E. Borup (corr., 1241) ..

ELEMENTS, TRACE .
determination. combining chemical enrichment with spectrochemi-

cal methods. G. E. Heggen and L. W. Strock , .
determination in fuel oil, by direct spectrographic method. C. W.

Key and G. D. Hoggan , , .
determination in lubricating oils, by spectrography. R. F. Meeker

and R. C. Pomatti (corr., 1938) .
determination in natural waters. D. E. Carritz .
determination in petroleum, comparison of 'spectrochemical and

semirnicromethods. G. V. Dyroff et al .
determination in zirconium and hafnium. N. E. Gordon, Jr., and

R. M. Jacobs... . . . . .

1940

1379

1139
1783
687

1431
1003

843
1

1783
1287
1579

1

1287
1003
537

1579
381
205
205

241

1351

1691

1916
215

174
1074

30
47

1580
610

859

1673

151
1927

1898

1605

F

FATS
DDT and DDE determination in human. A. M. Mattson et al. . ...
polyunsaturated fatty acids determination in. S. F. Herb and

R. W. Riemenschneider , , .
FATTY ACIDS

determination by potentiometric titration. B. W. Grunbaum
et al .

polyunsaturated, determination in fats or lipides by spectrophotoln
etry, micromethod for. S. F. Herb and R. W. Riemenschneider.

Fatty amines, determination in amine mixtures. J. E. Jackson .
Ferric ions, as contaminants in precipitation of barium sulfate. C. A.

Streuli et al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ..
FERTILIZERS

phosphorus pentoxide determination in, by colorimetry. G. L.
Bridger et al. . . . . . . . . . . . . . . . . .

review of analytical methods for. G. L. Bridger .
Fibers, inorganic, papers from, as filter mats for Gooch crucibles.

T. S. Ma and A. A. Benedett·i-Pichler. " .
FILMS

infrared spectra of evaporated. J. E. Tyler and S. A. Ehrhardt .....
See also Sheet materials.

FILTRATION
with Gooch crucibles, papers from inorganic fibers for. T. S. lVIa

and A. A. Benedetti-Pichler .
of solutions containing gelatinous precipitates. R. H. Pierson.
ultra-, centrifuge-type apparatus for. T. Y. Toribara .

~f:~~~~id:~1d~~~¥fic'~ti~~ ~f: by' fiite~ 'pa:p~r' ~h;~~·;a·t~g~~pilY·. 'II: \~i.
Casteel and S. H. Wander .

Flexibility, test for. D. G. Stcchert '" .
FLOW

of liquids through capillaries and measurement of viscosity. G. F.
N. Calderwood et al .

measurement of rate of, of gases. Sabri Ergun .
FLOWMETERB

calibration of. Sabri Ergun .
glass-wool, calibration of. Joseph Grumer et al .

Fluids, viscous, density determination of, with Babcock bottles.
R. S. Cass et al.. .

Fluorenone, 2,4,7- trinitro-, a reagent for microscopic fusion analysis.
D. E. Laskowski et al .

Fluorescence, automatic measurement of, on paper chromatograms.
J. A. Brown and M. M. Marsh .

FLUORIDES
determination with Chrome Azurol S, by spectrophotometry.

David Revinson and J. H. Harley .
determination in food samples, by spectrophotonletry. J. wI.

Icken and B. M. Blank. . . . . . . . . . . . . . . . . . . . . . . . . .
determination of small amounts, by fluorometry. W. A. Powell

and J. H. Saylor.......... . . . . . " .
determination in vegetation. R. J. Rowley et al. .
determination in water, by induced reaction method. J. L.

Lambert .

1065

953

480

953
1764

306

336
17

999

390

999
1939
1286

205

508
1730

935
790

790
840

1773

1400

1865

794

1741

960
1061
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1960 ANALYTICAL CHEMISTRY

H

separation of. by chromatography. Stephen Dal Nogare......... 1874
See also individually listed glycols.

GLYOXIME, DIMETHYL-
and nickel dimethyI-, structure of. L. L. Merritt, Jr.. .. .. . . . . . . . 718
separation of palladium from platintlln, iridium,and rllodiunl with.

G. H. Ayres and E. W. Berg. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 980
Greases, water determination in. R. Y. Meelheim and J. N. Roark. . .. 348
Grinding apparatus for mulling infrared microsamples. J. S. Ard. . . .. 1780

GI£i~~i::r~l.~I.~~~~~s.i~ .~f~ .~y complet.e. ~~l.~t~~~.~~~c.e.~~r.e~:..~:~.. 1511

HAFNIUM
determination of impurities in. N. E. Gordon, Jr., and R. IVI. 1605

Jacobs .
determination in zirconium, by spectrography. D. M. Mortimore

and L. A. Noble.......... . . . . . . . . . . . .. . .. . . . . 296
Hafnium oxide, crystallographic data for. Seymour Geller and Ernest

Corenzwit _ _. . . . . . . . . . . . . . . . . 1774
Halides, analysis of, by coulogravimetric determination. W. 1\1. 274

MacNevin et al.. . . .. . . . . . . . . . . _ .
HALOGENS

determination, microquantitative, in organic materials (rev.).
Wolfgang Kirsten.......... . . . . . . .. . . . . . .. . . . . . .. 74

determination in organic materials, automatic combustion appara-
tus for. T. T. White et al... . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1664

Herbicides. See Pesticides.
Hexogen, detection and estimation of ill1_purities in. E. W. Malm-

berg et al.. . . . . . . . . . . . __ . . . . . . . . . 901
HEXOSES

analysis for. Henry Tauber. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 826
color reagent for detection of, in presence of pentoses. Bernard

Klein and Milton Weissman..... . " 771
High vacua (col.). R. H. Muller....... . 23A(No. 9)
HYDRAZINE

ammonia determination in. J. E. DeVries and E. St. C. Gantz... 973
organic derivatives of, potentiometric titration with potassium

iodate. W. R. McBride et al... ... . .. . . . . . . . . . . . . . . . . . . . . . .. 1042
HYDRAZONES, 2,4-DINITROPHENYL-

formation, separation, and identification of. L. 1. Braddock
et al _. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 301

infrared spectra for analysis of aldehyde and ketone. J. H. Ross. ... 1288
Hydrides, water-reactive, determination in presence of inert salts

containing base. M. D. Banus and J. B. Vetrano.. . . . . . . . . . . . . . . 1268
HYDROCARBONS

bromine determination in, by x-ray fluorescent spectroscopy. G. T.
Kokotailo and G. F. Damon....... 1185

determination in water. C. E. Headington et al...... . . . . . . . . . . 1681
sa1\lrate~, characterization of, by infrared spectrometry. S. A. 1466

sep'arr~~i~~~i ~~yge~'~~~p'o'll'n:ci~i;O'l~; by' ~d~o;pti~~: . 'j~~~b E~te'l
et al... . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 616

See also Aromatics, Petroleum, etc., and individually listed hydro
carbons.

HYDROGEN
determination of free, in presence of iron, nickel, chromium, and

magnesium, by conductometric titration. L. P. Pepkowitz et al.
(corr.). . . . . . . . . . . . . . . . . . . .. . . . . 197

determination, micro-, calculator for saulple weight selection in.
R. C. Thompson.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 535

determinat.ion, microquantitative, in organic materials (rev.).
Wolfgang Kirsten......... . . . . .. . . . . . . 74

determinat,ion in sodium borohydride and potassium borohydride.

de~~r~in~~~~k~~'st~~i, 'by ~~~~~l'~l'f~~i~~,' ~~~pi~ 'st~;~g~ i~: .'y" L·. 831
Yao and K. S. Milliken _ , _ . . . . . . .. 363

determination in synthesis gas. G. L. Barthauer et al.. . . . . . . . . . . 256
determination in wrought aluminum alloys. C. B. Griffiths and

M. W. Mallett _. . . . . . . . . . . . 1085
-germanium hydride mixtures, analysis- of. wIino Green and P. H.

Robinson. . ... .. . . . . . . . . . . . . . . . . . . 1913
HYDROGEN FLUORIDE

determination of traces of, in inert gases. D. L. 1\1anning and J. C.

sol'Je~i;e~y~i~~'~~d' ~pp"a~~t~~'i~r' p'oi~;~gr'a'pl~i~'~t~die's~' "i.' ",i. 1648

HYd~~:;~n~e~~~fd'e','~~p~~~ti~~'ir'o~'~r'g'a'n:i~'hyd~~p~;~x'id~~:. W: ·l\i. 1727
MacNevin and P. F. Urone _ .. 1760

Hydrolysis, alkaline, measurement of rate of. D. G. Flom and P. J.
Elving _. .. . . . .. . . . . . . . 541

Hydrometers, alcoholometer scale beyond 100% for. Roger Gilmont. 100l
HYDROPEROXIDES
de~rmination in petroleum products. D. C. Walker and H. S. 923

orga~i~~~p~'r~:ti~~'~r" hyd~~g~~'p~~o'X:id~·f~~~.· . W·. ·lV.I..M~~N~~i~
and P. F. Urone........... . 1769

Hydroquinone, coulometric titration of. N. H. Furman and R. N.
Adams....... . . . . . . . . .. . . . .. .. . . . .. 1564

Hydroquinone, tetrachloro-, colorimetric determination of, in leather
extracts. Sverre Dahl. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1724

Hydroxide ion, determination in sodium aluminate solutions. H. L.
Watts and D. W. Utley.... 864

Hypophosphorus acids, determination by iodometry. R. T. Jones
and E. H. Swift.......... 1272

FLUORINE
determination by colorimetry (correction) . W. D. Armstrong .
determination of elemental. Irving Sheft et al .
determination in plant materials. L. F. Remmert et (tL ' .
determination in urine. R. F. wIillerand P. H. Phillips .

FOOD
fluorides determination in, by spectrophotometry. J. M.- Icken and

B. M. Blank .
review of analytical methods for. J. R. Matchett "nd H. W. von

Loesecke '" .
review (1952) of analytical methods for. J. R. M;'t~h~tt"~;'dH. W·.

von Loesecke (corr.) .
Formaldehyde, determination of ratio to urea in condensation prod-

ucts. P. P. Grad and R. J. Dunn .
Formaldehyde bisulfite, formic acid determination in presence of.

Lars Ahlen ..nd Olof Samuelson .
Formic acid, determination in presence of formaldehyde bisulfite.

Lars Ahlen and Olof Samuelson .
Fourier syntheses, computing of, in x-ray crystal structure analysis.

C. R. Hudgens and A. M. Ross .
FRACTION COLLECTOR

automatic, for chromatography. J. L. Hickson and R. L. Whistler ..
automatic for volume. Charles Mader and George Mader, Jr .
for chromat.ography. R. J. Dimler et al. .
for chromatography. Eric Schram and E. J. Bigwood .
photoelectric volume-measuring accessory for. H. J. Dutton and

F. J. Castle _ _ .
simple. W. J. Wingo and Iben Browning " .

Fructose, estimation by cyanohydrin reaction. R. D. Coombs III
etal........... ..

D-Fructose hemihydrate, optical and crystallographic properties of
F. T. Jones et al _... . ..

FnIit, acid determination in, by ion exchange chromatography. H.
H. Schenker and William Rieman III. .

FUEL OIL
trace elements determination in. C. W. Key and G. D. Hoggan ..
See also Petroleum.

Fumaric acid, analysis of mixtures of, with maleic acid and diethyl
esters. P. J. Elving et ai .

FurethrinJ determination by colorimetry. Cipriano Cueto and W. E.

Ft?rf~I:';1·2:4-di;'it·r~ph·e;;YlhYdra7.one.optical p;operti~s of. L.· ·r.
Braddock et al __ .

Furnaces, high temperature, for organie elementary analysis. W~if~
gang Kirsten. . . . . . . . . . . . .

G

Gas titrations. Sidney Katz and J. T. Barr .
GASES

analysis of, silica gel as adsorbent in. Fred Stitt and Yoshio
Tomimatsu .

analysis of sulfuric acid contact plant exit. J. B. Lombardo .
analysis of, water vapor saturation in gas-measuring burets in.

T. W. Stein and R. C. Reid .
apparatus for measuring permeability of. D. W. Brubaker and

Karl Kammermeyer .
coke oven, naphthalene determination in, by infrared, and in wash

oil, by ultraviolet spectrometry. N. J. Klein and G. W. Struth-
ers. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .

condensed, determiJ;lation of purity of. J. T. Clarke et al. .
corrosive, met.al column for distillation of. N. C. Orrick and J. D.

dei-;~~i~~ti~~. ~i .i~p't;riti~~ . i~: .by' .~~~~ .~p~~t·r~~~trY·... A'.. ~,..
~ewton .

flow rate measurement. Sabri Ergun .
flowing systems, maint.aining constant pressure in. Alban Charnley

and G. L. Isles...... . .. , . . ... ... . .. .
hydrogen sulfide (traces) determination in inert. D. L. lVlanning

and J. C. White... . .
inert blanket, oxygen determination in. L. P. Pepkowitz and E. L.

Shirley ' . - .
mixtures of, determin.ation of methyl mercaptan, dimethyl sulfide,

and dimethyl disulfide in. William Segal and R. L. Starkey. _...
oxygen determination in, continuous indicator for. M. G. Jacobson
preparation of mixtures of, equipment for. Ascher Opler and E. S.

Smit.h........ . .
streams of, carbon dioxide determination in, continuous, automatic.

R. D. Goodwin .
synthesis, analysis of. G. L. Barthauer et al .

GASOLINE
copper. determination in, by photometry. J. K. Livingstone and

N. D. Lawson .
See also Hydrocarbons and Petroleum.

Gel.ep~KI~t;~.. ~~~c.t.r~~~~t.e~: . ~~~~~~i~ ..o.f. powder ~~~t.u.r~~..~i.t~..
Germane. See Germanium hydride.
GERMANIUM

determination by colorimetry, with oxidized hematoxylin solution.
Hanna Newcombe et(ll. (corr.) .

impurities in, determination of. C. L. Luke and M. E. Campbell .
mass spectrometric analysis of. R. E. Honig _
review of analytical methods for. H. H. Krause and O. H. John-

SOD •••••••••.••.••.•••••.•.....••••••••••••••.•••••
Germanium hydride~hydrogen mixtures, analysis of. Mino Green

and P. H. Robinson .
Glass, differentiation between borosilicate and soft. IVI. K. Carron

and R. E. Stevens _ '.' .
GLUCOSE

determination in blood serum. Bernard Klein and Milton Weiss-

de~~~i~~ti~~i~ 'c'a'rb'ohydr'a't~~:by' y~~~t' ie':r~~~i~ti~~: ..s. C. 'Pan
et al .

D--Glucose, determination in corn sirups. R. L. Whistler et al .
Glutathione, determination of, in presence of cystine. Walter Stricks

and 1. M. Kolthoff .
Glycerol, determination as sodium-cupri-glyeerol complex, by spec-

trophotometry. Frank Spagnolo _. . . . . .
GLYCOLS

determination of 1,2-, in mixtures. E. A. Adelberg .

990
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450
172

1741

24

197

1211

1263

1263

734

1425
1423
1428
1424

1427
1426

511

649

1637

1673

1082

1367

301

805

619

181
1;)4

1919

424

1818
11.56

1100

1146
790

1942

1648

1718

1645
.586

686

263
256

1917

704

1938
1588
1530

134

1913

1782

771

231
121.5

1050

1566

1553

Indans, methylated, preparation and properties of. Jacob Entel
et al ' ,

INDICATORS
siloxene as chemiluminescent. Frederic Kenny a'nd R. B. Kurtz .
starch indicator for iodimetry. J. L. Lambert .

Indium, activation analysis for. W. W. l\1einke and R. E. Ander-
son ·.·.···.· .

Insecticides. See Pesticides.

1303

1550
984

778
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624

284

197

947

1269
505

1247

1348

700

168

674

838

884

502

1550

572
1922
1405

1724

1844

953

659

231

1939

650

1586
290
9ij6

624
498

1038

116

1217

1022

650

1386

116

1461

151

836

1637
659

1082

797

867
411

1031
1038 .

1217
823

1022

1314
1914

1746

1413

1729
1453

679
682

997

thinners for, analysis of. W. H. Ellis and R. L. LeTourneau .
Lactic acid, determination in Corn steep liquor. R. J. Smith .
Lactobacillus casei, media for, for assay of riboflavin. M. F. Clarke .
Lanthanum group elements, separation from yttrium group elements.

E. M. Scadden and N. E. Ballou
LATEX

ASTM mechanical stability test, end point observation in. A. C.
Meyer................ . .

See also Rubber.
Lattice parameters, determination by x-ray techniques. M. E ..

La~~aB:~,~~s~~d 's'pe'ct~~ph~t~~'e't~~ 'li~ea~ity: ·C:·G~ .C'a'~~~~ .a~d
1. S. C. Butterworth.. . . . . . . . .

LEAD
antimony determination in, by rhodaluine B method. C. L. Luke ..
determination in biological materials by diphenylcarbazide. T. V.

Letonoff and J. G. Reinhold " .
determination as lead dioxide, by voltammetry. 1. M. Kolthoff
~~...................... .

determination by precipitation of lead sulfate in homogeneous solu-
tion. P. J. Elving and W. C. Cook .

determination, siloxene as indicator for. Frederic Kenny and

de~~~in~ti~~''by' . 'sp~~i;~ph~t~[~~t~y" . Charl~~' . M~~;itt:' J~",
et al , ., .

driers for, polarographic analysis of. D. A. Skoog and R. L. Focht.
electrodeposition, simultaneous, with copper. Charles Goldberg ...

Leather, tetrahydroquinone determination in extracts of. Sverre
Dahl. .

Lime, free calcium oxide or hydroxide determination in. 'G~' 0'.
Assarsson and J. M. Bokstrom .

Lindane. See Cyclohexane, 1,2,3,4,5,6-hexachloro-.
Lipides, polyunsaturated fatty acids determination in. S. F. Herb

and R. W. Riemenschneider , .
LITHIUM

determination in magnesium alloys, by the flame photometer.
E. E. Strange .

determination by precipitation as trilithium phosphate. E. R.
Caley and G. A. Simmons, Jr. , .

hydrogen determination in, and lithium-magnesium alloys, by tin
fusion and sealed steel capsule Inethods. M. W. Mallett et aL . ..

LUBRICATING OILS
4-methyl-2,6-di-tert-butylphenol determination in. Emil Poti et at ..
trace elements determination in, by spectrography. R. F. Meeker

and R. C. Pomatti (corr., 1938) " ., .
See also Petroleum.

Lycoctonine monohydrate, crystallographic data for. R. M. Doug-
lass and W. B. Cook , " .

M

MAGNESIUM
alloy sample preparation for spectrography. H. H. Grossman
~~........... ... . ....

alloys, lithium determination in, by the fla"me photometer. E. E.
Strange _ , .

alloys, tellurium and selenium determination in, by spectropho-
tometry. S. E. Wiberly et at .

determination in chromium ores. W. H. Hartford .
determination in milk and milk fractions. Robert Jennes .
determination in silicates, semilnicro nlethod. R. B. Corey and

M. L. Jackson. . . . . . . . . . . . . . . . . . . . ...
determination by spectrophotometry. A. E. Harvey, Jr. et al .
determination in titanium metal. fl. A. Heller and R. W. Lewis .
hydrogen determination in, and magnesiulu-lithium alloys, by tin-

fusion and sealed steel capsule methods. M. W. Mallett et at .. ..
manganese removal prior .to precipitation of. B. L. Ingram and

Leonard Bean .
Magnesium oxide, determination in masonry, by hydrogen flame spec-

trophotometry. Paul Close et "t .
MALEIC ACID

analysis of mixtures of, with fumaric acid and diethyl esters. P. J.
Elving et at .

determination in maleic anhydride. Sidney Siggia and N. A.
Floramo .

Maleic hydrazide. See Pyridazine 3,6-dione, l,Z-dihydro-.
MALrc ACID

determination in fruit, by ion exchange chromatography. H. H ..
Schenker and William Rieman 111. , , , .

identification by paper chromatography. J. W. Airan et al. .
Malonic acid, identification by paper chromatography. J. W. Airan
~~........................................

Maltose, determination in carbohydrates, by yeast fermentation.
S. C. Pan et at '.' .

IVIANGANESE
determination in cobalt oxide. J. H. l\IIcClure and R. E. Kitson .
determination by periodate methods. 1\11. D. Cooper " .
determination in stainless steel. N. E. Gordon, Jr., et al. .
determination in titanium metal. H. A.Hellerand R. W. Lewis .
removal prior to calcium and magnesium precipitations. B. L.

Ingram and Leonard Bean. _ .
separation from earth acids. C. F. Hiskey and A. L. Batik .

Masonry, magnesium oxide determination in. Paul Close et al .
MASS SPECTROMETRY

analysis of nitrogen oxides by. R. A. Friedel et al .
analysis of six- and seven-carbon alcohols by. V. A. Yarborough ...
determination of gas impurities separable by condensation. A. S.

Newton .
deuterium analysis by, water sample preparation for. F. P.

Chinard and Theodore Enns " .
of organic compounds, molecular structure-mass spectra correlation.

1. W. Kinney, Jr., and G. L. Cook (corr.) .
water contaminants determination by. F. W. IVlelpolder et al .

l\1EETINGS (reports of, and abstracts of papers)
American Academy of Forensic Sciences.
American Petroleum Institute. . . . . . . .. . .
Emission Spectroscopic Determination ~f lVletals in Nonmetallic

Samples .

767

983

989

908
290
867

764

1431

347

1833

1628

1830

1160
30

823
148

856
1369

1376

Instrumentation, automatic control (ed.) .
INSTRUMENTATION (monthly column). R. H. MUller

current practices; improved precision through jitter; voltage regu-
lator tubes. . . . . . . . . . . . . . . . . . ... . . . . . . . 23A(No. 1)

electronic devices fOF counting 21A(No. 6)
inorganic thermogravimetric analysis ', .21A(No. 2)
inverse feedback in closed-loop servo-systems; high vacua; cata-.

phoresis...... . . . .. .. .. .. . . " 23A(No. 9)
National Bureau Standards program 23A(No. 11)
optical components, phototllbes, and electronic ciruitry in spec-

trophotometry 19A(No. i2)
precision recording refractometer; automatic weighing; contact

potentials 27A(No. 3)
recording spectrophotometer converts Beckman l\tlodel DU

monochromator to more sensitive automatic recording in-
strument; color and constitution of compounds 23A(No. 7)

reference resonators, measuring small time intervals, monitoring
dust hazards, vacuum tube voltmeters, cadmium sulfide .... 17A(No. 10)

Second Analytical Instrument Clinic of Instrument Society of
America 17A(No. 8)

standard illuminants, transistor theory and applications, nuclear
magnetic resonance spectrometry, photometer with logarithmic
response 27A(No. 5)

ultramicrotome; microwave transmission 27A(No. 4)
Iodates, precipitation from homogeneous solution. C. R. Stine and

Louis Gordon ,. . . . . .. . .. 1519
Iodide, amperometric titration and voltanllnetric determination of.

1. M. Kolthoff and Joseph Jordan ..
IODINE

distillation of, and application to determination of protein-bound
iodine in serum. G. H. Ellis and G. D. Duncan.. . . . . . . . . . . . . .. 1558

sorption by starch, determination of. B. L. Larson et al. " . . 802
Iodometry, barium thiosulfate Inonohydrate as a standard for.

W. M. Mac Nevin and O. H. Kriege ..
ION EXCHANGE

resins, platinum group metals separation by. W. M. Mac Nevin
and W. B. Crummett ...

See also Cation exchange.
IONS

hydrolyzable, free acid determination in presence of. L. P. Pep-
kowitz et al. (corr.). . . . . . . . . . . . . . .....

metal, polarographic characteristics of, in acetate media. 1\'1. A.
DeSesa et at .

Iridium. See Platinum group.
IRON

in Atlantic and Gulf of Mexico surface waters. L. H. Simons et al..
cobalt determination in presence of, by rapid photometry. J. N.

Pascual et ol .
determination, analog of cupferron in. R. E. Oesper and R. E.

Fullner ' , ,
determination in chromium Ores. W. H. Hartford .
determination in cobalt oxide. J. H. McClure and R. E. Kitson .
determination, as ferric sulfate complex, by spectrophotometry.

Robert Bastian et at .
determination with nitroso R salt, by colorimetry. J. A. Dean

and J. H. Lady .
determination in presence of sulfate by iodometry, effect of cuprous

iodide on. E. W. Hammock and E. H. Swift..... . . .. . . . . .. . .. 1113
determination in presence of uranium by spectrophotometric

titration with cerium sulfate. C. E. Bricker and P. B. Sweetser ..
determination in serum or plasma, by spectrophotometry. R. E.

der.~~l~~~i~~'i;" ~;li~~ie's: ';e'~,il;'i~;~ '~~th~d: . 'R: 'il: 'C~;~y and 1337
M. L. Jackson " .. , , " , .

determination, simultaneous, with copper, with ethylenediamine-
tetraacetic acid. A. L. Underwood " .. .. .. . . .. .. 1910

determination in soils, by titration with Versenate. K. L. Cheng
et al. , .

determination by spectrophotometric titration, with Versenate.
P. B. Sweetser and C. E. Bricker. . . . . . . . . . . . . . . . . . . . . . . . . . . 253

determination in titanium metal. H. A. Heller and R. W. Lewis. .. 1038
determination of trivalent, in iron ores, by polarography. R. N.

Adams et al. (corr., 1313) , " .. " .
elements determination in, review of methods for. H. F. Beeghly ..
separation from earth acids. C. F. Hiskey and A. L. Batik. .
silicon determination in, by photometry. C. L. Luke .
trivalent, thiocyanate complexes, extraction with butyl phosphate.

Laben Melnick et at.. . ... .,.
uranium determination in presence of. Louis Silverman et al..

Isomorphs, hexagonal, diffraction data for. L. K. Frevel and H. ,v.
Is~i~~ti;'i~ '~~id' hyd;':zid~, '~sti~,;'ti~'; .~i,' by' ·c;'i~;i;';~irY.· . E.' L. 1697

Pratt... 814
Isopropoxides, metal, spectra of. J. V. Bell et al.... 1720
Isovaleraldehyde, determination in succinic acid. Si~ph~n' Dal

Nogare and John Mitchell, Jr .

L

Kerosine. See Petroleum.
KETONES

aldehydes determination in presence of. Sidney Siggia and Eileen
Segal. , , .. . . . . . . . .. . . 640

identification of. J. H. Ross. . . . . . . . . . . . . 1288
review of analytical methods for. Ernest Guenther and E. E.

Langenan. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
Kjeldahl apparatus, micro-, modification of Parnas-Wagner-Pregl.

E. H. Sheers and M. S. Cole (correspondence, 1775) '" 535
Kjeldahl method. See Nitrogen analysis.
Komarowsky reaction applications. Stephen Dal Nogare and John

Mitchell, Jr.... . , .. 1376

K

LACQUERS
nitrocellulose and combined phthalate determination in. W. E.

Shaefer and W. W. Becker. . . . . . . . . . . . . . . . . . . . . . . . . . . . 1226
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4-Naphthalenesulfonic acid, 1-(1-hydroxy-2-naphthylazo)-2-hydroxy
5-nitro-, as reagent for colorimetric determination of magnesium.
A. E. Harvey, Jr. et al ' .

NAPHTHENE
ring determination in petroleum fractions. C. C; Martin and

Albert Sankin .
See also Aromatics

1-Naphthoic acid, crystallographic data for. W. C. McCrone ....
Nesbitt absorption bottle. C. F. Ellis and H. G. Durham....
NICKEL

alloys, silicon determination in, by photometry. C. L. Luke..
boron determination in presence of. Herman Blumenthal '~~d

William Fall ·.···.·.·.·
determination in cobalt oxide. J. H. McClure and R. E. Kitson...
determination with ,8-mercaptopropionic acid, by spectropho-

tometry. J. B. Lear and M. G. Mellon .
determination, simultaneous, with copper and cobalt, as diethyl-

dithiocarbamates. J. M. Chilton .
determination by spectrophotometric titration, with Versenate.

P. B. Sweetser and C. E. Bricker .
Nickel salicylaldoxime and nickel dimethylglyoxime. structure of.

L. L. Merritt, Jr. ..
NIOBIUM

determination in stainless steel. N. E. Gordon, Jr. et at..
determination in stainless steel. Luther Ikenberry ...
determination by ultraviolet spectrophotometry, J. H.' K~~~~l~

meyer and Harry Freund ' .
determination using radioisotope tracer technique. T. F. Boyd and

Michael Galan .
extraction from fission product elements. E. M. Scadden and N. E.

Ballou .
iron and manganese separation in determination of tantalum and.

C. F. Hiskey and A. L. Batik .
simultaneous spectrophotometric determination ,,,ith tantalum.

ta~tafu'J:~~~~;:i~~i~~;';. P.e. St~~~~;,;n: ~;'d' iI·. '0: Hi~~: : : : : .
NITRATES

determination in plant materials. G. B. Jones and R. E. Under-

deteor~i~~ti~~'by' 'p~l~~~g;~phy: . ·w. '..\: 'La~r~~'c~ 'a:~ci' ii: ·M·.
de~~~~~~'ti~~ 'i~' ~a:n:i t~;y '~n:~ly~is', 'by 'p~I~;~g~a:phY" . '1\{ .c: R~~d

and Hovhaness Heukelekian .
determination in sodium nitrite. C. L. Johnson.

NITRITES
as contaminants in precipitation of barium sulfate. C. A. Streuli
~~......................... .

determination with 4-aminobenzenesulfonic acid, by ultraviolet
spectrophotometry. J. M. Pappenhagen with M. G. Mellon ....

determination by polarography. D. T. W. Chow and R. J. Robin-

es:i~~ti~n:~i:by 'a'r~lp~~~;n:e't~ic' tit;~t'i~~:' s. T. Hi·ro~~~..:a and R. C.
Brasted .

NITROCELLULOSE
determination in lacquers. W. E. Shaefer and W. W. Becker .....
nitrogen determination in. 'V. E. Shaefer and W. W. Becker. ..

),iITROGEN
determination of ammonium, amide, nitrit.e, and nitrate, in plant

extracts. J. E. Varner et al .
determination in blood, by heating in pressure cooker. A. C.

Kibrick et at.. . . . . . . . . . . . .....
determination, Kjeldahl, reduction preliminary to digestion. S. M.

de:ro~?~a~i:~:';';ic~~:Kj~ici~hi~p'p~r~t;'~'i~r·.· . D.' J:j~~ci~~ '~~d
D. B. Taylor ' .

determination, microquantitative, in organic materials (rev.).
Wolfgang Kirsten .

determination, lllodified Kjeldahl. C. H. Perrin _ .
determination in nitrocellulose. W. E. Shaefer and W. W. Becker. .
determination in shale and residual oils. V. Z. Deal et al .
determination of total, in petroleum distillates. Charles Wankat

and J. G. Gatsis. .. .. . . ..
determination in wastes, pH adjustment in. C. N. Sawyer ...

NITROGEN CO~IPOUNDS

aromatic nitro compounds reactions with methyl, methylene, and
methine groups in presence of base.. J. J. Carr .

determination in tobacco leaves. W. G. Frankenburg etal .
in distillate fuels. I,. F. Ward et al .
separation of purines, pyrimidines, amino acids, and other com-

pounds by ion exchange chromatography. J. S. Wall. .
titration of heterocyclic, in nonaqueous solvents. J. S. Fritz and

M. O. Fulda .
titration of, reference electrode for. R. A. Glenn .

Nitrogen dioxide, analysis in luixtul'es with mass spectrometer.
R. A. Friedel et at.. ..•.

NITROGUANIDINE
and derivatives, determination by reduction with titanous chloride.

P. D. Sternglanz et at .
and nitroamino-, determination qf, in admixture, by spectro-

phot.ometry. J. E. DeVries and E. St. C. Gantz .
Nitroso R salt, iron determination with. J. A. Dean and J. H. Lady ..
NOMOGRAPHB

for converting per cent acetyl and per cent phthalyl in cellulose
acetate phthalates to numbers of acetyl and phthalyl groups per
glucose unit of cellulose. C. J. MaIm et al .

for converting per cent ethoxyl and per cent phthalyl in ethyl cellu
lose phthalates to numbers of ethoxyl and phthalyl groups per
glucose unit of cellulose. C. J. MaIm et al...
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L.

Fifth Delaware Chemical Symposium ...
National Committee on Sugar Analysis.
Pittsburgh Conference on Analytical Chemistry and' Appl'i~ci

Spectroscopy. . . . . . . . . . . . 516
Regional Conclave. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1931
Section of Analytical Chemistry, International Union... . . . . 1575
Society of Applied Spectroscopy. . . . . . . . . . . . . . . . . . . . . . . . . . . 1128
Society of Public Analysts 200, 530, 678, 995, 1129, 1576, 1936
Symposium on Modern Methods of Analytical Chemistry. . . . . . . 356
Symposium on Physical Microchemical Methods of Analysis. . . . 201
XXVIth International Congress of Industrial Chemistry. . . . . . . . .. 1574

lVlelting points. thermometer calibration for determination of capil-
lary. S. C. Bunce , .

Mercapt,ans. See Sulfur compounds.
Merck Fellowship .
MERCURY

determination with 2-(o-hydroxyphenyl)-benzimidazole. .T.
Walter and Henry Freiser. . . . . . . . . . . . . . . . . . . . . . . . .. . .....

determination and separation from other heavy metals. IVIihir

m';;'~~~I~;L~~lP~~~d~: ~~~~ti~;'~ ~ith ~;';~l~~i~: . \V. N.i,ips~ 1406
comb ...

}\1J;OTALS

eleGtr.o~ic microanalysis of. Raymond Castaing and Andre 724

extr~~~l~~' f~~;; 'a"q~~~~s' 's~i~ti'o'n's~ '~~~t'yl~~~t~~~'~s 'soiv~~t '~~d
reagent in. J. F. Steinbach and Henry FreiseI'. . . . .. .

ferrous, review of analytical methods for. H. F. Beeghly ...
ions of, polarographic characteristics of, in acetate media. ·1\<i.· ~~'.

DeSesa et at.. . . . . . . . . . . . . .
oxides of less familiar, oxygen determination in.. ii.· R. Fio~ks'tr~

and J. J. Katz... .. .. .. . . . . . . .
review of analytical methods for. M. L. Moss..
separation of, by micro mercury eathodes. R. B. Hahn..
See also Elements, trace.

METHANE
chloro derivatives of, determination in presence of chloroform, by

infrared and mass spectrometry. R. B. Bernstein ~t (l,l ...
determination in synthesis gas. G. L. Barthauer et (,l ..

METHANOL
determination by oxidation with nitric acid solutions of quadri

valent cerium. D. A. Skoog and Sister Monica (Marie Budde) ...
polarography of zirconium salts in. E. L. Colichman and W. H.

Ludewig.. .... . . . . .. .. .. . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 1909
solutions with ethanol and with acetone, and solutions with ethanoL

acetone, refractive indices and bubble points. H. H. Amer et at... 1204
j\!Iethine groups, reaction with aromatic nitro compounds in presence

of base. J. J. Carr. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1859
Methionine, sulfur compounds from decomposition of, determination

of. William Segal and R. L. Starkey. . . . . . . . . . . . . . . . . .. " ... 1645
Methoxychlor. See Ethane, 2,2-bis(p-methoxyphenyl)-I, I, I-tri-

chloro-.
.l\IIethyl groups, reaction with aromatic nitro compounds. J. J. Carr.
lVlethylene-bis- (N-pyrrolidone-2-carboxylic acid), crystallographic

data for. F. T. Jones et at. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1929
JYlethylene groups, reaction with aromatic nitro cornpouIlds, in pres-

ence of base. J. J. Carr , . 1859
l\1icroscopy, improved illumination for opaque objects. "V. L. Scott.. 1138
Microtome (col.). R. H. Muller. , .. .. 27A(No.4)
Microwave transmission (col.). R. H. Muller 27A(No. 4)
Milk, calcium and magneSiUnl determination in. Robert Jenness. 966
Mineral oils. See Petroleum.
MINERALS

analysis by spectrography. C. L. Waring and C. S. Annell.
determination in rocks, by infrared spectroscopy. J. M. Hunt and

lVIixt~~e~: ~~~~~~i~i~g' 'o'~e' .~~l~;p~~~d' i~: 'by .~p~~tr~ph~t~~1:1etrY·. 1169
Eugene Allen and William Rieman III. .

. l\IIoisture. See Water.
Molecular structure, of chelate complexes and chelating molecules

(rev.), L. L. Merritt, Jr. ..
MOLECULAR WEIGHT

determination of, by use of thermistors. R. H. Muller and H . .I.
Sto1ten , .

determinations by ebullioscopy. C. A. Glover and C. P. Hill .. ,
x-ray techniques for determination of. M. E. Straumanis ....

Molecules. structure of, eOlTelation of infrared spectra with. Joseph
Bomstein .

1VIoLYBDENUM
determination by colorimetry, with mercaptoacetic acid. Fritz

Will III and J. H. Yoe.
determination by emission spectrography. R. G. Keenan and

C. E. White...
determination in molybdenum-titanium alloys. George Norwitz

and Maurice Codell ..
determination in presence of tungsten. Louis l\1eites.. . ..
determination in stainless steel. N. E. Gordon, Jr., et al.. ..
determination in titanium alloys, by polarography. Maurice

Codell et al.. . . . , .
deternlination by ultraviolet absorption spectrum of thiocyanate

complex. G. E. Markle and D. F. Boltz .
MONAZITE

thorium determination in, in presence of rare earths, by ampero-
metric titration. Louis Gordon and C. R. Stine. . . . . . .....

thorium determination in, by spectrophotometry. C. V. Banks and
C. H. Byrd. . . . .

Mulling of microsamples. J. S. Ard. . . .. , .
IVlulls, preparation of, of rubbery materials. R. E. Rippere .

o
N

Naphtha, analysis for benzene, cyclohexane, and methylcyclopentane,
simultaneous. by mass spectrometry. Seymour Meyerson. . . . . . 338

Naphthalene, determination in wash oil and coke oven gas. N. J.
Klein and G. W. Struthers. . . . . . . . . . . . . . . . . . . . . . .. 1818

2,7-Naphthalenedisulfonic acid, 4,5-dihydroxy-, reaction of, with
titanium. W. W. Brandt and A. E. Preiser. . . . . . . . . . . . . . 567

Oil shale, estimating oil yield in lean. K. E. Stanfield.. 1552
OILS

essential, identification of constituents of, on chromatostrips.
J. M. MiJler and J. G. Kirchner. . . 1107

essential, review of analytical methods for. Ernest Guenther and
E. E. Langenau.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

water determination in. R. Y. Meelheim and J. N. Roark. 348
See also Petroleum and Wash oil.
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OLEFINB
separation from Bradford crude oil. R. E. Putscher (corr.) .
substituted, infrared band correlations for. R. E. Kitson .

Oligosaccharides, fermentable, determination in carbohydrates, by
yeast formation. S. C. Pan et at .

ORES
analysis by spectrography. C. L. Waring and C. S. AnneU .
copper determination in, with 2,2/~bipyridine. J. P. Mehlig and

P. L. Koehmstedt ' .
sulfur determination in. W. G. Rice-Jones .
tantalum determination in, by ultraviolet spectrophotometry,

J. 1. Dinnin .
See atso Rocks.

ORGANIC ACIDS
identification of, by circular paper chromatography. J. W. Airan

etal .
salts of, determination of, by use of cation exchange resins. C. H.

Van Etten and M. B. Wiele.. . . . . . . . . . . . . . . . . . . . . . . . . . .. .
in sugar beets, fractionation of, by ion exchange resins. H.' S·.
O_nsd~ .

ORGANIC COMPOUNDS
chlorine and bromine determination in, micromethod for. L. J.

Lohr et al .
determination by dichromate oxidation. N. F. Schulz .
identification by infrared spectra of their pyrolysis products.

D. L. Harms .
identification by mass spectra-molecular structure correlation. I.

W. Kinney. Jr., ana G. L. Cook (corr.) .
oxygen determination in. W. H. Jones .
oxygen determination in, semimicromethod for. R. D. Hinkel and

Raphael Raymond .
persulfate determination in. 1. M. Kolthoff and E. !VI. Carr .
sulfides determination. W. M. Houff and R. D. Schuetz .
sulfur determination in, by amperometry. F. L. Rulfs and A. A.

Mackela .
sulfur determination in, by nephelometry, micromethod for.

Gerritt Toennies and Bohdan Bakay .
sulfur and halogen determination in, automatic combustion appar-

atus for. T. T. White et al .
tellurium determination in, by titration. F. H. Kruse et at. .

Oscillators, high frequency, reaction rate Ineasurement with. D. G.
Flom and P. J. Elving .

Oscillometer, high frequency, application of, in titration in non-
aqueous solutions. W. F. Wagner et al .

08~t:IUM

determination by polarography. 1. M. Kolthoff and E. P. Parry.
quantitative organic precipitants for. 1. Hoffman et at .
See also Platinum group.

OXALATES
determination by indirect colorimetry. Fernando Burriel-lVlal'ti
d~ .

determination by perma.nganate titration, sulfuric acid effect in.
R. C. Brasted .

Oxidant, in air, continuous recorder for. F. E. Littman and R. W.

Ox~3:ti~~~'i;';"~~iig~ii~;"~i ~~~~tio;'~:by' p~i':r~g~~j,i-.Y· ,,:. 'F: G~YI~~
et at.. . . .. .. .. .. ..•........... .. . .

OXYGEN
determination in chromium, by vacuum fusion analysis. W. S.

Horton and Joseph Brady .
determination of dissolved, semimicromethod for. E. L. Harper .
determination in gases, continuous indicator for. M. G. Jacobson
determination in inert blanket gases. L. P. Pepkowitz and E. L.

Shirley .
determination in less familiar metal oxides. H. R. Hoekstra and

J. J. Katz .
determination, microquantitative, in organic materials (rev.).

Wolfgang Kirsten .
determina.tion in organic compounds. W. H. Jones .
determination in rubber. A. D. Kirshenbaum and A. G. Streng .
determination, semimicro, in organic substances. R. D. Hinkel

and Raphael Raymond .
OXYGEN COMPOUNDS

polarographic studies of. Constantine Ricciuti et al .
separation from hydrocarbons by adsorption. Jacob Entel et al. .

Ozone, rubber protection against, evaluation of agents for. K. E.
Creed, Jr., et at.. . . . . . . . . . . . . . . . . . . . . .

PETROLEUM
aromatics determination in. Joseph Bomstein. . . . . . . . . . . . . . . . .. 1770
carcinogenicity of, predicting by nonbiologicallaboratory methods.

co~pe~'d~t~~~t:~ti~;"i;"~~d 't~~;'~i~;~~~o'iis:''H;'~b~~t B~~b."'~id 1500
and L. G. Wood. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 664

crude oil. aliphatic sulfides determination in, by spectrophotom-
etry. S. H. Hastings.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -120

crude oil, biphenyls in West. Edmond. N. G. Adams and D. M.

CY~~h~~~:nd~i~;~;~aiiO;"i;'; 'by' inir~;'~d' ~p~~iro;';~trY .. d.' ii. 1073
Hammer and H. R. Roe. . . . . . . . . . .., . 668

distillate fuels, nitrogen compounds in. L. F. Ward et al. '. . . . . . . .. 1070
distillates, disulfides determination in presence of thlOls In. T. E.

Earle....... . . . . . . 769
distillates, total nitrogen determination in. Charles Wankat and

J. G. Gatsis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1631
fractions, aromatic and naphthene rings determination in. C. C.

Martin and Albert Sankin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 206
high aromatics characterization by chromatography. L. T. Eby. .. 1057
hydroperoxides determination in products. D. C. Walker and

H. S. Conway. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 923
nitrogen determination in. V. Z. Deal etat......... .... .... . . . .. 426
oil, neutral, determination in sulfuric acid sludges from petroleum

refining. F. T. Weissetal............. . .
olefins separation from Bradford crude oil. R. E. Putscher (corr.) ..
oxygen determination in. W. H. Jones .
polynuclear aromatics identification in, by spectrophotometry.

Robert Schnurmann et al .
porphyrins determination in. Sigurd Groennings .
review of analytical methods for. Harry Levin .
sulfite and sulfate determination in sodium petroleum sulfonates.

B. E. Gordon and R. S. Urner............... ... .
sulfur compounds determination in, by polarography. M. E. Hall ..
trace element determination in, comparison of spectrographic and

semimicromethods. G. V. Dyroff etat........ . . ... .. ..... . . .. 1898
waste water, oil determination in. W. S. Levine etal.. . . . . . . . . . .. 1840
See also Gasoline, Hydrocarbons, Lubricating oils, Shale oil, etc.

Pharmaceuticals, x~ray diffraction in research and testing on. S. F.
Kern .

Phenanthrene. See Aromatics.
1,10-Phenanthroline, 2,9-dimethyl-4,7-diphenyl-, as reagent for

copper determination. G. F. Smith and D. H. Wilkins .
Phenol, 4-methyl-2,6-di-tert-butyl-, determination in lubricating oils,

by infrared absorption. Emil Poti et at " 1461
Phenol, o-phenyl-, determination with titanium sulfate, by spectro~

photometry. P. H. Caulfield and R. J. Robinson.. . . . . . . . . .. . . . . 982
PHENOLS

anodic voltalnmetry of. J. F. Hedenburg and Henry Freiser. . . . .. 1355
determination by titration in nonaqueous solvent.s. J. S. Fritz and

R. T. Keen.......................................... 179
determination in water. C. E. Headington et at.. . . . . . . . . . . . . .. 1681
differentiation of chelating from nonchelating. Saul Soloway and

Perry Rosen.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 595
polarographic oxidation of compounds of. V. F. Gaylor et at.. . . . .. 1078
review of analytical methods for. Ernest Guenther and E. E.

Langenau .

se'j~D~iB~it1Zn~~rt.iti~~ .c.hr.omatograph
y

T: .~.' . Sw.
eene

:. .and 1358
volatile, determination in cigarette smoke. C. H. Rayburn et al.... 1419

Phenol sulfate, p-methylamino-, coulometric titration of. N. H.
Furman and R. N. Adams. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1564

Phenylhydrazoncs. See Hydrazones.
PHOSPHATES

analysis of mixtures of sodium pyro· and tripoly-. A. J. Mahis and
O. T. Quimby. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1814

determination by differential spectrophotometry. Allen Gec and
V. R. Deitz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1320

O,O-diethyl-O-ethylmercaptoethyl thiophosphatc and isomer, detcr
mination in Systox. Kenneth Gardner and D. F. Heath. . . . . . .. 1849

rock, rare earths and thorium determination iJl. C. L. Waring and
Henry Mela, Jr , .

separation of, from calcium ions, by electrochromatography. T. R.
Sato et al. (corr., 839) .

solutions, uranium(VI) determination in. J. 1\1. Schreyer and
C. F. Baes, Jr .

Phosphomolybdic acid, reduction of, by compounds containing con-
jugated double bonds. Shlomo Burstein. . . . . . . . . . . . . . . . . . . . . . . -122

Phosphonium chloride, tetraphenyl-, as analytical reagent. H. H.
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Phosphorous acids, determination by iodometry. R. T. Jones and
E. H. Swift. 1272
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electronic controller for. F. J. Digney and Stephen Yerazunis .....
maintaining constant, in gas flow systenl. Alban Charnley a.nd

G. L. Isles , .
Proceedings of the International Congress on Analytical Chemistry.~..
Propellants, analysis of, by infrared spectroscopy. Frank Pristera ...
1.2-PROPYLENE GLYCOL

determination in ethylene glycol mixtures. C. B. Jordan and V. O.

de~~~~~~ii~~ i~ 'p~e~~~~~ 'o'f'~t'};yl~~~' gIYc~i.· . 'St~ph~~' ija:l' N"ag'a'r~
and John Mitchell, J r ...... _

PROTEINS
determination of, gravimetric, v.;ith trichloroacetic acid. F. L.

Hoch and B. L. Vallee , , ' , .. _, .. ' , , , . ' _
lyophilized, estimation of water content of small amounts of.

Harry Sobel. , _, , ' , , '
PUNCHED CARDS

automatic' identification of mixtures fronl infrared data on. A. W.
Baker et al. ,. " , , , , , , , , , ' , ,

in computing Fourier syntheses in x-ray crystal structure analysis.
C. R. Hudgens and A. M. Ross , . ' , ,. ,. ' ..

Purines separation from pyrimidines, amino acids, and other nitrog
enous' compounds by ion exchange chromatography. J. S. Wall....

PURITY
determination, calorimeters for. J. T. Clarke et al .. ..
determinations by extraction-solubility Inethod. V. A. Stenge~

etal , ..
Pyrazinamide, determination in blood and urine. W. S. Allen et al .. ..
Pyrene, identification in petroleum fractions. Robert Schnurmann

P::e~~;i;,~:d~t·e~mina·ti~~b'y ~~i';ri~et~y: . 'C;p;i;';';;C~~t~ ;';''d W: E.
Dale ", ,. __ .. ,." , ,., _ """ .

Pyridazine-3,6-dione, l,2-dihydro-, determination in plant or animal
tissue. P. R. Wood , , , , , . , .

Pyridines. alkyl, identification of picrates of, by x-ray diffraction.
G ..r. ,Tanz and Raymond Solomon (corr., 1775) , . ,

Pyrimidines, separation from purines, amino acids, and other nitrog
enous compounds by ion exchange chromatography. J. S. Wall ....

Pyrogallol, tantalum determination with. J.1. Dinnin .
PYROLYZATES

of organic materials, identification of material'S by infrared spectra
of. P. F. Kruse, Jr., and W. B. Wallace. , .. , , , , , . , . , .

of organic materials. infrared spectra of. D. L. Harms .
N-Pyrrolidone-2-carboxylic acid, Inethylene-bis, crystallographic

data for. T. F. Jones et at., ' , .
Pyrrolidone, polyvinyl-, determination in aqueous solutions and in

body fluids. G. B. Levy and David Fergus .. _, . ' ' , . , .

R

Q

Quality control, laboratory precision and specification limits in.

Qu~~c~ti~e~;~~~g~~tf~; ~~i~;i~e·t.~i~~ir~~~il~~~d~i~;~i~~ti~~· F: ·S·.
Grimaldi and C. E. White _.. , ' .

8-QUINOLINOL
in colorimetric determination of vanadium. N. A. Talvitie ..
derivatives of, paper chromatography of cations with. Q~i~t~~

Fernando and J. P. Phillips .. , . , ' ,.. , , '" , .
in fluorometric determination of aluminum. Edward Goon et al.

str~~[~~~l~l~~;';piexe'"of. L. L. Merritt, J;.'... , : : : : :: :: : : : : : : :

RADIOACTIVATION ANALYSIS
calculation of tracer carried with preeipitates in. F. W·. Lima. . . .. 1924
measurement of carbon-14-labeled material. J. H. Peters and H. R.

us~~tl~a:nlev~i neutro~' ~~~~~~~... W. W ~ . Mei'~k~ .~~d' R. E.
Anderson . . . . . . . . . . . . . .. . . . . . . . . . 778

Radioelelnents, analysis of mixtures of, by gamma-beta scintillation 109"
spectrometer. R. E. Connally and M. B. Leboeuf. . . " v

Radionuclides. See Radioelements.
RADIUM

concentration of, by fractional precipitation of barium-radium
chromate mixtures. M. L. Salutsky etal. (corr.,1938) , .

determination by alpha counting. H. W. Kirby , , ..
determination in residues. C. A. Wamser et al .

RARE EARTHS
cerium separation from, by precipitation as iodate from homo-

geneous solution. H. H. Willard and Sylvia T'Sai Yu , . " 1754
determination in phosphate rock. C~ L. Waring and Henry Mela,

Jr '" , . , , '....... 432
europium determination in. D. C. Foster and H. E. Kremers.·. . . .. 1921
fractio.nation of, by precipitation from homogeneous solution.

LoUIS Gordon and K. J. Shaver ' , ..
thorium determination in presence of, by amperometric titration.

Louis Gordon and C. R. Stine ' .
Reactions, rate measurement with high frequency oscillator. D. G.

Flom and P. J. Elving " .. . .. . .. . 541
Refractive index, of methanol-ethanol-acetone and three related

binary solutions. H. H. Amer et at.. " 1204
REFRACTOMETERS

precision recording (coL). R. H. MUller 27A(No. 3)
precisioJl recording, for chromatographic analysis. N. R. Trenner

et al. " 1685
Refractometry, flowing solution analysis by. Harry Svensson. . . . . . . 913
Refractory compounds, analysis of, reduction preliminary to Kjeldahl

digestion in. S. M. Woods et at... , , , . , , , . . . . . 837
RESINOUS PRODUCTS

polystyrene determination in styrenated alkyd and styrenated
epoxy resins. M. H. Swann. . . . . . . . . . . . . . . . . . . . . . . . . 1735
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detcrmination in pbthalic anhydridc. Sidney Siggia and N. A.
:f'loramo. . . . . . . . . . . . . . . . .

determination in phthalic anhydride by spectrophotometry. M.
M. Agarwal and Frank Spagnolo. . . . . . . . . . . . . . . . . . . . . . . . . . . 1412

esters of, determination in plastics by polarography. G. C. Whit-
nack and E. St,. C. Gantz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553

Phthalic anhydride, phthalic acid determination in by spectrophotom-
etry. M. 1VI. Aganval and Frank Spagnolo ..... '. . . . . . . . . . . . . . . .. 1412

Picrates, of alkylpyridines. identification by x-ray diffraction. G. J.
Janz and Raymond Solomon (carr., 1775) .

dl.-Pinic aci.d It c.rystallographic data for. John Krc, Jr..
PIpet, modIfied Koch-buret type. C. H. Whitnah ... , . ,
PLAN"I' MATERIALS

ammonium, amide, nitrite, and nitrate nitrogen determination in.
J. E. Varner et at ... , . ,

copper determination in. . K.· L: 'Ch~~g '~~d 'R: :fi.' Br'a'y,' " ~ : : :
fluoride determination in. R. J. Rov¥'ley et al... . .
fluorine determination in. L. F. Remmert et al..
nitrate nitrogen determinat.ion in. G. B. Jones and R. E. Underdown
nitrogen compounds determination in. W. G. Frankenburg et al..
rubber-bearing, rubber hydrocarbon determination in. J. "V.

Meeks et al. , , .. , , .. , , ' , , . , , . , . , . , , . , , , , , , 1535
sodium and potassium determination in extracts of, by flame photom-

etry. H. M. Bauserman and R. R. Cerney, Jr ' , 1821
spectrochemical analysis of. \V. T. A'1at-his. 943
See also Tissue, plant.

Plasma. See Biological materials.
PLASTIC MATERIALS

phthalate ester determination in, by polal·ography. G. C. Whit-
nack and E. St. C. Gantz. , . , , , . . . . . .

weathering of, apparatus for testing. J. \V. Tamblyn and ·G. .1\1.
Armstrong........................... . .

See also Polymers, and Resinous products.
PLATIKUM GROUP

analysis. W. M. lV1acNevin , .
chemical methods for separating and determining lnetals in ma-

terials containing. Raleigh Gilchrist. 1617
concentrating and dissolving metals of. F. E. Beamish ~~d·W. A.

io~~x~1c~~~:'P~~P~~ti~~'~f:' ·'V.· ~i.· ~:r~~N~,~i~' ~~d·W:B·. 'C~~l~l~ 1613

pall:jf~~'s'e'IJ'a:r~ti~~f;~~; pia:t'i~~~l'l,'iridi~~l', 'a'~d ~h~di~~.··a.·j:£. 1628
Ayres and E. W. Berg,. , ... , . , . , ' , ..... _.... . , . . . . . .... 980

reactions involving colored complexes of metals of. G. H. Ayres. .. 1622
Polarograms. of mixtures of fumaric and maleic acids, and their di-

ethyl esters. P. J. Elving et at... 1082
POLAROGRAPHY

application of large polarized mercury pool electrode. C. A.
Streuli and W. D. Cooke., , . , , .. , . , . . 1691

of benzothiophene-l-dioxide and derivatives. Philip Smith et al.. . 793
cell for anodic reactions in liquid hydrogen fluoride. J. W. Sargent

de~~:~~i'n~tia'~'~f' ~itr~t~~ 'i~' ~~~it'a'r); ~~~iy~i~:' ·lVi.· C.' Ra:~d '~~d 1727
Hovhaness Heukelekian. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 878

diffusion current theory in automatic analysis with. L. D. Wilson
and R. J. Smith ........,. . . 218

flowing samples analysis by. L, D. Wilson and R. J. Smith ..... 218, 334
oi lead driers. D. A. Skoog and R. L. Focht. . . . . . . . . . . . . . . . . . .. 1922
measuring resistance of cell circuits for. M. R. Pesce et al.. . . . . . . . 979
of metallic ions in acetate media. 1\'1. A. DeSesa et al. . . . . . . . . . . . . 983
new journal on.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1776
of organochlorosilanes. E. A. Abrahamson, Jr., et al. (corr.)... . . . . 439
of oxygen-containing compounds. Constantine Ricciuti et al... . . . . 933
of phthalate esters in plastics. G, C. Whitnack and E. St. C. Gantz 553
potentiometric,(corr., 1313). R. N. Adams et al. (corr., 1313).. . . .. 1160
sensitivity extension with rotatingamalga'm electrodes. W. D. Cooke 215
solid electrode for oxidation reactions of organic compounds. V. F.

Gaylor et at ' . . . . . . . .. ".............. 1078
stationary mercury-plated platinum electrode for. T. L. Marple 1351

and L. B. Rogers. . . . . . . . . . . . . . . . . . . "56
of sulfur compounds in petroleulll_ fractions. ~1. E. Hall. . . . . . . . . . ...
of zirconium salts, in methanol. E. L. Colichman and W. H. Lude- 1909

wig................ . .
POLYMERS

identification of, by infrared spectra of their pyrolysis products.

ide~ii~~~~:~i,. by' i~ir~~~d' ~p~~tr~' ~f' t}~~i~' py~~iys'i~ .p~~d~~ts·. 1140
P. F. Kruse, Jr., and W. B. Wallace .. , , . . . . . . . '. . . . . ..... 11.56

See also Plastic materials and Resinous products.
Polylnorphism, identification of forms by infrared spectroscopy.

D. N. Kendall ,", c., ".... 382
Porous materials, determination of size distribution of macropores in.

Sabri Ergun and Jack Owen...... , . . . . . . . . . . . .. 1222
Porphyrins, determination in petroleum.. Sig~~d Groennings.. . . . . . . 938
POTA3SIU:\I

determination with dipicrylamine. Roger Faber and T. P. Dirkse ..
determination, micro-, in biological materials, by flame photometry.

n, R. Kingsley and R. R. Schaffert , , . .. 1738
determination in silicates. semimicro nlethod. R. B. Corey and

M. L. Jackson ' , _, . . . . . . . . . . . . . . . . . . . . . . . . 624
determination in viscous solutions or plant extracts, by flame

photometry. H. M. Bauserman and R. R. Cerney, Jr.. . . . . . . .. 1821
Potassium acid phthalate, thermal stability of. E. R. Caley and

R. H. Brundin ' , . , , . , ' , .
Potassium borohydride, assay of. S. "V. Chaikin .
Pf~:'SiuJ~E:lli~~t ~~te~I~~~~~ion with silver nitrate, titration curve 1650

Potassium iodide, t.hallium dete'rrnination in, by' ~~di~~c·ti~~ti~~·.
C. J. Delbecq et at.......... _ _ _'" ......... _......... 350

Potato st.arch past.es, viscosity measqrement of. A. H. A. de Willigen. 314
Potentials, contact (col.). R. H. MUller, ' , , , , 28A(No. 3)
POWDERS

analysis of mixtures of, with the Geiger-counter spectrometer.
H. P. Klug ,....... , "., .,. , .

analysis of, by x-ray diffraction-absorption technique. Jean 740
Leroux et al......... . .

PRECIPITATES

gelatinous, rapid filtration and drying of. R. H .. Pierson...... . . .. '939
tracers carried with. F. W. Lima. , . . . . . . . . . . . . . . .. 1924

PRECIPITATION
in homogeneous solution. P. J. Elving and W. C. Cook .
from homogeneous solution. Louis Gordon et al. .
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sulfonated polystyrene, effect of Cross Linking on swelling in water.
Calvin Calnlon .

See aleo Plastic materials and Polymers.
Resonators,,.eference (col.). R. H.1VIilller 17A(No. 10)
ReVIews of analytical chemistry. See Chemistry, analytical.
RheniuDl, determination by colorimetry. J. IV!. Beeston and J. R.

Lewis , .
RHODIUM

activation analysis for. W. W. Meinke and R. E. Anderson .... _
:jee also Platinum group.

Riboflavin, assay for, using L. casei. M. F. Clarke .
ROCKS

analysis by spectrography. C. L. Waring and C. S. Annell. . .. . . .. 1174
mineral determination in, by infrared spectro~opy. J. l\!I. Hunt

and D. S. Turner .
S •• also Ores.

RUBBER
flexibility of, test for. D. G. Stechert. . 1730
latices, mechanical stability test for .. ·S.· li: ·1Vi~J.:o·n: and 1. .~(

U1evitch '" " .
oxygen determination in. A. D. Kirshenbaum and A. G. Streng .
preparation of IUUUs of. R. E. Rippere .
review of analytical methods for. Norman Bekkedahl. .
rubber hydrocarbon determination in rubber-bearing plants. J. 'V.

Meeks.t at.. .
S •• also Elastomers, G R-S, and Latex.

Rubidium. See Platinum group.

Sodiulll aluminate, analysis of solutions of. H. L. "'atts and D. W.
Utley...................... . .. . .. .. . . ... . . .. . . . .... 864

Sodium borohydride, assay of. S. W. Chaikin.. . . . . . . . . . . . . 831
Sodium carboxymethylcellulose, determination of a'cti~e '~ge'~t' ~~~~

t~nt and degree of substitution. C. V. Francis , .
Sod~um c~a~ide. ~eaction of, o~ cupric ammonia. R. K. McAlpine .
Sod~um nltnte, mtrate determination in. C. L. Johnson .
Sodlum petroleum sulfonates, sulfite and sulfate determination in

B. E. Gordon and R. S. Urner.. . . . . . . . . . . . . . . . . . . . . . . .
Sodium triphosphate, estimation by improved zinc titration' ~eth~~i.
So~'sN. Bell.t al. (corr.) '" . . . .

arsenic determination in. Hy Almond .
cobalt determination in. Hy Almond .
copper determination in. K. L. Cheng and R. H. Bray .
iron determination io, by titration with Versenate. K. L. Cheng

.t at '" .. .. . . . . . . .. . 347
zinc det~rminationin, after separation of copper a~d ·c·o·ba:lt.' . "A: E'.

MartIn .
SOLUTIONS

analysis of flowing, by refractometry. Harry Svensson... . . .... .. 913
h~mogeneous,coprecipitation from. Louis Gordon et al... . . . . . . . . 83S
VISCOUS, sodium and potassium determination in, by flame photorn-

SOLVe;~~~ H. M. Bauserman and R. R. Cerney, Jr .

for extraction of zirconium, niobium, yttrium group, and lanthanunl
group. E. M. Scadden and N. E. Ballou " .. .. . . . . .. 1602

for spectrophotometry (col.). R. H. Mililer 27 A(No. 5)
Specifications for Reagent Chemicals, appendix to.. . . . . . . . . . . . . . . . 365

V SPECTRA, INFRARED
automatic identification of nlixt.ures from punched card data.

A. W. Baker.t al " . . . . . 1457
Spr:~~~~u~a:structure correlation with. Joseph BO~l~tei·y{.: : : : : : : : : : 512

allethrolone. S. K. Freeman .
Sac.ch. carlsberyensis 4228, assay of vitamin B6 group with. Saburo androstane, A5-androstenol-3,9,ALandrostenedione-3,17. . H~~~~

Fukui. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1884 Rosenkrantz and Leonard Zablow. . . . . . . . . . . . . . . . . . . . . . . . . .. 1025
Salicylaldoxime, nickel complex of, structure of. L. L. IHerritt, Jr.. . . 718 anthraquinone and benzanthrone. K. B. 'Vhetsel. 1334
SalicyLamiae, crystallograpnic data for. W. C . .iVIcCrone and R. J. benzenes and gasoline fractions. wI. S. Norris and' N.· D.' C"a'g'g"e~

HinCh Jr 1277 shall......................................
Salts, in'ert:' d~t~~~i~~ti·o·n:·ci ·~~ier~~~~~t·i~~· il~;cirid~~ .i·n·.· . ivi: .b'. bis~uth, mercury, lead, and thallium. Charles lVI~~;itt,·j;.:~i ~i.·. ~

l:sanus and J .. B. Vetrano.. . . . . . . . . . . . .. . . . .. . . . .. 1268 corticosterone. Harris Rosenkrantz and Leonard Zablow
Samples, calculator for selecting weight of. R. C. Thompson. . . . . . 535 Idehydroepiandrosterone. Harris Rosenkrantz and Leona~d.·i~bi~,~
Sana, thorium determination in black. C. V. Banks et al.. . . . . . . . . . . 992 desoxrcorticosteronE!' Harris Rosenkrantz and Leonard Zablow...
Sapogenins, steroidal, infrared spectra of acetates of from plant a,-y-dihydroxy-p,p-dimethylbutyrolactone and calcium pantothe-

saponins. C. R. Eddy .t al .'. . . . . . . . . . . 266 nate. C. R. Szalkowski and J. H. David80n Jr
Scandiulll, qualitative test for. Lewis Pokras and lVIartin .J;(ilpatrick. 1270 erythromycin. J. H. Ford et al .' :.::: .
Schiff bases. determination of, by titration in nonaqueous solutions. evaporated films. J. E. Tyler and S. A. Ehrhardt .. : ... : : : :::: :

·S. K. Freeman.. . . . . . . . . . . . . . . . . 1750 ferric perchlorate and ferric sulfate solutions. Robert Bastian et al
SCIENTIFIC COMMUNICATIONS glucose, formaldehyde, and 5-hydroxymethylfurfural. Bernard

coprecipitation from hOlnogeneous solutions. Louis Gordon et al. . . 838 Klein and Milton 'Vei~sman .
strong reduction preliminary to Kjelaahl digestion in analysis of ~odoantimonousacid. Anita Elkind et al. : : : : : : :

refractory compounds. S. NI. Woods et al.................... 837 ~ron: R. E. Peterson .
Sedimentation, determining average speea of. 'V. P. Reid....... .. 1562 lSonrcotinic acid hydrazide, semicarbazide, and hydroxylamine.
Selenium, determination by spectrophotometry. S. E. \Viberley ei al.. 1586 E. L. Pratt .
Sequestrene. See Acetic acid, ethyLeneoiaminetetra-, aisoclium .,Imetal isopropoxides. J. V. Bell et al. : : : : : : : : : : : : : : :

salt of. -;4-methyl-2,6-di-t.,.t-butylphenol. Emil Poti .t al .
SERUM vmethylated indans. Jacob Entel .t at .

cholesterol determination in. Sidney Pearson elat.. . . . . . . . . . . . . 813 ~ob:bdenumthiocyanate complex. G. E. Ma;k~l'':';dG.' F: B';lt~:
determination of protein-bound iOdine in. G. H. Ellis and G. D. nlO'i?lum . J. H. Kanzelmeye~and Harry Freund .

Duncan.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1558 p-nitrobenzaidehyde and nItroguanylhydrazone of p-nitrobenz-
estimation of 7-dehydrocholesterol and 7-hydroxycholesterol and aldehyde. J. E. DeVries and K St. C. Gantz .

bile acids in. A. K Sobel.tat.......... .. .. .. . . . . . . . . . . . . . . . 629 oil fractions. R. E. Putscher (corr.) : :::::::::::::
glucose determination in. Bernard KLein and Milton Weissman. . . 771 olefins from Bradford crude oil. R. E. Putscher (corr.) .
iron determination in, by spectrophotometry. R. E. Peterson. . 1337 perylene and anthracene. Robert Schnurmann et al
See also Biological materials. platinum group metal complexes. G. H. Ayres : : : : : : : : : : : : :

Sewage, nitrates determination in, by polarography. l\tI. C. Rand propellant ingredients. Frank Pristera .
and Hovhanesa Heukelekian.. . . . . . . . . . . . . . . . . . . . 878 /pyrolyzates of complex organic materials. D. L. Harms .

SHALE OIL stero~dal sapogenin.acetates. C. R. Eddy et al. : : : : : :
estimation of yield from lean shales. K. E. Stanfield.. . . . . 1552 steroId~, from solid films, mulls, or solutions, comparison of.
nitrogen determination in V Z Deal et at 426 J Ha,ns Rosenkrantz and Leonard Zablow .

SHEET MATERIALS .. . '" . . . . . . . . . . . . . substItuted oletins. R. E.Kitson .
gas permeability of, apparatus for measuring. D. W. Brubaker and ../ sugar anomers. R. L. Whistler and L. R. House .

Karl Kammermeyer......................... . .. . . .. 424 tantalum-pyrogallol complex. J.1. Dinnin .
S•• atso Films. . tellurium sols. R. A. Johnson : : : : : : : : : : : : : :

Silanes, organochloro-, determination by polarography. E. A. tetrahydroquinone. Sverre Dahl. . .. . .

S'L
A,bCArahamson, Jr.,.t at. (corr.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349 thiophene and benzene homologs. 1. W. Kinney, Jr., and' G.' i.;.

Cook (corr.).. . . . . . .. . . . . . . . ..
determination in alkalies, by photometry. O. A. Kenyon and H. A. tin-h.ematoxylin. Harry Teicher and Louis Gordon'.: . : : : .. : : : : : :

Bewick.................................................. 145 u.ramumdibenzoylmethane. J.H.Yoe.tat .
determination in cobalt oxide. J. H. McClure and R. E. Kitson.. . . 867 ZIrconium and hafnium. A. D. Horton.. . . ..

Silica gel, ethylene adsorption by, from air. Fred Stitt and Yoshio Spe<:trographs, echeIle, in. boron determi~~tion:'i~' ·st~~i.· . W:· i:i.
SI~~:;~atsu :.... 181 SP~~~~~g::~~~yand N. A. FInkelstein. 1034

analysis, semimicro method. R. B. Corey and M: L. Jaekson. .. . . . 624 analysis of plant material using spark excitation. W. T. Mathis .
colorimetric determination of. D. T.~W. Chow and R. J. Robinson. 646 conduc~ing.briquett.echnique in analysis by. V. A. Fassel etal : .
free calcium oxide or hydroxide determination in. G. O. Assarsson deter~InatlOnof r~sldual impurities or blanks. J. K. Hurwitz .

SILIC
aOnNd J. M. Bokstrom.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1844 samphng g.un ~or pm sample I!reparation. H. H. Grossman.t at .

semIquantItatIve determInatIOn for analysis of minerals rocks a.nd
arsenic determination in. C.L.LukeandM.E.Campbell 1588 oresbJ[. C.L.WaringandC.S.Annell .' .' 1174
determination in alloys, by photometry. C. L. Luke. . . . .. . . . . . . . . 148 su~pr~ssion of .cyanogen bands in direct current graphite arc by
determination in silicates, semimicro method. R. B. Corey and . hthlUm chlonde. R. G. Keenan and C. E. White. . . . . . . . . . . . . . 887

dei'!;~;'~~;;'~?:tit'':,{i;''~~iio·Y;.··M~';'~i~~·Cod~iJ.·.i;'i".:::::::::: 1~~i Sp':ct:::~~'i~:~ntdeterminations in petroleum. G. V. Dyroff .tal.... 1898
determination in titanium metal. H. A. Heller and R. W. Lewis. .. 1038 gamma sensing. R. E. Connally and M. B. Leboeuf... . . . . . . . . . .. 1095

Silicon carbide, total carbon determination in. P. L. Norton. . . . . . .. 1761 Geiger-counter, powder mixture analysis by. H. P. KIng. . . . . . . . . 704
Siloxene, as chemiluminescent indicator. Frederic Kenny and R. B. infrared, precision of. Eugene Childers and G. W. Struthers. . . . . . 1311

Kurtz. .. . 1550 nuclear magnetic resonance (col.). R. H. Milller 27A(No. 5)
Silver, aetivation analysis for. W. W. Meinke and R. E. Anderson.:: 778 x-ray photoelectron, surface analysis by. R. G. Steinhardt, Jr., and
Silver nitrate, titration of potassium cyanide with, shape of silver 1650 E. J. Serfass ,. . . . . . . . . . . . . . . . . . . . . . . . . 697

curve in. J. E. Ricci. . . . .. . .. .. . . . Spectrometry. See also l\-1ass spectrometry.
Slide rule for microanalysts. R. E. Schachat and W. L. Savell..... 1779 SPECTROMETRY, INFRARED
~~~i~'Maluminum, extraction with acetone. K. J. Mysels etal... . 173 accuracy and precision in. C. F. Hammer and H. R. Roe .

determina~ion, micro-, in biological materials by flame photometry. aromatics determination in petroleum by. Joseph Bomstein .
G. R. Kmgsle,Y and R. R. Schaffert... . . . . . . . . . . . . . . . . . . . . . . .1738 SP~CTuIRIoapnHdosToolvMeEnTtEmRsedia for. J. S. Ard .

detDe,minatd·ion In portland cement, by flame photometry. J. i.
,amon and Leonard Bean. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1825 Beckma!" modification wit~external C battery supply and voltage-

determination in silicates, semimicro method. R·. B. Corey a~d. checkIng arrangement. A. S. Stenius... .. . 1572
M. L. Jackson................. .... . . . . . .. . . . . .. .. .... .. 624 Beckman DU, modification of. L. P. Cecchini and Maynard

determination iIi viscous solutions or plant extracts; by fla~~ Eicher .
photometry. H. M. Bauserman and R. R. Cerney, Jr.. . . . . . . .. 1821 Beckman DU, variable-length cell for. L. P. Ce~~hi';;'.:::: : : : : : : :

Numben followod by Iho lottor "A" reler 10 pa,es in Iho advollisin, seclion
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659

869

168

121
422

926

196

581

856

446
769
288

810

1645
556

154·

74

1383

6/l0

1664
47

160

334

1849

3.50
572

108

93
154
673
277

1940

1580
2

688
256

277

112

825
842

1637
6.59

1803
1340
1031

1568

823
1517

1017

1.586

500

1013
259

1107
353

1103

1577

1729

1198

See also Sulfur compounds.
Sulfonic acid, determination in sulfuric acid and sludges from petro-

leum refining. F. T. Weiss etal .
SULFUR

determination, microquantitative, in organic materials (rev.).
Wolfgang Kirsten , , .

determination in ores, concentrates. and other metallurgical
samples. W. G. Rice-Jones .

determination in organic comp~unds. by amperoffietry. C. L. >

Rulls and A. A. Mackela .
determination in organic materials, automatic combustion appa-

ratus for. T. T. White et al .
determination in petroleum. review of methods for. Harry Levin ..
organic, microdetermination of. by nephelometry. Gerrit Toennies

and Bohdan Bakay .
SULFUR COMPOUNDS

determination of methyl mercaptan, dimethyl di,ulfide, and di
methyl sulfide in a gas mixture. William Segal and R. L.
.~~............................................

determination in petroleum fractions by polarography. M. E. Hall.
SULFUR DIOXIDE

determination of. J. B. Lombardo. . . . . . . . . . . . . . . . . .
determination in corn steep liquor, continuous, automatic. L. D.

Wilson and R. J. Smith .
determination in sulfuric acid sludges from petroleum refining.

F. T. Weiss et al .
SULFURIC ACID

absolute, as primary standard. J. E. Kunzler .
determination of mists of. J. B. Lombardo .
effect in permanganate-oxalate titration. R. C. Brastetl.
sludge acid, analysis of. F. T. Weiss et al. .
switch, safety, for water-cooled systems. Walter Roth.

SYMPOSIA
analytic-al chemistry of the less familiar clements ....
annual review of analytical chemistry '.' ..
x-rays as an analytical chemical tool. .

Synthesis gas. G. L. Barthauer et al. , .
Systox, determination of O,O-diethyl-O-ethylmercaptoethyl thio

phosphate and O,O-diethyl-S-ethylmercaptoethyl thiophosphate in.
Kenneth Gardner and D. F. Heath .

T

TANTALUM
dete!"mi.nation in ores, by ultraviolet spectrophotometry. J. I.

DInnIn .
determination in stainless steel. Luther Ikenberry et al .
determination in stainless steel. N. E. Gordon, Jr., et al .
determination using radioisotope tracer technique. T. F. Boyd and

Michael Galan .
iron and manganese separation in determination of niobiunl and.

C. F. Hiskey and A. L. Batik '.' .
niobium separation from. P. C. Stevenson and H. G. Hicks .
simultaneous spectrophotometric determination with niobium.

F. C. Palilla et al '.' .
T.o\.RTARIC ACID

determination in fruit, by ion exchange chromatography. H. H.
Schenker and William Rieman III .

identification by paper chromatography. J. W. Airan et al .
TELLURIUM

determination as hydrosol, by spectrophotometry. R. A. Johnson

de~~:~~i'n'aii~~'i~'~'a'g~e'si~~~iic"ys', 'by 'sp'e~t;~ph~t~~'et~y:' ·S.· E.
Wiberley et al .

determination in organic compounds by titration. F. H. Kruse
et al.. .

hydrosols of; production, particle characteristics. and spectra of.
R. A. Johnson : .

Temperature. effects in differential colorimetry. Robert Bastian. : .
Terpenes, RI values for. J. M. Miller and J. G. Kirchner .
Tetrazole, 5-hydroxy-, crystal structure of. Kiyoshi Hattori et al .
Textiles, impregnating materials for, analysis of M-1960. by spectro-

photometry. Morton Beroza .
THALLIUM

detection and determination (rev.). J. R. A. Anderson .
determination in potassium iodide, by radioactivation. C. J.'

Delbecq et al.. .
determination by spectrophotometry. Charles Merritt, Jr., et al ..

Thermistors, in precise measurement. of small temperature differences.
R. H. Miiller and H. J. Stolten , .

Thermocouple recorders, to measure voltage in high·resistance cir-
cuits. F. T. Gucker and A. H. Peterson .

Thermometers, calibration of. for capillary melting point determina-
tions. S. C. Bunce .

Thermoregulators, modified Giang-Hall apparatus. R. D. O'Brien .
THIAMINE

determination in pharmaceutical products, by colorimetry. F. J.
Bandelin and J. V. TuschhofI .

determination by the thiochrome reaction. Motonori Fujiwara and
Kiyoo Matsui. 00 .

THIOCYANATES '.

complexes with iron, extraction with butyl phosphate. Laben
Melnick et al.. .

determination in industrial wastes, by colorimetry. J. M. Kruse
with M. G. Mellon .

Thiols, disulfides determination in presence of. T. E. Earle ".
Thionic acids, poly-, determination. by acidimetry. R ..R. Jay ....
Thionyl chloride, as solvent for titration of aprotic acids. E. B.

Garber et al '. . . . . . . . . . .. . .
THIOPHENE

determination by oxidative decomposition with nitric acid. L. S.
Levitt and Edgar Howard, Jr .

homologs, identification of. 1. W. Kinney. Jr., and G. L. Cook
(corr.) '.' .

Thorin. See Benzenearsonic acid, 2-(2-hydroxy-3,6-disulfo-1-naph
thylazo)-.

390
692
382

767
290
581
802

1325
112
985

1285
1942
1137

Beer's law and linearity of. C. G. Cannon and 1. S. C. Butterworth
Cary, reproducibility of measurements made OIl•.__ J. L. Forstner

and L. B. Rogers ... , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1560
improved instruments for (col.). R. H. Miiller 23A(No. 7)

SPECTROPHOTOMETRY
absorption (rev.). I. E. Stearns (corr., 1573) . . . . . . . . . . . . .. 1004
anomalies in extinction coefficient measurements. L. S. Goldring

et al. .
deternlining one compound in a mixture. Eugene Allen and

William Rieman III. .
differential multicomponent, accuracy in. lVlorton l3eroza .
five-centimeter absorption cell for. B. L. Vallee .
improved optical components, phototubes, and electronic circuitry

in (col.). R. H. Miiller 19A(No. 12)
.linirared, for analysis of aldehyde and ketone 2,4-dinitrophenyl

hydrazones. J. H. Ross. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1288
infrared, beam condensing system and sample system for identifica-

tion of mat-erials in fractional milligram range. D. H. Anderson
and N. B. WoodalL....... . .. . . .. .. .. . .. .. .. .. .. .. .. .. . . .. 1906

inirared, of complex organic materials. D. L. Harms. . . . . . . . . .. 1140
infrared, identification of materials in fract.ional milligram range by.

D. H. Anderson and N. B. Woodall......................... 1906
infrared, of polymeric materials. P. F. Kruse, Jr., and W. B.

(;nf:~~,ce~'';t~~~t,;d''hyd;~~';;b'~~" . ~i.~~~~ie·ri~';t·i~;'· 'by: . ·s.·· A:. 1156
Francis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1466

solution displacement in, with flat glass plates. R. H. Hamilton. . . 399
solvents for (col.). R. H. Muller 27A(No. 5)
teluperature-controlled mixing apparatus for. R. F. Beers, Jr., and

I. W. Sizer................ .. . . .. 1137
ultraviolet, cresol mixture analysis by. G. E. Carney and J. K.

Sanford....................... . . 1417
ultraviolet, identification of polynuclear arOlnatic components in

high boiling petroleum fractions. Robert Schnurmann et al.. . . .. 1010
SPECTROSCOPY

evaporated films for analysis by. J. E. Tyler and S. A. Ehrhardt ..
fluorescent x-ray (rev.). L. S. Birks et al.. .
infrared, in crystallography. D. N. Kendall .
infrared, mineral determination in rocks by. J. 1\'1. Hunt and D. S.

Turner. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1169
infrared, propellant analysis by. Frank Prister : . . . . . . 844
x-ray, analysis of metals and alloys by. Raymond Castalllg and 724

Andre Guinier .
STANDARDS

for acidimetry and alkalimetry, sulfuric acids as. J. E. Kunzler ....
barium thiosulfate monohydrate as standard for iodometry. W. M.

MacNevin and O. H. Kriege .
chrome ore. W. H. Hartford .

Stanni~ chloride, titration of, in thionyl chloride. .E. B. Garber et al .
Starch, iodine sorption by, determination of. B. L. Larson et al .
Statistics, in evaluating analytical results (correspondence). Grant

Wernimont and H. A. Liebhafsky et at.. .. . . . . . . . . . . . . . . . . . . . . . . 677
STEEL

boron determination in, with echelle spectrograph. W. G. Kirch-
gessner and N. A. Finkelstein. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1034

cO~~:~OH~~r~R::nl:~~~:a~~ddL~:~/do~~bf~~~:.~~~~~ ~.r.~~l~~ 1025
elements determination in, review of methods for. H. F. Beeghly. . 30
hydrogen determination in. by vacuum fusion, storage of samples in.

Y.L.YaoandK.S.Mitliken 363
molybdenum determination in. Fritz Will III and J. H. Yoe. . . . .. 1363
phosphorus determination in, utilizing extraction with molybdo-

phosphoric acid. Coe Wadelin with M. G. Mellon : ,'. 1668
stainless, columbium. tungsten, and tantalum determInatIOn In.

Luther Ikenberry et al.. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. 1340
stainless 18-8, determination of niobium, molybdenum, tan~alum,

cobalt, titanium, and manganese in, by spectrography. N. E.
Gordon, Jr., et al... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1031

tungsten determination in, by spectrophotometry. D. K. Gull-
strom and M. G. Mellon.... 1809

STEROIDS
purity determination of, by solubility analysis. William Tarpley

and Milton Youdis .
reduction of phosphomolybdic acid by. Shlomo Burstein .

Stibonium chloride, tetraphenyl-, as analytical reagent. H. H.
Willard and L. R. Perkins. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1634

Stilbestrol, trans-diethyl-, crystallographic data for. H. A. Rose et al.. 993
STmRING ApPA.RATUli

plastic blades for. V. R. Shellman and B. J. Magerlein .
simple multiunit. L. A. Wollermann and R. G. TIScher..••.....

Stopcocks, lubrication of. Wolfgang Kirsten .
Streptomycin, mannosido-, and dihydromannosido-, determination by

spectrophotometry. Joseph Levine etal........................ 671
Strontiunl, determination in alkali earth carbinates, by flame photom-

etry. O. N. Hinsvark et al 00 00........ 320
Styrene, poly-, determination in styrenated alkyd and styrenated 173<

epoxy resins. M.H.Swann. v

SublimatIOn, apparatus for purification by. E. M. Abrahamson. . . . . 203
SUCClNIC ~,CID

identification by paper chromatograpJlY. J. W. Airan e.t til .
isovaleraldehyde determination in. Stephen Dal N ogare and John

Mitchell, Jr... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1376
Succinimide, crystallography of (col.). R. J. Hinch, Jr., and W. C. 675

McCrone ·· .
Sugar beets. fractionation of organic adds in, by ion exchange resins.

H. S. Owens et al... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1597
SUGARS

infrared spectra of anomers. R. L. Whistler and L. R. House.... 1463
specific color reaction for. Henry Tauber. . . . . . . . . . . . . . . . . . . . . 826
See also Hexoses.

Sulfamic acid, estimation by amperometrie titration. S. T. Hiro2iawa.
and R. C. Brasted., ,....................... 221

SULF.4.TE8
determination by nephelometry, micromethod for. Gerrit Toen-

nies and Bohdan Bakay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160
a,nd sulfites det.errnination in sodium petroleum sulfonates. B. E.

Gordon and R. S. Urner. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 897
Sulfhydryl groups. in milk and other biological fluids, catalysis of io

dine-azide reaction by. D. W. Whitman and R. M. Whitney. . . . .. 1523
SULFIDES

determination of aliphatic. by spectrophotometry. S. H. Hastings. 420
organic, determination of. W. H. Houff and R. D. Schuetz.. . . . . .. 1258

Numbers followed by the letter "A" refer to pages in th. advertising seellon
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432

416

800

60-1,

245

887

774
599

935

640

314
507

1390

1884

1427

816

446
1840

1818

989
1253

533

840
348

277

130

VANADIUM
det-ermination in biological materials, by colorimetry with 8-quino-

linol. N. A. Talvitie .
determination by emission spectrography. R. G. Keenan and C. E.

White .
determination of quinquevalent, and separation from copper.

H. H. Willard,.t al. _. 1863
Vapor pressure ebulliometer for milliliter samples. S. R. Hoover.t al. 1940
Versenate. See Acetic acid, ethylenediaminetetra-. disodium salt of.
Versene. See Acetic acid, ethylenediaminetetra-.
Vinyl alcohol, poly-, phthalic acid esters of, analysis of. C. J. Maim

et al .
Vinyl.ethers, aldehydes determination in presence of. Sidney Siggia

and Eileen Segal .
VIBCOMETERS

for potato starch pastes. A. H. A. de Willigen .
rolling ball, calibration of. H. W. Lewis .
rotation, temperature effects in. C. C. Mill and E. R. Gates .

Viscosity, measurement of, in U-tube, flow of liquids in. G. F. N.
Calderwood .t al .

VITAMIN A
determination by paper chromatography. J. A. Brown .
determination in presence of tocopherols. D. T. Ewing et al .

Vitamin B. See Calcium pantothenate.
Vitamin Bl. See Thiamine.
Vitamin Be group, differential determination of; Saburo Fukui. ..
Vitamin C. S•• Ascorbic acid.
VITAMIN E

determination by paper chromatography. J. A. Brown......... 774
See also Toeoyherols.

VOLTAGE
measurement in high-resistance cir('uits, circuits for adapting ther

mocouple recorders for. F. T. Gucker, Jr., and A. H. Peterson... 1577
regulator tubes. R. H. MUller (col.) •...................... 23A(:\'0. 1)

Voltammetry, anodic, of phenols. J. F. Hedenburg and Henry Freiser 1355
Voltmeters, vacuum tube (col.). R. H. Miiller " 20A(i\'0. 10)
Volume-measuring accessory for fraction collectors. H. J. Dutton

and F. J. Castle .
Vulcanizates. S •• Rubber.

"''''ash oil, naphthalene determinat,ion in. N. J. Klein and G. W.
Struthers .

VVASTES, INDUSTRIAL
ammonia nitrogen determination in, pH adjustment for. C. N.

Sawyer .
cyanide and thiocyanate determination in, by <,olorimetry. J. M.

Kruse with M. G. Mellon ,.
refinery water, oil determination in. W. S. Levine et al. .

WATER
aluminum and iron in Atlantic and Gulf of Mexico surface. L. H.

Simons et al .
DDT determination in river, and in suspended solids. Ben Berek ..
determination, apparatus fOf, by solvent distillation. A. W.

Billitzer .
determination by Karl Fischer titration, apparatus for. R. L. Men

ville and S. R. Henderson.....................•............
determination in oils and greases. R. Y. Meelheim and J. N. Roark
determination in sulfuric acid and sludges from petroleum refining.

F. T. Weiss .t al .
deuterium determination in, by mass spectrometry. H. W. Wash-

burn et al , .

v

u

w

Unsaturated compounds, reduction of phosphomolybdic acid by.
Shlomo Burstein. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 422

URANIUM
analysis of (rev.). C. J. Rodden. . . . . . . . . . . .. .. . . . . . . . . . . . . . .. 1.598
determination, by coulomet.ry. W. N. Carson, Jr.. . . . . . . . . . . . 466
determinat.ion with dil:.enzoylmethane, by colorimet.ry. J., H.

Yoe .t al... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1200
determination by fluorophotometric method. G. R. Price .t al.. . . . 322
determination in presence of iron, by colorimetry. Louis Silverman

.tal.. " ., " . . . . .. . . . . . 1369
determination in presence of iron by spectrophotomet.ric titration

with cerium sulfate. C. E. Bricker and P. B. Sweetser.. . . . . . . . . 764
determination of tetravalent, by coulometric titration. N. II.

Furman .t al.. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 482
volumetric determination of hexavalent, in phosphate solutions.

J. M. Schreyer and C. F. Baes, Jr............................. 644
UREA

determination in blood and body fluids, by diacetyl monoxime
method. H. S. Friedman (cor~, 990) . . . . . . . . . . . . . . . . . . . . . . . . 662

determination of ratio to formaldehyde in condensation products.
P. P. Grad and R. J. Dunn... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1211

Urea, 3-(p-chlorophenyl)-l,l-dimethyl-, determination in plant tissuc,
micromethod for. H. Y. Young and W. A. Gortner (corr., 1139) . . . 800

URINE
fluorine determination in. R. F. Miller and P. H. Phillips.. . . . . . . . 172
pyrazinamide determination in. W. S. Allen et al. . . . . . . . . . . . . . . . 895
See also Biological materials.

TUNGSTEN
determination as tungstovanadophosphoric acid, by spect.rophotom.

etry. D. K. Gullstrom and M. G. Mellon.. . . . . . . . . . . . . . . . . .. 1809
determination in stainless steel. Luther Ikenberry .t al. . . . . . . . . . . 1340
molybdenum determination in presence of. Louis l\-1eites. . . . . . . . . 1752
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THORIUM
aluminum determination in, by spectrophotometry. D. ""'.

Margerum et al... . . . . . . . . . . . . . . . . . . . . . . . . . .. . .....
determination, by ampcrometric tit, ration. in plesenee of rare

earths. louis Gordon and C. R. Stine .
determination in black sands. C. V. Banks .t al .
determination in monazite, by spectrophotometry. C. V. Banks

and C. H. Byrd .
determination in phosphate rock. C. L.'Waring and Henry l\{ela,
J~ .

determination by titration with Versene. J. S. Fritz and J. J. Ford
(cprr., 1938) , 1640

Thoritull iodate, separation of. C. R. Stine and Louis Gordon.. . . . .. 1519
Thorium oxalate, quantitative insolubility of. H. L. Kall and

Louis Gordon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1256
Thoron, determination in mineral waters. P. K. Kuroda and Yuji

yokoyama .
TIMING APPARATUB

60-cycle source for operation of. W. J. Biermann and Neill Weber.. 1284
electric, for laboratory. R. E. Schachat and E. 1. Becker. . . . . . . .. 1136
for small intervals (col.). R. H. MUller 17A(No. 10)

Tin(IV), determination by spectrophotometry. Harry Teicher. and
Louis Gordon. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1182

Tin sulfate, precipitation of basic, from homogeneous solution. H. H.
Willard and Louis Gordon .

Tissue, animal, phosphorus determination in, micromethod for.
F. L. Schaffer .t al.. .

TISSUE, PLANT
or animal, maleic hydrazide determination in. P. R. Wood. . . . . .. 1879
3-(p-chloropheny1)-1,1-dimethylurea microdetermination in. H.

Y. Young and W. A. Gortner (corr., 1130) .
N-1-naphthylphthalamic acid determination in. A. E. Smith and

G. M. Stone · , , 1397
TJT,ANIUM

determination with chromotropic acid. W. W. Brandt and A. E.
Preiser. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 567

determination by emission spectrography. R. G. Keenan and
C.E. White............................... 887

determination in silicates, semimicro method. R. B. Corey and
M. L. Jackson .

determination in stainless steel. N. E. Gordon, Jr., etal. .
impurities determination in. H. A. Heller and R. W. Lewis .
impurities determination in met.al. J. M. Thompson .

TITANIUM ALLOYS
aluminum determination in. lVlaurice Codell and George N orwitz ..
boron determination in. l\1aurice Codell and George N orwitz .
calcium determination in. l\ilaurice Cadell et al .
molybdenum determination in. George N orwitz and l\1aurice

Codell .. ; _. 1438
molybdenum determination in, by polarography. Maurice Codell

.t al .
phosphorus determination in. Maurice Codell and J. J. Mikula .
silicon determination in. Maurice Codell et al. .

Titanium dioxide, polymorphism in. D. N. Kendall _ .
Titanium sulfate, o-phenylphenol determination with, by spectro-

photometry. P. H. Caulfield and R. J. Robinson. . . .. . . .... n82
Titanium tetraisopropoxide, spectra of. J. V. Bell.t al... . . . . . . . . . .. 1720
Titanous chloride, r~duction of nitroguanidine and derivatives of,

with. P.D.Sternglanz.tal - 1111
TITRATION

amperometric, of sulfamates with dropping mercury cathode. S. T.
Hirozawa and R. C. Brasted .

automatic thermometric. H. W. Linde et al. _. . . .
automatic universal anticipation of end point system for. W. N.

Carson, J r.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1733
coulometric, apparatus for automatic. W. N. Carson, Jr. (corr.

667)............................ .
coulometric, automati<" with photometric detection of equivalence.

E. N. Wise.t al.. .
coulometric. dual intermediates in. P. S. Farrington et al .
differential, of amines, in nonaqueous solvents. J. S. Fritz .
of gas with gas. Sidney Katz and J. T. Barr .
high-frequency. C. N. Reilley and W. H. McCurdy, Jr .
high-frequency, of organic bases in nonaqueous solutions. W. F.

Wagner.t al , . . . . . . .
of iodide, amperometric. 1. III. Kolthoff and Joseph Joman .
iodometric, stable sensitive linear starch indicator for. -J. L. Lam-

bert.......................................... . ..
Karl Fischer, apparatus for. R. L. Menville and S. R. Henderson ..
Karl Fischer, cell for. D. E. Campbell .
of microgram samples, coloriscopic capillary for. Harold Dar! '..
in nonaqueous solutiol).R, increased sensitivity in. C. W. Pifer et al ..
in Ilonaqueous solutions, reference electrode for. R. A. Glenn .
of phenols, in nonaqueous solvents. J. S. Fritz and R. T. Keen .
of potassium cyanide -with silver nitrate, shape of silver curve in.

J. E. Ricci. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16,:;0
potentiometric, of organic derivatives of hydrazine. W. R. 1\1c-

Bride .1 al.. , .
of Schiff bases in nonaqueous solutions. S. K. Freeman .
of weak bases in nonaqueous solvents. J. S. Fritz and M. 0, Fulda.

Titrimeter, automatic coulometric. W. N. Carson, Jr-. (corr., 667) ....
Tobacco leaves, nit.rogen compounds determination in, and identifica-

tion of. W. G. Frankenburg .tal..... .. 1784
TOCOPHEROL

vitamin A determination in presence of. D. T. Ewing et al .
S •• also Vitamin E.

Tomicek, Oldrich, obituary.. . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . .. 1775
Trace elements. See Elements.
Trade marks, identification of (ed.).. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1.57~

Transistors, theory and applications (col.). R. H. Miiller 27 A(No. 5)
Triazenes, substituted, determination of. L. J. Lohr. . . . . . . . . . . . 1117
s-Triazine, hexahydro-1,3,5·trinitro-. See Hexogen.
Trigonelline, determination in coffee by paper chromatQgraphy.

Lawrence Kogan .t al.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1118
TRITERPENOLB

determination in wool wax, by spectrophotometry. F. E. Luddy
• t al .

estimation in unsaponifiable fraction of wool wax. Heinz Duewell..
Tritium, estimation of, in tritiated water. W. A. Jenkins .
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estimation of, in proteinaceous material. Harry Sobel.. . . . . 1756
fluoride determination in, by induced reaction method.. J: .L",

Lambert.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . 271
heavy, determination with hot wire gage. R. G. Haldeman..... .. . 787
hydrocarbons and phenols determination in. C. E. Headington

eta!. " . . . . . . . . . .. .. . . . .. . .. 1681
nitrates determination in, by polarography. M. C. Rand and Hov-

haness Heukeleklan .
refinery waste, oil determination in. W. S. Levine et al. .
review of analytical methods for. S. K. Love and L. L. Thatcher.
thorondeterminationin. P. K. Kuroda and Yuji Yokoyama .
trace elements determination in natural. D. E. Carritt .
tritiated, tritium estimation in. W. A. Jenkins .
volatile' contaminants determination in, by mass spectrometry.

F. W. Melpolder et al .
WAX

unsaponifiable wool, cholesterol and triterpenols estimation in.
Heinz Duewell '" . . . . . . . . . . . . . . . . . . . .. . . . . .. 1548

wool, cholesterol, and triterpenol determination in, by spectro
photometry. F. E. Luddy et al.... .. . . . . . . . . . . . . . . . . . . . . . . . .. 1497

Weathering, apparatus for testing of. J. W. Tamblyn and G. M.
Armstrong. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 460

Weighing, automatic (col.). R. H. Muller 27A(No. 3)
Wood pulps, pentosans determination in highly purified. E. D. Smith

and L. N. Rogers...... . .
Wool wax. See Wax.

ANALYTICAL CHEMISTRY

diffraction of products of ammonia and mercury(I). W. N. Lips-
comb.................................................... 737

fluorescent x-ray spectroscopy (rev.). L. S. Birks .t al.. . . . . . . . . . . . 692
photoelectron spectrometer, surface analysis by. R. G. Steinhardt,

Jr., and E. J. Serfass............ . . . . .. . . . 697
scattering. low-angle. K. L. Yudowitch. . . . . . . . . . . . . . . . . . . . . . . 721
spectroscopy, analysis of metals and alloys by. Raymond Castaing

and Andre Guinier. . . . . . . . .• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 724
symposium on.. .. .. . . . . . . . .. 688
techniques for determination of lattice parameters, expansion coef-

ficients, and atomic and molecular weights. M. E. Straumanis... 700

y
YTTRIUM GROUP

separation from cerium group. Louis Gordon and K. J. Shaver. ... . 784
separation from lanthanum groups. E. IVI. Scadden and N. E.

Ballou.... . . . . . . . .. . . 1602

x
X-RAYS

absorption, analytical methods based on (rev.). H. A. Liebhaf-
sky .

analysis of alloys by. R. M. Brissey .
analysis by diffraction-absorption technique. Jean Leroux et aZ ..
crystal structure analysis, computing Fourier syntheses in. C. B:.

Hudgens and A. M. Ross .
diffraction, analysis of bauxite samples by. R. H. Black .
diffraction analysis of mixed-layer clay mineral structures. W. F.

Bradley .
diffraction, application to research and testing on pharmaceuticals

(rev.). S. F. Kern .
.diffraction, low-temperature, crystal structure of low melting com

pounds by. Benjamin Post and rsidor Fankuchen.
diffraction, structure of chelating molecules by (rev.). L. L. 1Vler-

ritt, Jr.. . . . . . . . . . . . .
·diffraction patterns of chloroplatinates of amines. C. V{. Gould

and S. T. Cross. . . . .
·diffraction patterns for dimethone and 2,4-dinitrophenylhydrazone

derivatives and quinones. F. W. Neumann and C. W. Gould ....
-diffraction patterns for hexagonal isomorphs. L.!'L Frevel and

H.W.Rinn.............................. . .
·diffraction patterns of picratcs of alkylpyridines. G. J. Janz and

Raymond Solomon (corr.• 1775). . . . . . . . . .
d.iffraction patterns, visual presentation of. E. P. Bertin .
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ZINC

determination in aluminum alloys, by electrogravimetric method.
Kurt Theurer and T. R. Sweet .

determination in brass by electrolysis. D. G. Foster .
determination by gravimetric methods and separation from ele-

ments. J. E. Vance and R. E. Borup (corr., 1241) .
determination and separation from cobalt and copper. A. E.

Martin .
determination of submicrogram amounts, by coulometry. K. W.

Gardiner and L. B. Rogers .
identification of, by coprecipitation with cobalt(II)-mercury(II)

thiocyanate. F. E. Brown and J. S. Proctor .
Zinc 8-quinolinolate dihydrate, structure of. L. M. Merritt, Jr .
ZIRCONIUM

aluminum determination in, by ion exchange separation. Harry
Freund and F. J. Miner .

analysis as the oxide, by spectrography. V. A. Fassel et al .
determination in aluminum alloys. R. A. Papucci et al .
determination with quercetin, by colorimetry. F. S. Grimaldi and

C. E. White........................ . .
determination by spectrophotometry. A. D. Horton "
extraction from fission product elements. E. IV1. Scadden and N. E.

Ballou , .
hafnium determination in, by spectrography. D. M. l\fortimore

and L. A. Noble .
impurities determination in. N. E. GordQn, Jr., and R. M.Jacobs. "
polarography of salts of, in methanol. E. L. Colichman and

W. H. Ludewig .
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Motor-Stirred 5 Ampere

Magnetically Stirred 15 Ampere

17 A

spring tension chucks permit quick, easy insertion of the
electrodes and maintain proper electrical contact. On the
Heavy Duty Analyzer, the cathode chuck is eccentrically
mounted, providing adjustability to accommodate electrodes
up to 50 mm diameter. Special Sargent high efficiency elec
trodes are available for both analyzers.

Analyzers are complete with cord and plug for attachment
to standard outlets. For operation from 115 volt, 50 or 60
cycle A.C. circuits.

"One position unit

5-29459 ELECTROLYTIC ANALYZER - Motor Stirred,
One Position, 5 Ampere, SARGENT-SLOMIN. (Not illus-
trated here) $275.00

5·29464 ELECTROLYTIC ANALYZER - Motor Stirred,
Two Position, 5 Ampere, SARGENT-SLOMIN. (Illustrated
above) $ 425.00

5-29480 ELECTROLYTIC ANALYZER - Heavy Duty,
Magnetically Stirred, Two Position, 15 Ampere, Sargent.
(Illustrated above) $ 575.00

(The Sargent-Slomin Analyzers are also available witR
integral, concealed heater unit.)

SARGENT·SlOMIN HEAVY DUTY

Designed for continuous trouble-free performance, these
electrolytic analyzers, manufactured by E. H. Sargent & Co.,
are durably constructed of the highest grade materials and
component parts, including stainless steel front panel, cast
aluminum end castings and stainless steel fittings.

Completely line operated, the Sargent analyzers employ
self-contained rectifying and filter circuits. The deposition
voltage between the electrodes is adjusted by means of auto
transformers, with meters indicating volts and amperes and
conuols on the panel. An easily replaceable fuse guards
against circuit overload.

The Sargent-Slomin Analyzer stirs thorugh a rotating
chuck operated from a capacitor type induction motor, motor
having a fixed speed of 550 r.p.m. with 60 cycle A.C. current
or 460 r.p.m. with 50 cycle A.C. current. Motors are sealed
against corrosive fumes; are mounted on cast metal brackets,
sliding on Vl" square stainless steel rods, permitting vertical
adjustment of electrode position over a distance of 4". Pre
lubricated ball-bearings suppOrt the rotating shaft.

The Sargent Heavy Duty Analyzer provides efficient stir
ring by the interaction between the cell current and the field
established by a permanent magnet, rubular in shape and
coaxial with the cell holder.

The Heavy Duty has recessed wells to hold the sample
beakers, wells being 6!/.i" deep, designed to contain 250 ml
electrolytic beakers. The wall of each well serves as an inner
wall of the water jacket, for use in either heating or cooling.
Two serrated nipples for rubber tubing connections for cool
ing or heating water are mounted On the right end casting.
In plain copper analysis, 1 gram of copper may be deposited
in 15 minutes with an accuracy of approximately 0.0"50/0
without the necessity of special techniques.

All electrolytic analyzers accommodate electrodes having
shaft diameters no greater than 0.059 inch. Stainless steel

SARGENT

Maximum D.C. current
at each position

Maximum D.C. voltage
at each position

Maximum power
consumption

Height

Width

Depth

Net Weight

Shipping Weight

5 ampere

10 YO Its

150' or 300 watts

18 inches

11 \4' or 21 inches

11 \4 inches

35' or 61 pounds

70' or 110 pounds

15 ampere

10 vollo

400 watts

20\4 inches

21 inches

11 \4 inches

80 pounds

130 pounds

SCIENTIFIc LABORATORY INSTRUMENTS· APPARATUS· SUPPLIES· CHEMICALS
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHIGAN

SOUTHWESTERN DIVISION. 5915 PEelER STREET. DAllAS 9. TEXAS
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INSTRUMENTATION
Improved optical components, phototubes, and electronic circuitry facilitate
use of spectrophotometric techniques, important in analytical determinations

by Ball'" H. ~I;iller

SPECTROPHOTOMETERS are indis
pensable tools for identification of

light-absorbing substances and for
analytical determinations in which
characteristic light-absorbing entities
can be formed in definite quantitative
proportion by suitable reagents. The
use of spectrophotometric techniques
is widespread; indeed, it accounts for a
considerable portion of all analytical
determinations.

In recent years, exhaustive tests and
intercomparisons have been made to
estimate the reproducibility and calibra
tion accuracy of commercial spectro
photometers. Most recent among such
tests are results from the National
Bureau of Standards [Brode, W. R.,
Gould, J. H., Whitney, J. E., and
Wyman, G. M., J. Opt. Soc. Amer.,
43, 862 (1953)]. This study was a
cooperative effort involving 15 labora
tories and afforded a comparison of 12
Cary recording spectrophotometers and
11 Beckman DU instruments. We
quote the conclusions arrived at in this
study:

Ultraviolet and visible spectral
absorption curves obtained Oil the Cary
or the Beckman DU instruments are
adequately reproducible.

At wave lengths longer than 235 mIL
there are random variations, usually not
exceeding 0.02 unit, in the absorbance
values obtained on the various instru
ments. Individual instruments give con
sistently slightly higher or lower readings
(compared to the median value) at all
wave lengths. These discrepancies are
too small to be noticeable on spectra
published in technical journals.

The shape of the spectral absorption
curve (which is of utmost importance in
identification work) is adequately re
produced by instruments of both types.

In the body of the paper is another
statement which we believe is still more
significant:

It must be emphasized that results
obtained under these conditions are not
truly representative of instrumental repro
ducibility, but are, in addition, subject to
discrepancies introduced by the instru
mental environment and the different
operators. Enviromental effects may con-

sist of such irregularities as fluctuations in
line voltage, temperature changes, etc.,
while'the operator errors are due to the
individual differences in the filling and
cleaning of absorption cells, and the
balancing and checking of instruments,
etc. It was, however, considered desirable
to include all of these possible sources of
nonreproducibility in the present com
parison, in order to enable the research
worker to estimate the value and the
usefulness of the absorption spectra
published in the scientific literature.

These, and related tests, of which
there have been many, will afford the
analyst much comfort, whether he be a
routine or occasional user of spectro
photometers. He can rest assured that
the array of "black boxes" conceals no
optical or electronic deviltry conspiring
to foul up his results.

To our way of thinking the most
significant result of all such tests is the
suggestion that Beckman and Cary have
known what they were doing from the
beginning. After all, the fundamental
design principles of spectrophotometry
have been known for a long time. The
advent of improved optical components,
better phototubes, and improved elec
tronic circuitry have all signalized
progressive improvement. Theoretical
advances have not been lacking in such
matters as stray light, slit width effects,
signal to noise ratio, and the significant
details are all incorporated in these in
struments. Of necessity, an instrument
manufacturer must establish tolerances
and standards. Modern machine tool
practice enables him to hold to
established tolerances within very
narrow limits.' These tolerances have
been established by original design and
research. As a rule, instrument per
formance reflects the contemporary
status of research and design knowledge.
Radical advances arise only as totally
new concepts or techniques are dis
covered. At each stage of progress, it
is not too difficult to secure reproduc
ibility. One strongly suspects that
Cary and Beckman, as well as other
reputable instrument designers, have
established checking procedures, calibra
tion techniques, and over-all inspections
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which are far more reliable than many
that have appeared in the literature.
In a business sense, this is almost a
necessity. Otherwise, the complaint
department might well require a staff
exceeding research, development, pro
duction, and sales combined.

Calibration Procedures

Calibration procedures have been
worked out in great detail in terms of
standard solutions and glasses. The
preferred recommendations are covered
by National Bureau of Standards
Circular 484. Although precise cali
brations can be made with these
systems, they are not too versatile for
the entire range of useful wave lengths.

A most versatile and precise technique
has been described recently which in
volves simple physical principles for
both wave-length and absorbance cali
bration [Heidt, L. J., and Bosley, D. E.,
J. Opt. Soc. Amer., 43, 760 (1953)].
The technique for wave-length calibra
tion is based on the locations of the
maxima and minima of the absorbance
wave of a pair of transparent closely
spaced parallel plates. Calibration for
absorbance is based on the absorbances
of properly orientated screens of square
woven single strands of brass wire.
Both principles are very old and have
been used in related problems before,
but Heidt and Bosley have made skillful
use of them for calibrating spectro
photometers.

As a means of covering the entire
ultraviolet and visible range, the authors
use quartz plates half aluminized on the
surfaces facing each other. Silvered
glass plates may be used for the visible
region only. The plates must be at
least 0.25 inch thick to avoid distortion.
They are separated by rolled gold foil
spacers, the thickness being 8, 10, and
40 times 10-4 cm. for use with the
Hardy-G.E., Beckman, and Cary
spectrophotometers, respectively. The
periodic amplitude change in the
absorbance wave is produced by inter
ference effects arising from the thin film
of air between the plates. The wave
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lengths of the centers of the absorbance
maxima are !!;iYen by the equation:

AN = 2dlN

where.\' is the order of interference and
d is the distance between the plates.
More conveniently expressed, the
distance bet,,'een adjacent maxima or
minima is given by:

1/A' - l/A· = n/2d

where n is unity for adjacent maxima.
or minima. The latter equation is also
useful for a precise estimation of d
becanse a plot of reciprocal wa\'e length
against successi\'e integers is a straight,
line of slope 1/2d or 1/4d, depending;
upon whether maxima or minima haye
been chosen with respect to the runnin,t!:
index. If an absorbance wave is
recorded through the interference pack
and compared with a recording of the
hydrogen spectrum in the band region
(ca. 3600 to 4400 A.), the curves may
be used to determine the wave length's
of the maxima and minima of the ab
sorbance wave.

The authors also record careful studies
on the absorbance of wire screens with
considerably more attention to orienta
tion factors than has been gi \'en by
earlier im·estigators. Theil' data show
close agreement with the absorbance
calculated from the structure of the
screen for which the per cent open area
= 100[1 - mS X (2 - mS)] where m
is the mesh (wires per inch) and S is the
diameter of the wire in inches.

High Speed Catlwde-Ray
Indicating Spectrophotometer

In 193,5, we demonstrated :.I high
speed cathode-ray indicating spectro
photometer [Muller, R. H., and Gar
man, R. L., Mikrochemie, 21, 302
(1936)]. At that time it was hoped
that the fullest resources of electronics
might be applied to the problem and
that the young television industry could
undertake improvements. Despite the
tremendous developments since then,
there is no cathode ray spectrophotom
eter embodying e\'en a small fraction
of television know-how. However, the
lapse of 18 years has brought at least
one commercially available instrument
which can afford, as we originally
showed, an almost instantaneous and
repetitive indication of absorption,
reflectance, or emission spectra. A
good description of the American
Optical Co.'s instrument has been given
by R. C. Beitz [J. Opt. Soc. Amer., 43,
773 (1953)]. The curves are presented
on a 5-inch scope with a linear wave
length scale and linear per cent trans
mission scale. An ingenious nonlinear
sweep circuit achieves the linear wave-
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graphic recording
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length scale despite the nonlinear
property of the spectrometer prism.
Optical means correllt for light source
energy distribution !lind the selectivity
of the photomultiplier tube. The re
sultant output is an essentially equal
energy line for white light (no sample).
OrdiIiate and abscissa eXpansion can be
used for closer examination of portions
of the spectrum. These are achieved by
horizontal and vertical gain controls.

This is an unusual instrument and
should find many special and unique
applications. It is likely that the
principal applications will be in rapid
and automatic, inspection !tnd scientifi
cally in gaining more intimate informa
tion about reaction kinetics. In the
latter connection, we showed motion
pictures at the 1936 Baltimore AGS
meeting illustrating the kinetics of the
hemoglobin-oxyhemoglobin conversion.
Britton Chance of the University of
Pennsylvania has made elegant exten
sions of this technique and applied them
to numerous biochemical problems.

It is to be regretted that there has
been so ml,lCfl delay in producing such
an instl'lJment. More regrettable, per
haps, is the fact that the achievement
represents electronic and television
practice of the vintage of 1940. It is
ironical that the research chemist has
but one choice of instrument to view
spectra, whereas in his home he can,
.-jew scenes on a 2Q-inch screen, a
process which intrinsically, is far more
complex that the spectrophotometer.

A faint notibn of what Can be' accom
plished in these times by the complete
utilization of modern electronic tech
niques can be learned from a papel' by
Brehm and Fassel [J. Opt. Soc. Amer.,
43,8,8(;) (1953)]. This stimulating paper
deals with an entirely new approach to
direct-reading spectrochemical analysis.
Whe.reas' existing direct readers employ
a separ!tte photomultiplier for each
analytical spectral line, these authors
use a single tube and read each of the
.lines sequentially in a rapid scanning
s·pectrometer.Each line in turn is
presented on a scope. The pulse
heights are "read" and converted to
.equal amplitude "bursts" whose number
is proportional to the magnitude of the
original spectral line pulse. The sep
arate lines which are of interest ate
sorted by electronic gates. High speed
scalers and mechanical registers in
dicate the time integrals of the spectral
line, intensities. Intensity ratios are
automatically computed after the ex
posure and recorded on a ,strip chart
recorder empirically calibrated to read
directly in Pel: cent. Preliminary re
sults indicate !ttl analytical precieion of
±1%.
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AI Olin Industries, every barch of manganese
dioxide is checked for crysral srrucrure. In
minutes, their RCA Electron Microscope gets

ar the problems of long shelf life and battery
capacity which formerly required days (some
rimes months) of tesring.

ANALYTICAL CHEMISTRY

How Custom-Built Mn0
2

Prechecks Battery Performance

For information on the RCA Electron
Microscope and RCA's training assist
ance program, write Scientific Instru
ments, Dept. llX, Radio Corporation
of America, Camden, N. J.

If you have a quality-control problem
perhaps you can find a solution in the
study of your product's fine structure.
The RCA Electron Microscope- 100
to 200 times more powerful than the
light microscope-offers you magnifi
cations up to 80,000 diameters (photo
enlargements provide magnification up
to 20,000 diameters).

Olin Industries institutes
new quality-control technique

At Olin Industries the RCA Electron
Microscope has come out of the realm
of pure research to settle down to the
everyday job of saving hours and dollars
as a production-control tool.

Using the RCA IHectron Microscope
to identify the various forms of man
ganese dioxide-which produce either
long life or high capacity in batteries
Olin engineers can now control product
quality before the prodllct is bllilt. By
maintaining close control over raw
product and finished batteries, pro
duction-control men actually prechcck
battery life during production.

• • •

Micrographs and diffraction pa"erns
produced in rhe RCA Electron Micro
scope permit identification of various
types of Mn02 crystals.

SCIENTIFIC INSTRUMENTS

RADIO CORPORATION 0' AMERICA
ENGINEERING PRODUCTS DEPARTMENT, CAMDEN,N.J.

In Canada: RC A VICTOR Company Limited, Montreal

• Electron Microscope
• Vacuum Units
• Shadow Caster
• Vacuum Leak Detector
• Electron Diffraction

Equipment
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___Kodak reports to laboratories on:
the finest roll-film camera we make... sensitized materials for the autoradiographer .•. three
recent publications on color photography, scientific photography, and industrial radiography

Three books

These three fellows of ours are smil
ing for the photographer in celebra
tion of the publication of their book,
"Principles of Color Photography."
]n the book they don't smile at a]I.
Soberly and with an abundance of
illustrations, Messrs. Ralph M.
Evans, W. T. Hanson, Jr., and W.
Lyle Brewer (pictured r. to I. in that
order) present the theory behind
visual and photographic sensitome
try, analyze the methods of obtain
ing colorant images, and tell how
they are combined to give color
processes. It's sold by Kodak deal
ers for $11, and no inventor of new
systems ofcolor photography should
be without a copy.

No user, or prospective user, of
the photographic emulsion as a
scientific instrumentality should be
without a copy of "Kodak Photo
graphic Plates for Scientific and
Technical Use." Besides giving the
detailed information implied by the
title, it contains just about the most
concise precis of the scientific theory
of photography to be found. The
new edition has been extensively
revised. Kodak dealers sell it for
50¢.

Still lower on the price scale,
namely free, is another newly re
vised booklet, "Kodak Materials
and Accessories for Industrial Ra
diography." This one tells how to
pick the best type of film for any
non-medical job involving exposure
to x-rays and describes various de
vices to make life more pleasant in
the x-ray laboratory. You can get a
copy by writing Eastman Kodak
Company, X-ray Division, Roch
ester 4, N. Y.

Prices include Federal Tax where
applicable and are subject to
change without notice.

to the overlapping of densities from
active sites. K.A .P.B.S.F.(E.) is sup
plied 35mm wide and unperforated,
5 feet to a roll.

Not to be confused with it is
Kodak Autoradiograplric Stripping
Film, Type NTB. This consists of a
IO-micron emulsion on a thin cellu
lose ester film which can be split off
from a carrier sheet of ordinary
film base. The impermeable cellu
lose ester layer tends to eliminate
chemical and abrasion artifacts and
prevents direct contact between the
photographic developer and the ra
dioactive section. It also prevents
stain in the tissue section from stain
ing the emulsion. The material
comes as 4" x 5" sheets.

For work where low radiation
flux necessitates sacrifice of fine
grain qualities for higher sensitivity,
we can supply 25-micron-coated
Kodak A utoradiographic Plates,
Type A. An even greater sacrifice in
that direction is represented by
Kodak Autoradiograplric Plates,
Type No-Screen.

If you know which autoradiographic
material you want, just call up your
Kodak Industrial Dealer and order il.
If you have queslions, write Eastman
Kodak Company, Industrial Photo
graphic Division, Rochester 4, N. Y.,
and find out if we can answer them.

~-r
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autoradiographer no less than for
fashion photographer, we provide a
choice of sensitized medium and
technique:

Kodak Autoradiograplric Permea
ble Base Stripping Film (Experimen
tal) has a 5-micron-thick emulsion
(thinnest emulsion to be found in
any Kodak sensitized product, by
the way) coated atop a 5-micron
layer of plain gelatin which pro
vides mechanical support after the
two together are stripped off the
ordinary film base that acts as a
carrier. Emulsion side down, the
combination is then floated onto
the microscope slide. Processing so
lutions permeate the photographi
cally inert gelatin, but since it takes
on no density, it cannot contribute

The Chevron
The world's best known camera
manufacturer has just announced
its finest roll-film camera. While not
surprising, this is nevertheless news.

The camera provides the size ad
vantage of 2 'l4" X 21,4" negatives or
color transparencies, yet is used at
the eye-level position preferred by
many. It has the world's fastest be
tween-the-Iens shutter, with rotat
ing blades for smoother, more ac
curate exposure. There are ten
speeds from 1/800 second to one
second, plus "B." Flash synchroni
zation is continuously adjustable
for top efficiency at all shutter
speeds with both Class F and Class
M flash bulbs and electronic flash
equipment like the Kodatron Speed
lamp.

The lens is a 78mm 1/3.5 Kodak
Ektar Lens-a finer one we doubt
you can bu)'. To provide the focus
ing accuracy such a lens merits,
there is a split-field rangefinder op
erating from 31/2 feet to infinity and
based on such advanced design fea
tures as double V-bearings for mov
ing its mirror, ball-bearing mount
ing for the focusing tube, and cams
almost eight inches long machined
to accuracy within .0005" through
out their length. The rangefinding
operation automatically applies the
proper parallax -correction to the
adjacent viewfinder. An adapter is
available to take No. 828 film for
the larger 28 x 40-mm Kodachrome
slides. Weight: 2Y2 pound!. Price:
no fortune but a sensible $215 for a
piece of equipment of strictly pro
fessional calibre. (Worth keeping in
mind, for example, as a retirement
gift for someone who respects noble
instrumentation.)

Superlalives in prinl lire Ihe eyes. If
you wanl 10 see a well-buill camera, go
down 10 your Kodak dealer and ask him
to show you the Kodak Chevron Cam
era. Since quantilies are still limited,
there may be a lillie wait for delivery.

Autoradiography
One who makes good microscope
preparations is something of an
artist, although he may also be a
first-rate scientist. If autoradiog
raphy is involved in the prepara
tion, it widens the scope for artistry
in matching medium to subject. For

This is one of a series of reports on the many products

and services with which the Eastman Kodak Company and

its divisions are .•• serving laboratories everywhere
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level visibility and to make weights convenient to manipu
late. The large weights have sharp hanger edges and
their beams are deep-notched to insure that settings
will be positive and accurate.

RAPID ZERO SETTING!
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careless acceptance of a poor zero setting because of
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Hydrogen Determination

A new instrument for measuring the
percentage of hydrogen in liquid hydro
carbons by absorption of fj-rays from
strontium-90, rather than through the
use of a combustion chain, has been an
nounced by Central Scientific Co.

Cenco predicts that its Beta-Ray HIC
Meter, developed by Standard Oil Co.
(Indiana), will reduce control test time
for petroleum products from four hours
to five minutes while increasing accu
racy 100%. Individual determinations
can be made with a statistical probable
error of 0.02 weight % hydrogen, it is
claimed. Corrections elin be made for
oxygen, nitrogen, sulfur, lead, or other
elements present. Designed for control
of production operations in petroleum
refining, the apparatus has potential
applications in process control of phar
maceuticals, chemicals, foods, and other
products.

The instrument's fj-ray source is con
structed to radiate equally in two direc
tions. One beam traverses a fixed ab
sorber and proceeds to an ionization
chamber fj-ray detector. An equal
fj-ray traverses the sample cell and a

wedge-shaped absorber before entering
another detector. A galvanometer indi
cates the difference in magnitude of the
electric currents produced in the two
ionization chambers. The density of
the liquid sample is measured simultane
ously by the weight displacement
method.

In use, the sample cell of lO-cc. capac
ity is filled with the test hydrocarbon.
The wedge is then moved until the
galvanometer indicates equal currents
in the ion chambers. At this point ab
sorption of the sample plus that of the
wedge equals the absorption of the
fixed absorber, and the position of the
wedge is recorded as a measure of its
absorption. 1

Fluorimeter

A fluorimeter based on a design which
eliminates the need for air or water
cooling systems and optical meters is
now in production by Jarrell-Ash Co.
The instrument consists of an ultra
violet light chamber and sample slide,
a detecting and measuring unit, and a
power supply. All components except
the power supply are mounted in a
metal base to form a compact, portable
unit.

The ultraviolet light chamber of the
fluorimeter consists of an aluminum
block which holds the ultraviolet lamps
and contains an opening for the sample
slide. Lamps used developed little
heat, so that no special cooling is re
quired. With the cooling system elim
inated, the sample slide, light source,
and detecting unit can be mounted in
close proximity to make optical sys-

terns unnecessary and permit lower
voltage across the dynode of the photo
multiplier tube. The sample slide con
tains compartments for a small or large
sample melt and a fluorescent standard.

The detecting unit, located above the
light chamber, has a photomultiplier
tube which is separated by a set of filters
that screen out unwanted light. Cur
rent developed by the photomultiplier
tube is measured by a stable vacuum
tube voltmeter. Because of the depend
ence of the photomultiplier tube on
voltage, a vacuum tube regulated power
source is used. Line voltage variations
between 90 and 120 volts will produce
no change in output and the ripple
voltage is less than 0.03 volt a.c. at full
power output of 640 volts d.c. 2

Gas Flow Meter

The Model 30 Vol-O-Flo dial-indicat
ing gas flow meter offered by National
Instrument Laboratories, Inc., conaists
of a differential pressure gage across a
linear pressure drop flow element. It is
designed for measuring the rate of flow
of gases at pressures to 20 pounds per
square inch gage or vacuums as low as
1/2 pound per square inch absolute.

The indicator can be used several

•
•
••
•
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feet' distant from the flow element and
neither indicator nor flow element re
quire leveling. Use of a mechanical dif
ferential pressure gage makes operation
at temperatures from -60 0 to 1800' F.
possible. Instruments are available
with full scale flow ranges from 0.003
to 30 cubic feet per minute for most
gases. 3

Recording Spectrophotometer

Beckman Instruments, Inc., has de
veloped an automatic recording spec
trophotometer which can run analyses
practically unattended, yet with accu
racies said to match the best manual
operation. This new routine instrument
is built around the single-beam quartz
monochromator of Beckman's DU spec
trophotometer to combine the,accuracy
of the Model DU with rapid automatic
operation.

The Model DR spectrophotometer
measures and records per cent transmit
tance in the 210 to 1000 millimicron
region of the spectrum. As many as
three samples can be run sinlultanemi.sly,
with each curve plotted in a different
color. It takes 8 seconds to record a
point for one sample, 10 seconds for two
samples, and 12 seconds for all tliree.

Operation ofthe Model DR is always
at highes,t sensitivity or resolutiOn of
which the instl1lment is' capable for
optimum signal-to-noise ratio. Once its
controls have been set, the instrument
can run by itself for a whole day; an
operator is needed only to change
samples, chart paper, and scanning
regions. The automatic unit of the
equipment can be attached to any
standard Model DU spectrophotometer
with no change in monochromator. 4

Polyethylene Beakers

One-liter beakers of polyethylene
molded in one piece and with reinforcing
rings for added strength are available
from the Technicon Co.

The beakers are flexible and unbreak
able. They are inert, nonconducting,
and, in additiOI~, translucent, so that
the inside liquid level is visible. Molded
construction is said to offer a more dur
able yet less expensive product. 5

Synchronous Rotator

Designed for use in amperollletric
titrations with rotating metallic mlcro
electrodes, E. H. Sargimt & 'Co.'s syn
chronous rotator incorporates a hollow
shaft chuck to hold the electrode
securely in line with the axis of rotation
and a constant speed drive, compactly
assembled with a terminal connecting
post and line switch.

The rotator is driven by a heavy-duty
capacitor-type 'synchronous electric
motor which, when connected to a 60
cycle power line, drives the chuck at, a
constant speed of 600 r.p.m.-a speed
found to provide reproducible results in
amperometric titrations. The chuck
will accommodate electrodes 1/4 inch
in diameter and has sufficient range to
hold normal variations in the diameter
of 6-mm. commercial tubing. 6

laboratory Partitions

For flexibility in laboratory construc
tion, Virginia Metal Products, Inc., has
designed movable steel partitions of 6
inch thickness that include internally
housed utilities. VMP Mobil-Lab
Walls offer partition post and panel
construction to provide access to and
support for mechanical and electrical
services. Up to 20 feet of services and

ANAL YTIC ALe HEM-I S TRY

utilities, in one section, can be removed
without disturbing work in the adj~ent
laboratory. Twenty-foot sectigns~ ac
cording to the manufacturer, ,resuU 'in
fewer joint connectiona and miirimum
leakage potential; and af,so reduce instal-
lation, and maintenance costs. .

Shelving and wall cabinets can be
mounted on metal hangers secured
behind the cornice by mechanical, fast
eners, and can be easily· installed,
changed, or removed. 7

Explosion Chamber

Tenney 'Engineering, Inc., has added
an explosion chamber to' its line of en
vironmental test equipment. The ap
paratus can be used to determine the
effect of explosions on materials and
assemblies or the explosion hazards of
equipment operated in an explosive
atmosphere. The equipment comprises
a cylindrical shell, devices to cause an
explosion, and' control instruments.
It can be furnished in a variety of sizes
and with auxiliary equipment. A
vacuum pump permits simulation of
high altitude conditions.

Explosions are caused by igniting a
mixture of butane and air by means of a
spark plug, or equipment on test can
be operated in the butane atmosphere
to determine whether it will set off an
explosion. Two adjustable pressure
relief valves located on top of the cham
ber allow expanded gases to escape. A
scavenging valve can be opened to re
lease burnt fumes.

The door of the chamber is gasketed
for vacuum runs and is provided with a
l.2-square-inch window for observations.

8

Plastic Tubing

A flexible, transparent plastic tubing
for temporary or permanent fluid lines
has becn announced by American Hard
Rubber Co. Ace-Flex is inert to most
inorganic acids and alkalies and is re-

(Continued on page 30 A)

Use this handy return card
to save yourself time. It
will bring information of
use to chemists and engi
neers in laborotory. pilot
plant. and production. The
items listed in this special
section have been selected
by the editors of ANALYTI
CAL CHEMISTRY for their
value and timeliness in
helping you to keep abreast
of the latest developments
in the field.
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Note the location of the magnetic
field which frees the bottom of the
flask for the application of heat or
cold during the stirring operation.

Now, you can mix liquids in a closed container under vacuum

while simultaneously heating or cooling. That's because

the magnetic field in the "Lew" Stirrer is above the vessel proper,

leaving the underside entirely free. This design also prevents glass

breakage caused by friction between the stirring magnet and the
"Pyrex" glass flask.

Two permanent magnets made of Alnico V and an anti-magnetic

"Pyrex" glass cover comprise the powerful magnetic field. The

upper magnet, attached directly to the motor shaft, is entirely

outside the vessel and may be swung to one side even during opera

tion! The lower magnet, connected to the "Pyrex" glass stirring

rod and blade, is mounted in a "Pyrex" glass adapter and fits into

the neck. of the flask on which the glass cover rests. As the contact

between the rotor and motor is indirect - achieved only through

the magnetic field - a hermetically sealed vessel is obtained.

29A

There are two "Lew" Magnetic Stirrers available for agitating
liquids up to a consistency of glycerin - Model A for vessels up
to 5 liter capacity; Model B for vessels up to 50 liter capacity.
Descriptive circular sent on request.

No. J-2165X 6-Pole Magnetic Stirrer, Model A, as described.
(Please specify flask capacity):

T 24/40 29/42 34/45 40/50 45/50 55/50

Each $28.50 $28.80 $29.20 $29.70 $30.25 $30.75

No. J-2165-1X 8-Pole Magnetic Stirrer, Model B, similar to
Model A but with more powerful magnets.
(Please specify flask capacity):

T 24/40 29/42 34/45 40/50 45/50 55/50

Each $69.60 $29.70 $70.00 $70.50 $71.00 $71.60

* Patent Applied For .SCIEMTIFie GLASS RPPRRRTUS CO.• htc.~ ~~ 11 BLOOMFIELD - NEW.JERSEY

~ lA80RATORYAPPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE
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sistant to many organic chemicals. It
is easily cleaned and may be steam
sterilized.

Ace-Flex can be connected to glasii,
metal, or plastic fittings and can be
coupled without difficulty. Ketone
type cement can be used to weld penlla
nent joints. Standard size~ range from
0.12 to 1 inch inside diameter. 9

Electroanalyzer

Fisher Scientific Co.·s Controlled
]'otential Electro-Analyzer features an
elet'tronic unit atop the in~trument de
signed to make constant readj ustment of
('a tllOde or anode potential required
for quantitative analysis of se\'eral
metals from the same solution. The
unit senses changes in the potential be
t\\"Cen cathode or anode and the ,:olutiol1
:Illd increases or decreases the applied
potential to maintain the desired elec
trode-to-solution potential. The oper
utor need only dial the desired potential
on the panel and position the beaker con
taining the multimetal sample. Two
independent sample stations permit
simultaneous determinations of either
duplicate or different samples.

By glvmg successive determinations
of several metals in one sample auto
matically, the apparatus speeds up
routine metallic assays. It may also
be used to study the electrolytic oxida
tion of organic compounds through addi
tion of increments of potential and ob
ser\"l1tion of the resulting current flow.

10

Reagents

Two new ['eagents are available from
Distillation Products Industries.

X',:V'-Diethylsulfanilamide acts as a
colorimetric reagent for thyroxine. It
pro\'ides an assay based on diawtization
of the reagent, formation of a strongly
eolored reaction product with thyroxine,
and extraction in n-butanol.

1/1-Toloxyacetic acid is a reagent for
separating thorium from the rare earths
o)f monazite sands and from uranium.

11

API Standard Compounds

A number of hydrocarbons and
organic sulfur compounds are newly
available as American Petroleum Insti
tute Standard samples.

Hydrocarbons now offered include:

:3-methyl-cis-3-hexene, 2,3-dimethyl-2
pentene, and 1,3,5-triethylbenzene.

New organic sulfur compounds are:
4-thiaheptane, 1-propanethiol, benzene
thiol, 2-meth~'I-l-propanethiol, and
methanethiol. 12

Methoxyethyl Thioglycolate

Water-white ester available from
Evans Chemetics, Inc., has a boiling
point of 1l2° to 113° C. at 23 mm. It
is recommended for use in making sub
stituted amides of thioglycolic acid or in
synthetic steps requiring; aleoholysis. 13

Zinc Dust Reagent

A special IO\\"-nitrogen grade of zinc
dust is being sold by Fisher Scientific
Co. for completely reducing the last
traces of partially reduced nitrogen
compounds to ammonia after acid diges
tions in Kjeldahl analyses. The reagent
assays better than 9.,>% zinc and con
tains less than 0.001 % nitrogen. 14

Agilene bottle carriers made entirely
of corrosion resistant polyethylene are
being marketed by American Agile
Corp. for handling Iarg;e bottles of acids.
The carriers are lightweight and un
breakable. A bail type handle is pro
\'ided and a snug fitting cO"er holds the
bottle safely in position, e\'en when it is
tilted for pouring.

Agilene bottle carriers may also be
used to transport iced sample bottles
containing monomers or reagents which
hoil below room temperature. 15

Homogenizer

For emulsions, solutiuns, electron
microscope preparations, and biochem

ica.l and biological re
sp:uch, E. :'1achlett &
:-)on has introduced a
lahoratory homogenizer
suitable for micro or
macro work.

The apparatus has a
rate adjustment knob
for easy speed control
from 100 to 27,000 r.p.m.
Three specially designed
fluted homogenizing
flasks made of stainless
steel or borosilicate glass

handle \'olumes ranging frum 0.2 to 50
m!' Efficient cutting; blades of stainless
steel gi \'e rapid homogenizations.
Changing of flasks and blade assemblies
can be accomplished quickly. 16

Radioactivity Absorber Set

A packaged set of radioactivity ab
sorbers, consisting of 24 lead and alumi
num disks mounted in uniform plastic

AN AL YTICAL CHEMISTRY

rings, can be obtained from Nuclear
Instrument & Chemical Corp. The
Model C-101 absorber set is used with a
Geiger tube mount and a scaler or count
rate meter to determine the energies of
photons and beta radiations, check iso
tope purity, identify radioactive species,
study decay schemes, or count a radio
isotope in the presence of another.

Activity readings are taken with vari
ous absorbers placed between the Geiger
counter and the radioactive source,
Successively heavier absorbers are posi
tioned one at a time over the radio
active sample until there is no longer
any measured acti,'ity. In this manner
a characteristic absorption curve is
obtained for the isotope in question.

The absorbers are F/a inches in diam
eter and 3/16 inch thick. Each is indi
vidually calibrated. 17

Toepler Pump

A Toepler pump designed by Grant
Urry of the University of Chicago fOI

use in the quantita
ti ve transfer of gases
and ,'olatile liquids
for gas analysis, re
actions in vacuum
line apparatus, and
analysis of absorbed
gas in solids is being
manufactured by
Wakefield Industries,
Inc.

The new design is
said to be more compact and to give
better support for the mercury used. It
can be made with a large piston volume
within a reasonable size, yet with short
movement of mercury. The minimum
mercury movement allows the pump t,)
be operated at high speeds. A pump
with a piston volume of 800 cc. and an
operating piston cycle of 35 seconds can
evacuate a 2-liter system to 0.15% of
original gas in approximately ten min
utes. 18

Electronic Timer

For timing requirements, such as in
viscosity determinations, Hallikainen
Instruments has a timer that provides
accurately regulated 60-cycle voltage
and eliminates errors due to fluctuating
frequency. The device is designed to
furnish power for one to 36 odometer
counters and will register time intervals
from 0.1 to 1000 seconds accurate to
0.1 second. Power output is 115 volts,
60 cycles, 150 watts.

The unit is constructed in three parts
and contained in a single cabinet. The
upper section houses a tuning fork unit
and a fork amplifier. Mounted on the

For further information, see coupon on
page 27 A
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Scintillation Scaler

A scaler suitable for alpha, beta, and
gamma scintillation counting tlu-ough
use of easily changed crystal phosphors
is being produced by Reed-Curtis
:-icientific Instrument Co., Inc. The
unit is provided with external connec
tors for accessory Geiger tubes and
,;cintillation counters.

The instrument features binary type
~cales up to 256 and uses a mechanical
register in collecting these units up to
J0,000. Count can be preset from 40 to
256,000. High-voltage power supply is
c:ontinuously variable from 750 to t500
volts d.c. 21

Magnetic Stirrer

Fisher Scientific Coo's Flexa-Mix
stirrer is designed for use in limited space.
It is 23/. inches high, 41/. inches wide.
Maximum speed of the motor at full
loa,d is 1650 r.p.m.

The FIexa-Mix assembly includes a
stirring motor in an aluminum housing,
a cast iron support plate with an integral
elamp, and two Alnico stin;ng bars
one sealed in glass and the other in poly
ethylene. The base plate has four holes
iuto which the motor's rubber feet fit,
making it possible to use the stirrer in a
variety of positions and tilts and on
stands or frames. 20

panel is an electric clock which is pow
ered by the amplifier to provide for
adjustment of the tuning fork. The
eentersection houses the power amplifier.
Located on the panel of this section is
an output voltmeter. The lower section
contains a high-voltage power supply.

19

Electron Microscope

:\'orth American Philips Co., Inc., has
a new eleC'tron microscope that has ap

proximately half
the po-wer of Phil
ips' larger EM-IOO
mooel and is less
expensive. The
EM-75 instrument
utilizes an elec
tron-optical sys
tem having con
denser, objective,
and projector
lenses. Magnifica
tion is continu
ously adjustable

hetween 1500 and 15,000 diameters.
Resol ving power is bett.er than 100 A.
The instrument is 74 inches high, 37
inches wide, and 25 inches deep.

The electromagnetic deflection
method is used for beam alignment and

For further infonnation. see coupon on
page 27 A
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OF RESEARCH

Laboratory Ovens

Two series of ovens have been an
nounced by Labline, Inc. Force-Aire
ovens for temperatures to 950 0 F. have
either horizontal or \'ertical mechanical
flow of air provided by a high pressure

blower.. They are available in two tem
perature ranges and four sizes ranging
from 19 X 19 X 19 inches to 25 X 50 X
37 inches.

Labline's Bench-Saver ovens feature
controlled temperatures to 520 0 F. with
three-way variable air flow. Blower is
of the high pressure type and provides
uniform air velocity through the work
ing chamber by a series of baffled per
forated walls. Air velocity can be regu
lated by a damper from 75 to 250 feet
per minute. The ovens are made in
three sizes, all floor models. 24

MANUFACTURERS' LITERATURE

Ethylenediaminetetraacetic Acid. An
8-page bibliography covers the 1952
literature on this sequestering agent, in
cluding its analytical applications. Al
rose Chemical Co. (Sequestrene). 25

Platinum Crucibles. Notes on the care
and use of platinum crucibles and dishes
are available in 8-page bulletin. J.
Bishop & Co. 26

Pressure Reaction Apparatus. Six
page bulletin describes an improved
model of shaker-type pressure reaction
apparatus for catalytic reduction and
other reactions with hydrogen at pres
sures to 5 atmospheres. Parr Instru
ment Co. (Spec. 3910). 27

Can Seam Inspection. A i-page folder
covers apparatus and accessories for
examining double seams on cans by pro
jecting magnified image of the cross sec
tion of the seams. Wilkens-Anderson
~. ~

First Aid Kits. A 6-page folder de-
scribes first aid kits available from Mine
Safety Appliances Co. (Bull. 0401-2).

29

Abrasion Testing Set. A folder of 6
pages describes an instrument for meas
uring the abrasion resistance of surfaces
of various materials. Taber Instrument
Corp. (Abraser). 130

Absorptive Lenses. Information on
absorptive glass lenses for eye protection
in glass blowing and other operations

. where an intense yellow flame is en
countered is presented in a 2-page sheet.
Fish-Schurman Corp. (Neophan). 31

Mass Spectrometers. A] 2-page book
let on the components and use of mass
spectrometers for chemical analysis.
General Electric Co. (GEC-587A). 32

Valves and Pressure Regulators.
A 66-page catalog contains engineering
data on small valves, pressure regula
tors, steel cylinders, flow gages, torches,

For further information, see coupon on
page 27 APLASTICS AND SYNTHETICS DIY.

Specify the genuine ... the
quality tubing that is branded
- Tygon R·3603. Available at
your laboratory supply house.

PRODUCT OF

u

sold by Millivac Instrument Corp. The
meters can be equipped with terminals
for connection of external indicating
instruments and recorders.

Included in the new line of meters
are a d.c. millivoltmeter having a low
est range from 0 to one millivolt,
6 megohms input, and an a.c. voltmeter
with a lowest range of 0 to 3 millivolts,
20 cycles to 250 kilocycles per second.

23

Tygon R-3603 is chemically inert, com
pletely non-toxic and non-oxidizing. Glass
clear, Tygon R-3603 offers complete solu
tion visibility. Its mirror-smooth walls offer
minimum restriction to flow. Tygon R-3603
while extremely tough and durable is flex
ible as a string. It is easily connected and is
adaptable for branching lines with Tygon
"y" fittings. Tygon R·3603 is normally
available in sizes ranging from .120" LD.
--2" 1.0.

Where rigid laboratory specifications for
control must be met, Tygon R-3603 flexible
plastic laboratory tubing is specified by
research laboratories the world over.

focusing is facilitated by a beam wob
bleI'. Specimen carriers for l/s-inch
diameter grids and plates are available.
The specimen carrier can be tilted 15 o.

without breaking the vacuum, for
stereoscopic exposures. Diameter of
the image is 31/ S inches and a supple
mental 2X optical magnifier ean be
fitted into the column.

A camera using 35-mm. film is em
ployed. Vacuum obtainable is 10-4

mm. of mercury, using a rotary pre
vacuum pump and an oil diffusion unit.

22

Voltmeters and Amperemeters

A line of rack-mounted vacuum tube
voltmeters and amperemeters is being



For further information, see coupon on
page 27 A
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Send for
Illustrated

Catalog
FREE

Chicago 14, illinois

Prompt Delivery

pH Meters
Electronic Photometers
Multiplier Photometers
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OYER 50 YEARS EXPERIENCE BUILT
INTO FINE LABORATORY FURNITURE

Only Peterson offers the plus of more than a half century
know-how in the design and manufacture of quality labora·
tory equipment. That is why it is the standard of com·
parison in every field from coast to coast.

Peterson's staff of planning experts zealously guard this repu
tation by constant study of changing techniques under actual
working conditions. A representative near you is at your
service to give you the advantages of this experience. Con·
suit with him today, no obligation of course.

1230 FuUerton Ave.

PHOTOVOLT CORP.

LUMETRON
Photoelectric COLORIMETER and FLUORESCENCE METER

Mod.402-EF
-~""..

A high precision instrument of unusual
flexibility for all tests involving . . .

TRANSMISSION
FLUORESCENCE
NEPHELOMETRY

Write for Literature

95 M.dilOn Ave. New York 16, N. Y.

Also
Colorimeters
Reflection Meters
Densitometers

PETERSON

Hoke, Inc.
33

fittings, and accessories.
(Cat. 2).

Thermometers. Recommended speci
fications for fractional degree and gen
eral laboratory-grade thermometers
available in a 2-page announcement
from Scientific Apparatus Makers Assoc.

34

Balances. Series of descriptive bulle
tins on German-made analytical and
special-purpose balances is available
from C. A. Brinkman & Co. (Sartorius
Balances). 3S

Electrophoresis-Diffusion Instru-
ment. Instrument featuring double
sensitivity in an optical system based
upon double passage through the cell is
described and illustrated in 8-page
pamphlet. Specialized Instruments
Corp. (Form 8H85S). 36

Tetraethyllead Analyzer. Theory,
operation, and test methods for direct
reading, push-button polarographic
analyzer for tetraethyllead in gasoline
discussed in lO-page booklet. Fisher
Scientific Co. (TEL-Meter). 37

Polyglycol Ethers. Technical data on
a series of monomethyl and monooctyl
ethers of polyethylene and polypropylene
glycols are available from The Dow
Chemical Co. 38

Vermiculite. Eight-page report sum
marizes chemical and physical properties
of vermiculite and lists its uses. Zono
lite Co. 39

Organic Chemicals. Revised booklet
of 20 pages on physical properties of
synthetic organic chemicals tabulates
data on over 330 products of Carbide
and Carbon Chemicals Co. (Booklet F
6136). 40

Hardness Tester. Description of shear
hardness and diamond scratch tester
for determining the resistance of plastics
and plastic-coated surfaces to scratches,
scrapes, and similar damage is presented
in 4-page leaflet. Taber Instrument
Corp. (BuU. 5002). 41

Ketones. A 44-page bulletin on com
mercial ketones covers uses, specifica
tions, and shipping data and presents
detailed information on test methods,
as well as tables and charts of physical
properties and a bibliography. Car
bide and Carbon Chemicals Co. (F
4767). 42

Vacuum Equipment. Illustrated cata
log of 114 pages covers vacuum pumps,
diffusion pumps, vacuum evaporators,
coaters, glass blowing equipment, rub
ber tubing, ovens, and other equipment.
Research Vacuum Supply Co. (Cat.
lS-K). 43
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.E~p!osives

Petroleums. '

G~soline
, . oiis:~:~~ s'.~ .
~' Slfgf.t;~rad
f,;Dy"~Uff' ..
, ·'Alb...;;'i"$'

DISTRIBUTORS:

Designed to fill the growing need for
a precise, reliable and stable manual
polarographic instrument ... will
measure all the fundamental charac
teristics of a dropping mercury
electrode system (such as half-wave
potentials and diffusion curren ts) in
absolute terms and with high preci
sion. Such a calibrated instrument
is of utmost importance in routine
work when complete waves are not
obtained. It may also be used as an
accurate potentiometer wherever an
electrometer is not necessary. ONLY
instrument with all these features:

• 25 turn helical potentiometer ac
curate to 0.1 %, reading to one
millivolt with a span voltage of
2.5 v. - and to double this value
at a span voltage of 5.0 v.

• Self-contained standard cell and
standard resistors for calibrating.

• Low resistance galvanometer with
sensitivity approximating 0.005
microamperes per millimeter.
Multiple shunt from I x to 300 x.
Scale length: 320 mm.

American Instrument Co. Adolf Frese Corporation
Silver Spring, i\-Lln·l.lnJ Los Angeles IS. California

Arthur S. LaPine & Co. Capitol Surgical Supply Co.
Chicago 29, Illinois Harrisburg, PeJ'lnsylvania

General Scientific Equipment Co.
Hamden 14, Connecticut

52 Duane Street New York 7, N. Y.

Remember that for Chromotogrophy and Elec

trophoresis, WHATMAN Filter Papers and

Cellulose Powders are World Renowned.

WHATMAN

Whether you analyze ferrous or
non-ferrous metals, WHATMAN Filter
Papers will serve you faithfully.

H. REEVE ANGEL &CO., INC.

WHATMAN No.7 is exactly right
for filtering ammonium phospho
molybdate. It retains this pre
cipitate very well, filters rapidly
and breaks up readily for the final
titration.

Send today for a simple chart
that may help you with your filtration
problems.

Filter Papers

for

Metal Analysis

For sulfur precipitated as Barium
Sulfate, Tin as Metastannic Acid and
similar fine precipitates, No. 42 is
favored.

In analyzing bronzes, white metals,
ferro alloys and other mixtures, there
is a grade of WHATMAN for every
determination requiring the separa
tion of solids and liquids to which
paper is adapted.

For silica, WHATMAN No. 40, 41
or 41-H is used depending on the
fineness of the precipitate.
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..EL~~~Rf~~ a~~r~t~~~~~
of dust samples from atomic tests

. by ATOMIC ENERGY COMMISSION

Every day, more plants and laboratOries arc switching to TEMCO
bench-type electric furnaces for precision results in process control,
gener:ll lab work and hC.1t treating 'of sm311 parts, [ools. dies, etc.
1100 Series shown above is one of eight different sizes available - 
with either manual or electronic controls. Easy to install and oper
ate, economical. $11 to $107. Write for data and nearest dealer's
n:lmc.

THERMO ELECTRIC MANUFACTURING CO.

478 HUFF ST., DUBUQUE, IOWA
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COORS
U.S.A.

. CHEMICAL AND SCIENTIFIC PORCELAIN WARE
tlJtI.Jf"C "1111;mlPlil Of AL L MODERN TE STI NG LASORA TORIES

Coors Porcelain Company
of. Golden, Colorado, is a leader in

the field of ceramics.

Their product is universally recognized by
discriminating chemists and manufacturers
as the finest chemical and industrial ware
produced.

ONLY 3 BATTERIES

Powered by 3 ordinary

radio batteries which give

2000 hours reliable service.

Simple and fast in operation.

ACCURATE
DEPENDABLE

RUGGED
PORTABLE

Write for descriptive Bulletin #118 to:

PHOTOVOLT CORP.
95 MADISON AVENUE· NEW YORK 16, N. Y.
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No. 2070

of radiochromatographic strips
Scanning radiochromatograms with Nuclear-Chicago's

new "Actigraph" saves valuable technician time - com

pletely eliminates strip dissection or tedious manual

assay procedures. Separated components are accurately

located. and the recorder chart provides a permanent

parallel record of the radioactivity measured along

the strip.

The system consists of on automatic strip feeder, a lead

shield containing a thin mica end window counter and

collimating slit. an analytical count-rate meter, and a

recorder. The strip feeder is driven by a flexible cable

from the recorder at the exact speed of the recorder

chart, thus assuring precise correlation between the

graph and the radiolabeled spots on the chromatogram.

Change gears permit counting at various speeds. Stan

dard accessories include tables for sample pons or

absorbers.

•

p~

qlou eeU.
e~

•No. 900-3

••

•

Photometers

Klett.

Klett

Nuclear-Chicago offers a full line of products from car

bon-14 labeled compounds and film badges to a com

pletely equipped radioisotope laboratory. Write for

specifications on the "Actigraph" or for our assistance

on any radioisotope problem you may have.

- 85 Radi.labeled~
Organic and Inorganic C14 compounds

Most complete list
21 Acids and Derivatives· 8 Alcohols and
Derivatives· 6 Inorganic Compounds· 10
Synthetic Amino Acids • 16 Biosynthetic
Amino Acids· 8 Ring labeled Aromatics·
4 Carbohydrate Compounds • 12 Miscel
laneous Compounds.
Write for complete list and prices

nuclear INSTRUMENT & CHEMICAL CORPORATION :'1::
235 West Erie Street _ Chicago la, Illinois ::;::

Also: New York, N.Y.-los Angeles, Calif.-Silver Spring. Md.-;~:~:--
Eorl Lipscomb Associates. Dallas and Houston .....

fxpor' Departmen'; 13 East 40th St., Ne York 16, Ne...... York
Coble Address; Arlob, Ne York

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.

•

•

F="==KLETT SCIENTIFIC PRODUCTS,===
"""""O,"O",,ffi .".AMm, • ",o.cow,,,,,,,.., I
GLASS ABSORPTION CELLS • COLORIMETER NEPHELOM
ETERS • GLASS STANDARDS. KLETT REAGENTS

Manufacturing Co.
179 EAST 87TH STREET, NEW YORK, N. Y.
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Four-channel recording correlates

simulated jet bomber airspeed and alt
At Eclipse-Pioneer, engineers make good use of

Sanborn 4-channel recording systems in conjunction with
high precision analogue computers to establish performance

criteria for automatic flight systems and components.
At other laboratories Sanborn Systems are

being used to record such phenomena as: stress,
strain, pressure, displacement, thickness, velocity, acceleration,

current, voltage, temperature, torque, light,
flow, force, load, position, rpm, radiation and tension.

SANBORN OSCILLOGRAPH RECORDING SYSTEMS HAVE MANY APPLICATIONS.

They are used in a great many different
fields where accurate and permanent graphic registration

of almost any electrical phenomena (whose frequency range is
zero to 100 cycles per second) is required.

Sanborn Systems are widely used because of the
availability and ready interchangeability of amplifiers and

preamplifiers, as well as such Sanborn advantages as:
inkless recording in true rectangular coordinates.

high torque movement, time and code markers and
wide choice of paper speeds. In addition, a basic choice

of systems. 1-, 2-, and 4-channels, provides a system
to fulfill almost any laboratory requirements.

S~~~!I~~lv~!!"pany
CAMBRIDGE 39, MASSACHUSETTS, U.S.A.
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CHEMICALS

Selected Reagents Stand

ardized for PARR Bombs

and Calorimeters

Sodium Peroxide. calorific grade. for all peroxide
bomb tests. Minimum assay, 96.0"/0 Na202' Negli
gible sulfur.

Potassium Perchlorate, accelerator for peroxide
bomb tests, dried and screened through 100 mesh.
Negligible sulfur.

Benzoic Acid. thermal value standard for oxygen
bomb calorimeters. Also, addition agent for peroxide
bomb tests. Comes in powder or pellet form.

Borium Chloride. sized crystals, 20 to 30 mesh for
rapid sulfur determinations with PARR Turbidimeter.

Gelatin Capsules. for holding liquid samples in
combustion bombs. Heat of combustion and sulfur
content reported on label.

•
Order from your PARR Dealer or write to the factory
for details and standard package prices.

PARR INSTRUMENT CO.. MOLINE. ILLINOIS
EST. 1899 • MAKERS OF CALORIMETERS AND PRESSURE REACTION EQUIPMENT

is a highly selective adsorbent ...
FOR C H ROM AT 0 G RAP H y~;";;;~:d(

A hard, porous, white granular synthetic adsorbent, produced in a
variety of mesh classifications, Florisil is being successfully used in the
most difficult separations of organic compounds.
It simplifies chromatography since it does not require 1..-..... -:-
admixture with a fllteraid and preliminary chemical
treatment. Florisil is emily and evenly packed in a
column. In both research and manufacture, Florisil is
finding an increasing variety of applications.
Closely controlled for quality, uniformity and purity, this
magnesia-silica gel catalyst and adsorbent is now
available in quantity as desired, packaged in contain
ers ranging in size from one to fifty pO!Jnds.
YOlli' inquiry will be accorded strict confidence and
prompt response.

'=j.~~
f I~"'r
~~~Ut

fll mt-:'--

FLORIDIN COMPANY
Adsorbents
Desiccants

Diluents

DEPT. X,
220 LIBERTY ST.

WARREN, PAt
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PHOTOVOLT CORP.
Also
Colorimeters IpH meters IElectronic Photometers
Fluorimeters ReRection Meters Multiplier Photometers
Nephelometers Glossmeters Interference Filters

New York 16, N. Y.95 Madison Ave.

PHOTOVOLT Densitometer
for

Partition Chromatography
and Paper Electrophoresis

A photoelectric preCISion instrument for the
rapid and convenient evaluation of strips and
sheets of ~Iter paper in partition chromatog
raphy and paper electrophoresis.
Write lor Bulletin #800 to

COLORMASTER
DIFFERENTIAL
COLORIMETER"

COLOR MEASUREMENTS
made in less than 30 seconds!

The Colormaster Differential Colorimeter" is the latest
development in color measuring equipment. A complete
set of color measurements can be made in leB8 than 30
!leconds by non-technical personnel. Equipment is
direct reading on a low backlash dial, and is mechanically
rugged, and stable. Dial linearity is within approx.
0.2% from 100% to 10% reflection or transmission and
can be extended below 10% with approx. 0.02% linearity.

• Three color filters enable % transmission or reflection
to be read directly on front Panel Dial to within an
estimated 0.01 %.

• Simple calculation converts dial readings to I.C.I.
X, Y, & Z functions.

• Operates from 115 Volt 60 cycle line.
" Similar to instrument described at the March. 1952 m..t

inK of the Optical SocieW of America by L. G. Glasser and
D. J. Troy of E. I. du Pont de Nemours'" Co.

Write lor Complete Inlormation

MANUFACTURERS ENGINEERING & EQUIPMENT CORP.
10 MILL ROAD, HATBORO, PA.
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Newest in the line . ..

Asingle instrument for
Process control
Leak detection
Research

THE latest mass spectrometer in America's ac
cepted standard line is the Consolidated Model
21-610, a precision electronic instrument with ex
treme stability for unattended process monitoring
in the petro-chemical industries. Used with a hand
held probe it operates as a detector for tracing
leaks of any gas within its mass range. The Model
21-610 is suitable for qualitative and quantitative
component determinations in gaseous and light
liquid mixtures. Moderately priced and economical
to operate, needing no expensive refrigerants, this
new instrument brings mass spectrometry as a
control procedure within reach of small refineries
and chemical manufacturers.

Write for Bulletin CEC-1824-X3.

o 0
00

All components are accessible: either by remov
ing side panels or by pull-out chassis containing
circuits and controls.

Electronic and vacuum/analyzer assemblies may
be removed intact and operated independently.

Model 21-610 Mass
Spectrometer

Consolidated Engineering
CORPORATION

300 North Sierra Madre Villa, Pasadena 15, California

Sales and Service through c~c 'HS"RUM~H"S, 'HC.,
a subsidiary with offices in: Pasadena. New York.
Chicago. Washington. D. c.. Phi/adelphia. Dallas.
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FALLING
BALL

13K

VISCOSITY DIRECTLY
IN CENTIPOISES

(from 0° C to 100° C)
EQUALS

B X (Sb-Sf) X Time
B = Ball Constant
Sb = Sp. gr. of ball
Sf = Sp. gr. of Auid

Send for our new Catalog

containing the latest in

High Vacuum Pumps

Glass Working Machi~erl':
Burners for Glass BI .'
A '1' OWIng,

ux, .ary Burner r •I:qu,pment,
Glass Blowers' Sup I'
p p'e~

ure Gum RUbber TUbing,
Valves, Gauges, elc. .
Blowers and G pas umps
Vacuum Pump Oil. '

The Hoeppler Viscosimeter pro
vides a fast and accurate method of
determining the viscosity of gases,
liquids, oils, plastics, syrups, vis
cous tars and dark colored liquids.
Direct reading in centipoises (or
centistokes). From 0.01 to 1,000,000
centipoises. Accuracy 0.1% to
0.5%. Small sample (30cc) re
quired. Results consistent and
reproducible.

Order direct or from leading
laboratory supply dealers.

Write today jor Bulletin HV-303.

Manufactured by FISH-SCHURMAN CORP.
72 Portman Road, New Rochelle, N. Y.

HOEPPLER VISCOSIMETER
PRECISION MODEL

-.=.:=:::==--------

Designed especially for spectrophotometers (incfud
ing the Beckman Model DUJ and for general labora
tory purposes.

• COMPLETELY REPLACES the corrosive non-sustain
ing storage battery.

• ELIMINATES periods of drifting, unnecessary de
lays, and general nuisance.

• ALWAYS READY for instant use with ordinary AC
power lines.

DC OUTPUT
fROM THE TWO MAIN (outsidel Terminals:

5.5-6.5 volts, adjustable.
0-5 amperes; or, after disconnecting the voltage

divider, 0-6 amperes.

FROM AN INTERMEDIATE TERMINAL (voltage dividerl:

2.0 volts, when the main termin~ls are at 6.0
volts. This is a factory setting intended for use
with the DU Spectrophotometer (current drain
unaer 0.1 ampere).

The voltage divider can be reset by the user to
deliver any output within the range, 0-6 volts,
at currents under 1,0 ampere.

Dimensions: 17"x13"xl 0" Weight: Approx. 50 Ibs.
NO. 80710 Voltage Stabilizer .•.. Price-$375.00

Wri'e for Bulle'in 453.
• Patent Pending

ELECTRONICAllY REGULATED
6-VOLTS DC • REGULATION -+- 0.01%

N
===-il~=- -- -- -- -- -- ;;;;;'= =

4io~
1/ its NJ!- *
precision voltage stabilizer
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BETTER IN
Galileo Balances Feature

Accurate, Easier Weighing
in V3rd the Time

Now used by leading laboratories in 42
countries, Galileo Analytical Balances
provide both automatic loading and opti
cally projected readings - and cost no
more than comparable weights-and-rider
balanees. Three outstanding design fea
tures insure foolproof accuracy and
shorten weighing time by two-thirds.
AIR DAMPING - Proved far faster, more

reliable than magnetic damping. Bal
ance remains stationary after one or
two oscillations.
PROJECTED READINGS - Direct reading
by vernier to 1/20 mg., eliminating
rider. Adjustment by external dial;
small errors in zero point corrected
without handling balance.
AUTOMATIC LOADING-Weights applied
externally by dial, which lowers cor
responding value automatically.
A MOD!L FOR EVERY REQUIREMENT
MODEL DP3 - A reliable, inexpensive
balance for routine analytical work
with fractional weights. Capacity 200
grams; sensitivity at all loads ± .05
mg. Direct reading of all values from
0.05 to 10 mg. Automatic loading from
10 to 990 mg. Conventional weights for
gr. and deca gr. loads.
MODEL Jl - Completely automatic op
eration from 10 mg. to 200 mg. Capac
ity 200 gr; sensitivity at all loads ±
.05 mg. Separate dials load deca gr. gr.,
and mg. weights. No weight box.
Weight is read directly from dials.
Other models include: Micro Balance
MDP-4 with sensitivity of ± .001 mg.
- Simplified (non-automatic) air
damped USAER and Selecta Balance.
All Galileo models feature hardened
brass beam of high tensile strength,
chrome-plated brass pans, agate
planes and knife edges. Arrest arms
and supporting points of beam move
in same arc. eliminating sliding of
bearings on knife edges.
Service by factory-trained workers at
our New York office. For details, write
to the address below, Dept. C.
Imported and Serviced by

GALILEO CORP. OF AMERICA
30 East 60th St., New York, N. Y.

ANALYTICAL CHEMISTRY

I
IIIE EIII~

COMMISSION
SUPPLEMENT
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AMERICAN CHEMICAL SOCIETY
1115 Sixteenth St., N. W.

Washington 6, D. C.

DEAD STOP
END POINT INDICATOR
KARL FISCHER & REDOX TITRATIONS

Circuit recommended by the U. S. P.
BATIERY OPERATED $35, LINE $50

JAMES INSTRUMENT COMPANY
P. O. Box 757 Ne",ark 1, N. J.

r---- I<'on Sl\I.E-----,
Two (2) Beckman infrared spectrophotometers of the
galvanometer type, I.R. l. These instrumenll were in
good operating condition one year ago and have not
been touched since. Some extra paris thrown in.
Price $300.00 each, where is, as i.. The original
cost of this instrument was about $4400.00 Should
be ideal for educational institution.. Write for
detail •.

BELLE ALKALI CO., Box 615, Belle, W. Va.

DIHYDROXYACETONE
O,M,P-FLUOROBENZOIC ACID

THIOSALICYLIC ACID
P-TOLUIC ACID

Wute. for price list

CUSTOM CHEMICAL LABORATORIES
2054 N. Cie....o Ave., Chicago 39, III.

1. Complete metol cnalytical facilities.
2. Prepaid telegrophic replies on specification

analysis for rapid service.
3. Qualitative cnd quantitative spectrogrcphic

methods.
4. "Wet Chemical" reference laboratory .
S. Special are and mineral investigations.
6. Moteriols,processes and formula consultation.
7. Semi - Micro methods.
8. Postage-Free semple moiling contciners.

Vitamin and amino acid assays.
Proximate analyses and mineral c~termina

tlons.• Foed chemi~try and miuoi:iolo,gy •
Screenin.5; or compounds for insee:ticidal.
fungicidal, and bactericidal prc·pertits
• Warm·bl'Joded toxicity studies

I'ro;eel research and consullution

Write for price schedule

WISCONSIN ALUMNI
RESEA.RCH FOUNDATION

P O. BOX 2059. MADISON J, WISCONSIN

~eltlon RESEARCH CORPORATION
Box 2555A Terminal Anne.
Los Angeles 54, California

YOUR ANNOUNCEMENT of

Equipment for Sale can carry

YOUR MESSAGE to the readers

of the leading publication in the

chemical process industries.

Rates on request.

ANALYTICAL CHEMISTRY
Advertising Office:

330 W.sl 42nd SIo••1 Ne", York 36, N. Y.
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GLASS ABSORPTION CELLS

MANU FACTU R I N G CO.
177 EAST 87TH STREET
NEW YORK ..... N. Y.

Complete Electrophoresis Apparatus
SCIENTIFIC APPARATUS

Klett-Summerson Photoelectric Colorimeters
Colorimeters - Nephelometers - Fluorimeters
Bio-Celorimeters - Comperetors - Gless Sund-

erds - Gless Cells - Klett Reegents
KLETT

OF FINE
MADE

BY

QUALITY

KLETT
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For exacting work

the new Type 1482
Air-Core Inductance Standards
are highly recommended.

Dimensions are 6~" x 6)1" x 8" -weight is llJ1lbs.

100 "h and 200 "h units adjusted to nominal value of
±0.25%; all units 500 "h and higher adjusted to ±0.1%.

Sixteen models available with inductance values rang.
ing from 100 "h to 10 h inclusive in I, 2 and 5 unit values,
$60 to $185.

Hermetic sealing and strain·free mounting insures high
degree of stability - temperature coefficient of inductance
definitely established al 30 parts per million per degree C
- accurate temperature corrections can be simply made
from resistance measurements.

Calibration certificate on each unit gives inductance
to within 0.005% at 100 cycles and indicated stabilized
temperature - resonant frequency, d·c resistance, and in
cremental inductance changes with frequency tabulated on
each unit.

GEN ERAt RADI 0 Com~pany
275 Mossocnuseth Avenue, CambrIdge 39 Massachusetts, USA

II "NEW YO~I( 6 "" If I, \ '><IC4"0 ~ , .. lO~ "'~:OHH H

Type 1481 Toroidal Dust·Core Inductors complement the air-core
Type 1482's, each type having advantages for spe-
cific applications.

Twelve different molybdenum-permalloy dust-core herently astatic, coupling between adjacent external
inductors are available with nominal values between fields being negligible - temperature coeffiCIent 01
1 mh and 5 h inclusive, in I, 2 and 5 unit values. • • inductance is low, - 0.002.5% per d.egree C bet!,e~n
$24.50 to $30.00. They have maximum Q's of 16 and 32 degrees - UOlts are calIbrated to WIthIn
be/ween $lOa and 800; Q is more than unity down~ ±0.25% Cor larger inductors, ± 1% for
to 6 cycles or lower - these inductors are in- .~~ smaller units.

~0 Admittance Meter:<;'t; Cna:rifIl Eff!mefll.~ 'Cl DU(lde Capacitors

"Cl Decade Indudors tl Decade Re.lIl.dar.' ."Cl DiJllortion

Meters tl Frequency Mders 2 Frequency Standards "Cl

Impedance Brirl!:£s 'C: Modulation Meler" tl 08cillator~

1'ariacstl Light Metcr.~ tr Megohlllmeltnr 'Cr Molor Controls

Noise Meters 'Cr Null Detcclor.~ 'Cr l'rerision Capl1cilurs

Pulse Oeneralors'Cr Signal Generalors'Cr VibratiDn M cter.~ 't." SlrfJbDSCOpell U lVave Filurs

U-H-F Meu~11Ti71Y E'qlti1HIlf'nt 'tt \'-1' Vol'lIIr.tcr.~ t7 H'"r'e ..tm"yz.ers R PolariscolUs

Type 1481"
Toroidal Dust-Core Inductor
impregnated toroid is clamped be·
tween two felt washers in rectan
aular aluminum case affording
electrostatic shielding. Net weight
is 14 oz.; case dimensions nre
3%" x 3%" x1%".

G-R has for many years provided the measure
ments laboratory with standirds of the highest quality
resistors, inductors and capacitors which have proven accurate,
highly stable and reliable in operation. The new Type 1481 Stand
ard Inductors with powdered-iron cores and Type 1482 Air-Core
Inductors are in keeping with the superior characteristics of past
General Radio R-L-C components. They are particularly designed
for use at audio frequencies.

These new inductors are symmetrically-wound toroids
with negligible coupling to adjacent units and external fields ...
Q's are as high as is practically attainable, the units are electro
statically shielded, they have low and predictable temperature

coefficients, and are practically immune to the
effects of humid atmosphere.



BOILING ACID

•
Custom-made Bottles ... Pressed Glass-

ware Clinical Glassware Opticlear

Vials Television Bulbs Communi-

cation and Power Insulators ... Color

Break Ampuls ... Insulux Glass Blocks ...

Laboratory Glassware ... Thermometers

and Hydrometers ... Towel Bars ...

Glass Rod and Tubing ... Chemically

Resistant Glassware

READY FOR

Time was when laboratory people
~cted any reactive solution to re
niOve the colored filler from the lines
and numbers of their thermometers.
Without the colored filler it was diffi
cult to read the instrument - the best
answer. was to rub crayon into the
lines, and hope the solution wouldn't
be contaminated too much.

NbW, no laboratory worker needs
to put up with this nuisance, because
Kimble has developed a new filler
which becomes an integral part of the
thermometer glass. This filler is as

A LONG BATH IN

permanent as glass itself. Now, Kimble
thermometers can be immersed in
powerful organic solvents and in
organic solutions for a long time, yet
the lines and numbers will stay crisp
and easy to read.

These new Kimble Exax thermom
eters are made in a variety of ranges,
including those specified by the
American Society for Testing Materi
als. Kimble Exax thermometers are
one more of the many Kimble con
tributions of engineered glass prod
ucts to the nation.

k/in61e Serves - with Glass

KIMBLE PRODUCTS

lViSit OUT Booth, No. 408, at theJ
l~t.eTnational Chemical Exposition,

Philadelphia. • KIMBLE GLASS COMPANY
Toledo 1, Ohio-Subsidiary of Owens-Illinois Glass Company



Bausch & Lomb

••• A New Concept in Spectrography!

BAUSCH & LOMB EXPANDS THE
LIMITS OF SPECTROGRAPHY

B&L'echelleinstruments give you higher disper
'sion, higher resolution than ever before attain
able in a standard spectrograph.

Exclusive! Only Bausch & Lomb echelle
instruments make all these advantages possible:

• HIGHEST DISPERSION
.3A per mm at ~OOO A!
.6A per mm at 5000 A!

• ' HIGHEST RESOLUTION

Actual resolving power of 160,000 with rou
tine excitation equipment; 300,000 and high
er achieved with special source equipment.

• C)NLY THREE 10" PHOT<9GRAPHIC
PLATES COVER ENTIRE SPECTRUM!

• COMPACT-ail these advantages in a con
ventional S-foot spectrograph.

Write for complete informa
tion. Expert advisory service by a
specially trained B&L spectro
graphic engineer is promptly
available on request. No obHga
tion, of course. Bausch & Lomb
Optical Co., 60924 St. Paul St.,

IlUSCHLOMltlNllNNIM Rochester 2, N. Y.

Bausch & Lomb
Littrow-Echelle
Spectrograph

In one unit: the B&L prism system, for routine
and- advanced spectrography, and .•. at the Hid

of a switch .•• the B&L echelle, unequalled by
any standard instrument in linear separation
and resolution throughout the spectral range.

Bausch & Lomb
Echelle
Attachment

If you already have a B&L Littrow~

Spectrograph, this attachment will multiply
its usefulness, giving you all the exclusive

advantages of B&L echelle spectrography.

\!t7 Bausch & Lomb$~~ Equipm~n
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