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Uniform temperature distribution in an
results regardless of whether the
tion, sterilization, or drying. Cenco-DeKhotinsky labora-

tory ovens are accurately designed to give a uniform as

well as constant temperature. The triple wall, in addition to its excellent insulating
qualities, provides a passageway for the natural circulation of air. This feature assures
uniformity. The Cenco-DeKhotinsky bimetallic thermoregulator assures the constancy
of temperature responses to % degree C or less. The glass paneled inner door of the
oven permits viewing the contents without materially lowering the temperature. The
popular size is No. 95100A, measuring 14% x 12 x 11% inches inside. Itis designed
for use on 110 volts AC or DC. The price, $140.00.

CENTRAL SCIENTIFIC COMPANY

SCIENTIFIC INSTRUMENTS QrjN{£) LABORATORV APPARATUS

NEW YORK  TORONTO CHICAGO BOSTON SAN FRANCISCO {
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In the production of intricate specialized parts Sonotone use
an atmosphere controlled Hevi Duty Hinged Tube Furnace
for precision heat treating — Hevi Duty Tube Furnaces are
detailed in Bulletin HD-1236 — send for your copy.

HEVI DUTY ELECTRIC COMPANY

THACG MARK

MULTIPLE UNlT ELECTRIC EXCLUSIVELY

REG. U.S. PAT. OFF.

LABORATORY FURNACES

N I,LWAUKEE WISCON SI N
L@’ 3y e, W.g A



NEW YOIIK

For many years our name has been
identified with progressive research
and the development of palladium
catalysts.

Palladium is an active catalyst for
the hydrogenation of nitrocompounds,
ketones, aldehydes and unsaturated
compounds in the liquid phase at room
temperature. For instance:

Palladium on Activated
Carbon Powder 5%

is used in the industrial hydrogenation
of terpenes, alkaloids, therapeutic
preparations, vitamins, dyestuffs arid
other organics.

We honestly believe you will benefit
by conferring with us on any catalytic
problem you may have.

BAKER & CO

SMELTERS. REFINERS AND WORKERS OF PLATINUM. GOLD AND SILVER

113 Astor St.. Newark 5, N. «l.

SAX FRANCISCO

CIIICACO
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Are the results obtained Iin your
laboratory "IMPORTANT”?

Does the responsibility of the success of your
product lie in the results obtained from the
heating operations in your laboratory? If that
is true, are you getting maximum performance,
accurate heating, precision results? Two simple
guestions, yet, upon the answers rests the bur-
den of success, today as well as in the future.

The new Lindberg Box laboratory furnace is
especially engineered and constructed to cope
with the many laboratory duties your business
is dependent upon. Its versatility provides fast
and accurate heating for both chemical analy-
ses and metallurgical tests, as well as routine
heat treating jobs. A few of the features this
furnace offers to your laboratory, are:

The Lindberg Input Control and Pyrometer for precision
controlled heating to 2000° F.

A well insulated heating chamber with a one-piece
element. Element is quickly and easily removed and

replaced.

Vertical door lifting mechanism keeps hot side of door
away from operator at all times.

Compactness. Transformer for the element and the
control relay are located and wired within the furnace

enclosure.

Appearance. The modern streamlined design adds to
the appearance of the most fastidious laboratory.

Built in two convenient laboratory sizes.

Call your laboratory equipment dealer to-
day. He will show you the many advantages
the new Box furnace holds for your laboratory.

LINDBERG ENGINEERING COMPANY

2450 WEST HUBBARD STREET < CHICAGO 12, ILLINOIS

WELL KNOWN THROUGHOUT THE WORLD AS
LEADERS IN DEVELOPING AND MANUFACTURING
INDUSTRIAL HEAT TREATING EQUIPMENT

SOLD EXCLUSIVELY THROUGH

LABORATORY EQUIPMENT DEALERS
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made Sy \»N\at

precision b u ilt
METALLURGICAL TESTING EQUIPMENT

WET POWER GRINDER NO. 1215

for coarse and medium-coarse grinding

The entire side surface of the 12 inch wheel
is exposed for grinding; thus giving a wide
range of surface speeds. A specially designed
guard- provides adequate protection to the
operator without restricting the area of
grinding surface. Housed in the base is a
self-contained recirculating cooling system
that supplies a soluble oil coolant independ-
ently to each wjieel. The oil coolant also
serves to prevent rusting of machine parts
and specimens. An outstanding feature of
this machine is the freedom from oscillation
and vibration. Buehler equipment is noted
for its smooth running qualities that are the
result of precision built parts and carefully
engineered construction.

[ftl

A complete line
of equipment for specimen preparation

available from one reliable source iS«@«8o2E

Cut-off Machines ¢ Specimen Mount Presses « Power Grind-
ers « Emery Paper Grinders « Hand Grinders  Belt Sur-
facers * Polishers ¢ Polishing Cloths « Polishing Abrasives

METALLURGICAL APPARATUS

165 West Wacker Drive, Chicago 1, lllinois
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G-E XRD Powder Camera

with specimen mount

ANALYTICAL EDITION

BOILER SCALE
NOSELITE
SODALITE

ANALCITE
MAGNETITE

I-RAY DIFFRACTION Al WORK

A new boiler bad been in operation at the Dow Chemical Com-
pany at Midland, Michigan for a short time when a number of
tubes ruptured on the hot side. When the tubes were sectioned,
a hard scale was found. An x-ray analysis of this scale gave a
pattern which was identified as containing a mixture of noselite,
sodalite, analcite, and magnetite.

From the results the boiler expert concluded (1) that the hard
scale lowered heat transfer and caused excessive temperature and
oxidation of the tube wall, and (2) that the cause of the hard
scale was in the feed water system. The feed water used was that
returned from other boilers and was given an oil treatment—
this introduced alumina andsilica, which later reacted in the
hotter areastoform the hard scale. A revision of the oil treat-
ment system eliminated the scale.

Here again, is evidence of the unusual importance of x-ray
diffraction investigation, and how a seemingly difficult problem
was .readily solved by a G-E XRD Diffraction
Unit. You, too, may have problems which can
best be solved by x-ray diffraction. If you wish
full information about this unit and its applica-
tion to your problems, write or wire, today, to
Department N4. The services of our X-Ray
Diffraction Laboratory are yours for the asking.

GENERAL gf ELECTRIC
X-RAY CORPORATION

2012 JACKSON BLVD. CHICAGO (12), ILL., U. S. A.
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W hen you write an order, don’t
hesitate to specify Harshaw chemicals and
laboratory equipment. You’ll enjoy the satis-
faction of confidence, knowing that your
judgment is backed by Harshaw’s 52 years’
experience in buying and selling.

You can make your selection from
25,000 items. That we recognize the impor-
tance of delivery and service is evident by the

proximity of our branches.

You should have our 72-page
chemical price list. I1t’s handy
for quick selection and pricing.
Write foryour copy .. .it’s free.

HARSHAW SCIENTIFIC

CLEVELAND 6, OHIO CINCINNATI 2, OHIO DETROIT 27, MICH.
1945 East 97th Street 224 Main Street 9240 Hubbell Avenue
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Chip resistant fire polished run.

HEXAGONAL

BASE
NON-ROLLING

Greater stability through
increased area.

CONVENTIONAL HEXAGONAL
ROUND BASE BASE

Heavy \
molded
hexagonal
base. Flat
bottom for
extra stability,
Non-rolling.

/ 4L sizes and types of Pyrex brand Graduated Cylinders and
Hydrometer Jars are now furnished with the new Hexagonal Base.

This new feature gives greater stability and prevents rolling
when cylinder is in a horizontal position. Pourout'is not only
formed for convenient pouring, but is coincidental with a point in
the base. Thus, should the cylinder be upset the pourout will not
be the point of contact.

An exclusive feature of "Pyrex" Cylinder No. 3046 is a rein-

ANALYTICAL EDITION

(fa zd u a te d

Convenient pouring lip

Reinforcing bead (Catalog No.
3046 only) prevents breakage
from upsetting.

Easily read. White FilledorLife
time R ea Graduations.

This trade-mark pressed on every
Pyrex brand Cylinder.

Pourout not
a point gf
contact.

forcing bead near the top which prevents breakage resulting from
upsetting. Pourout is to the right.

Fabricated from Pyrex brand Chemical Glass No. 774, "Pyrex"
Graduated Cylinders are supplied either with LIFETIME RED or
white filled graduations.

These new features of ""Pyrex" Cylinders and Hydrometer Jars
are available at the same economical prices as before. Consult
your regular laboratory supply dealer.

While hexagonal botes are now considered standard on all cylinders the right is reserved to ship round base cylinders until present stocks are exhausted

VREK .
acrh s O

maaEEEBmammmm

means— —
Research in Glass

P'I>0* N. "PYREX" end "YYCOR" iilered
VV C DR ' en are regiilered >

trade-marks and indicate manufacture by j

CORNING GLASS WORKS
CORNING, N. Y.
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The Spectrograph helps us maintain
uniform high quality” says INLAND STEEL

The A.R. L.-DIETERT Large Grating Spectrograph is
helping many industries to maintain their high standards
of quality in the production of steel.

For example: At any stage during the working of a
heat a melter can have an accurate check on the chemical
content within 10 minutes after a sample is delivered to
the laboratory. Not only do these frequent and rapid
tests assure the uniform high quality of Inland Steel,
but they also help maintain capacity production—a vital
necessity in this time of war.

tograph courtesy of Inland
Company, Chicago, Illinois

There are many other industries who are using the
A. R. L.-DIETERT Large Grating Spectrograph to
determine more quickly and accurately the chemical
analysis of their products.

For all types of research and control analysis the
A. R. L-DIETERT Large Grating Spectrograph has
proven that it will save the time of highly trained
technicians because one trained operator and the
Spectrograph can do the work of 12 operators using the
wet methods of analysis.

To better understand the working of this A. R. L.—DIETERT Spectrograph

tee suggestyou ivritefor our Modern Analysis Catalogue No. 128 today.

APPLIED RESEARCH LABORATORIES
4336 San Fernando Rd., Glendale. California

HARRY W. DIETERT CO.
9330 Roselawn Ave., Detroit, Michigan
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Photo reproduced through courtesy
of Chemical and Engineering News.

- - - and the arms are made by Kimble.

What the chemist does with Kimble apparatus is
vitally important to our armed forces and on our

home front.

We who supply him with necessary equipment
likewise shoulder arms in the essential army of

production.

- - . The Visible Guarantee of Invisible Quality « «
KIMBLE GLASS COMPANY eeeeyinciand, n. J.

NEW YORK ¢ CHICAGO -+« PHILADELPHIA + DETROIT ¢ BOSTON e« INDIANAPOLIS < SAN FRANCISCO
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Official U.S. Navy Photograph

BUILT INTO EVERY REAGENT!

ON THE SEA the Navy's big guns are all production details and painstaking
hitting the enemy with deadly accuracy laboratory control go into the making of
—accuracy that is vital to winning the every B&A Reagent. The B&A label
war. In the laboratory accuracy is all- always assures you of highest quality,
important too. That’s why many chemists in- purity, and uniformity.

S|st.on B&A Reagents—whether .for routine ACCURACY in your laboratory requires qual-
testing purposes or for use in special analyses. ity reagents. Next time you requisition—be
CHEMISTS KNOW that careful attention to sure you specify B&A Reagents.
SETTING THE PACE CHEMICAL PURITY SINCE 1882

Baker A damson

Division of GENERAL CHEMICAL COMPANY,40 Rector St.,,New York6,N.Y. C/AU<% ZW -
Technical Service Offices: Atlanta « Baltimore ¢ Boston e« Bridgeport (Conn.) < Buffalo ¢« Charlotte (N. C.)
Chicago « Cleveland * Denver « Detroit « Houston e« Kansas City ¢ Milwaukee  Minneapolis *« New York
Philadelphia < Pittsburgh < Providence (R.1.) « St. Louis « Utica (N.Y.)
Pacific Coast Technical Service Offices:
Los Angeles ¢ San Francisco <« Seattle, Wenatchee and Yakima (Wash.)
In Canada: The Nichols Chemical Company, Limited e Montreal  Toronto e Vancouver
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Here is o showing of Hoskins Electric
Laboratory Furnaces and Hot Plates, all
of them equipped with Chromel ele-
ments that have very fine durability and
easy replacement. We have been mak-
ing them for 35 years, and they are
accepted as standard in practically

every laboratory. Write to your dealer

or to us.

Hoskins Manufacturing Co., Detroit, Mich.

FD-204 Muffle Furnace

Operates on line voltage; rheostatic temperature
control; small dial pyrometer (optional) for
approximate temperature measurement. Chromel
unit is wound around a grooved muffle. Top
temperature around 1800° F.

High Temperature Combustions

FHS-304 carbon
combustion fur-
nace, equipped
with No. 10 Alloy
coiled unit; 2300-
2400° F., con-
trolled by selec-
tive transformer.

FD-104 Crucible Furnace

Heating chamber,
5'x 5" line voltage;
rheostatic control;
1800° F.; useful for
melting small experi-
mental batches of
metal.

Type FA-120
Fieldner Furnace

Used for determining
volatile content of coal.
Linevoltage, rheostatic
control; Chromel sling
for crucible; open top

ANALYTICAL EDITION

FR-234 Combustion Furnace

Handles  four
combustions ;
Chromel rib-

bon units;
transformer
control; circu-
lating water
and wicks keep
tube ends cool.

FH-104 Crucible Furnace

Chamber, 4" x 4%
rheostat and trans-

former control;
2000° F.; heavy
helical Chromel

unit; same uses as
furnace at left.

Diameter, 6 inches; spiral Chromel unit; even
heat distribution; 900° F.; has 6' cord; draws
500 watts.

15

FH-204 Muffle
Furnace

For hard labo-
ratory service;
heavy hair-pin
units, very dur-
able and easy
to renew; 31
control steps
through trans-
former; 2000° F.;
useful  for light
heat-treating.

FH-303-A Combustion Furnace

Helical unit, 7 Ga.
wire; transformer
and rheostat con-
trol; 2000° F.; case
7'dia.;surfacetem-
perature 120° F.
lower than with 6'
case; 18% less
power; durable and
economical.

FD-303-A Combustion Furnace

Helical coiled
unit wrapped
around grooved
tube; rheostatic
control at tine
voltage; 1800°
F.;case, 7'dia.;
uses 13% less
power than
with 6' case,
150° F. cooler.

Dual High Temperature Combustions

FHS-232 carbon
combustion fur-
nace equipped
with No. 10 Alloy
units, good for
2300° F.; selec-
tive transformer
control; two com-
bustions at one
time.

Low heat 475° F.; medium heat 600° F.; high
heat 750° F., controlled through a snap switch;
uniform heat distribution. Full load 1.8 K.W,

HOSKINS PRODUCTS

ELECTRIC HEAT TREATING FURNACES e « HEATING ELEMENT ALLOYS e « THERMOCOUPLE AND

IEAD WIRE e PYROMETERS

e WELDING WIRE = =

HEAT RESISTANT CASTINGS <

ENAMELING

FIXTURES « e SPARK PLUG ELECTRODE WIRE < = SPECIAL ALLOYS OF NICKEL < < PROTECTION TUBES
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A.H.T.CO. SPECIFICATION

MICRO-KJELDAHL DIGESTING
APPARATUS

With improved type With metal shield
fume duct of to protect the
Pyrex glass flames from drafts

KJELDAHL DIGESTING APPARATUS, MICRO-, A.H.T. Co. Specification, for gas heating.
Suitable for either micro or semi-micro analysis as it takes Kjeldahl flasks 10 ml, 30 ml or 100 ml capacity,
the latter if finished without rim at neck as listed below under 5442-B.

Consisting of a six-burner heating shelf with transite top and a fume duct of Pyrex glass. Heating
shelf is made of cast brass with baked-on aluminum finish, with metal shield behind the burner manifold
to protect the flames from drafts. Top is 1814 inches long X SJfj inches wide X 3 inch thick, with six
tapered burner openings, 19ie inches diameter at top X linch diameter at bottom, 3 inches from center
to center. Burners are regulated by individual needle valves conveniently located in front of each burner.

The fume duct is of heavy wall Pyrex glass, 516 mm long X 51 mm inside diameter, with six openings
each 22 mm diameter for insertion of flask necks. The fume duct is provided with a central outlet and
is sloped toward the center to facilitate drainage in use and to assure equal suction at both ends, as sug-
gested by Eugene W. Schoeffel, while with the American Medical Association Laboratories, Chicago, 111
The fume duct is held in position by means of two adjustable, slotted aluminum clamps with spiral
springs for variation in tensity.

7498. Kjeldahl Digesting Apparatus, Micro-, A.H.T. Co. Specification, as above described, for use with artificial or mixed
?ases up to 600 B.T.U. Complete with Pyrex glass fume duct and six concave discs of Chromel wire gauze to
it burner openings, but without flasks or rubber CONNECLIONS.......ccooveiiiiriccc s 41.60

7499.  Fume DUCE, ONIY, OF PYTEX GIaSS.. . ittt sttt e s et ne s s enaneneenes 8.00

5442. Flasks, Micro-Kieldahl, Pyrex brand glass, with round bottom and lonj; neck;
for use with all{ove Micro Digesting Apparatus, The 10 ml size is ‘nfshed
without rim; the 30 ml size has straight reck w'ith rim.

Caﬁacny ml....... 10 3?
Takes Stopper N0 00
Length overall, inches... W
Each... .32 .35
10% discount in original packages coONtaining ... 36 36

S442-B. Ditto, 100 ml capacity, with straight neck without rim. Outside
diameter of neck approximately 20 mm to fit into fume ducts
such as 7499 when used for semi-micro digestion. Length
OVErall, 210 MM .o
10% discount in original package containing 36.

544S-F. Flask, Micro-Kjeldahl, Soltys, of Pyrex glass, 30 ml capacity.
Neck is finished with pourout and is 18 mm outside diameter.
Bulb is set at an angle to the neck to prevent loss, by spraying,
of digested liquid. Length overall, 180 mm. For use with
Micro Digesting Apparatus such as 7498. See Arnulf Soltys
Mikrochemie, X1X {1936), P. 304.......cccrririririnerririnernreseneneens
10% discount in package containing 72.

ARTHUR H.  THOMAS COMPANY

RETAIL — WHOLESALE — EXPORT
LABORATORY APPARATUS AND REAGENTS
WEST WASHINGTON SQUARE, PHILADELPHIA 5, U. S. A.
Cable Address, “Balance,” Philadelphia
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Systematic Polarographie Metal Analysis
Analysis of the Copper Group with the Aid of Electrolytic Separations

JAMES J. LINGANE
Mallinckrodt Chemical Laboratory, Harvard University, Cambridge, Mass.

The best supporting electrolyte for the simultaneous polarographic
determination of copper, bismuth, lead, and cadmium contains 0.4 M
sodium tartrate, 0.1 M sodium hydrogen tartrate, and not more
than 0.005% gelatin as a maximum suppressor. Concentrations of
gelatin larger than 0.03% obliterate the bismuth wave. When one
or more of the nobler members of the group predominates and thus
interferes with the polarographic determination of the others, the
interfering constituents may conveniently be removed by electrol-

NE of the most attractive features of the polarographic
method as applied to metal analysis is that relatively few
physical separations are necessary, and interferences can be
eliminated in many instances simply by proper choice of support-
ing electrolyte (3, 4). However, in a systematic scheme that
provides for the detection and determination of a dozen or more
metallic elements, a few preliminary group separations are a
practical necessity; otherwise interferences become too numerous
to be circumvented simply by changing supporting electrolytes.
It is fortunate that the hydrogen sulfide and ammonium sulfide
groups of the classical qualitative analytical scheme happen to be
at least as, or more, amenable to subsequent polarographic
analysis than any other two combinations of the metals con-
cerned, and separation into these groups will be employed in the
systematic polarographic scheme that is being developed in this
laboratory. Furthermore, in the analysis of the hydrogen sulfide
group it is planned to follow classical procedure through one more
stage and separate the sulfides by extraction with strongly al-
kaline sulfide solution into a copper group (copper, bismuth,
lead, and cadmium) and atin group (tin, antimony, and mercury),
because this simple separation greatly facilitates subsequent
polarographic determinations and creates a maximal number of
opportunities for simultaneous determinations.

The general polarographic characteristics of the metals of
the hydrogen sulfide group in various supporting electrolytes
were discussed in the first paper of this series (4), which also de-
scribed a simplified method of computing concentrations by the
use of previously determined diffusion current constants. The
present paper presents detailed information concerning optimum
conditions for analysis of the copper group, and describes an
electrolytic procedure for separating interferingly large amounts
of the nobler members of the group from small amounts of the
baser members prior to the determination of the latter.

OPTIMUM CONDITIONS FOR POLAROGRAPHIC ANALYSIS OF THE
COPPER GROUP

The general characteristics of the waves of copper, bismuth,
lead, and cadmium in a number of supporting electrolytes, and
the technique of the polarographic measurements, have been
discussed (4). When all members of the group are present an

147

ysis with a mercury cathode at a carefully controlled potential, and
the minor baser metals are then determinable in the residual solu-
tions. A mercury cathode is uniquely advantageous for electro-
lytic separations because the optimum values of the cathode potential
may be deduced reliably from the known polarographic character-
istics of the metals to be separated. An apparatus and technique
for performing such separations are described in detail, and the
efficiency of the method is illustrated by typical examples.

acidic tartrate solution is the only supporting electrolyte of those
investigated in which their hnlf-wave potentials differ sufficiently
to permit their simultaneous determination. The use of a
tartrate supporting electrolyte for the simultaneous determina-
tion of copper, bismuth, lead, and cadmium was recommended
originally by Suchy (7), who published polarograms showing well-
separated waves of these metals in strongly alkaline as well as
acidic tartrate media. The writer has never been able to dupli-
cate the satisfactory polarograms from alkaline tartrate media
reported by Suchy. According to the author’s experience
(4) copper and bismuth do not produce satisfactory waves in
alkaline tartrate solutions although lead and cadmium do, and
an acidic tartrate medium must be employed for the simultaneous
determination of all members of this group. When all four
metals are present the optimum pH range of the tartrate sup-
porting electrolyte is between about 4 and 4.5.

At a pH equal to or smaller than that of a pure sodium hydro-
gen tartrate solution (ca. 3.6) the copper and bismuth waves
tend to coalesce, and in solutions of pH much greater than about

-0.3 -0.6
"ge VS. S.C.E.. voLT
Figure 1. Polarograms of Copper Group Metals in Tartrate Media
of Various pH

Mixture of ca. 0.8 millimolar copper, bismuth, lead, and cadmium, in tartrate media
of various pH values. Total concentration of sodium tartrate and sodium hydrogen
tartrate was 0.5 M, and the pH values were (a) 5.5, (6) 4.5,(c) 4.1, and (d) 3.6.



148 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 3

5, the bismuth wave is not well developed when gelatin is used
as a maximum suppressor. These facts are demonstrated by
the series of polarograms in Figure 1.

Curve a was obtained with a solution that contained approxi-
mately 0.8 millimolar copper, bismuth, lead, and cadmium, in
0.5 M sodium tartrate containing 0.02 ilsf sodium hydrogen
tartrate, 0.1 M sodium chloride, and 0.005% gelatin as a max-
imum suppressor (pH 5.5). Curves b, ¢, and d were recorded
after successive additions of a standard nitric acid solution, so
that solution b contained 0.4 M tartrate ion and 0.1 M hydrogen
tartrate ion (pH about 4.5), solution ¢ contained 0.3 M tartrate
ion and 0.2 M hydrogen tartrate ion (pH about 4.1), and solution
d corresponded to 0.5 M sodium hydrogen tartrate (pH about
3.C). The decrease in the wave heights from a to d resulted
from the dilution produced by the addition of the nitric acid,
and not from a change in the diffusion current constants.

The half-wave potentials and other characteristics of the
copper, lead, and cadmium waves are not altered very much by
changes in pH between about 3.6 and 0 in these tartrate media,
but the half-wave potential of bismuth undergoes a pronounced
shift to a more positive value with decreasing pH. The half-
wave potential of bismuth decreases from —0.31 volt at a pH
of about 5.5 (curve a) to —0.17 volt at a pH of about 3.6 (curve
d), whereas the half-wave potentials of the other metals decrease
by only about 0.03 volt. Consequently, with decreasing pH
below about 5 the bismuth and lead waves become better sepa-
rated but the copper and bismuth waves approach coincidence.
The best supporting electrolyte for the simultaneous determina-
tion of all four metals when they are present at about equal
concentrations is one containing about 0.4 M tartrate ion and
0.1 ill hydrogen tartrate ion, corresponding to curve b in Figure
1. In this supporting electrolyte, and in the presence of 0.005%
gelatin (see below), the half-wave potentials of copper, bismuth,
lead, and cadmium are, respectively, —0.09, —0.23, —0.48, and
—0.64 volt vs. the saturated calomel electrode, and their diffusion
current constants (4) are 2.37, 3.12, 2.37, and 2.34 microamperes
per millimole per liter at 25° for 72 3il/6— 1. These latter
values may conveniently be used, instead of individual calibra-
tions with known solutions in every case, to compute con-
centrations from observed diffusion currents (4).

For the determination of a small amount of copper in the
presence of a very large amount of bismuth, a somewhat larger
ratio of tartrate ion to hydrogen tartrate ion than 4 to 1is prefer-
able (curve o, Figure 1).

The concentration of gelatin used as a maximum suppressor
has a very marked effect on the properties of the bismuth wave,
as shown in Figure 2. Without gelatin (curve a) the bismuth
wave shows a sharp maximum, although the other waves are
fairly well developed. With 0.005% gelatin (curve 6) all four
waves are well defined, but with 0.01% gelatin the bismuth wave
becomes flattened and a definite diffusion current plateau is not
observed before the reduction of lead begins (curve c). With
0.03% gelatin (curve d) the bismuth wave is obliterated com-
pletely, and the diffusion currents of lead and cadmium are
greatly suppressed. The suppressive effect of gelatin on the
waves of other metals has been noted before (2). When bis-
muth is present the concentration of gelatin should not exceed
0.005%, and even if bismuth is absent it should not be larger
than 0.01%. In spite of this one undesirable quality, gelatin
remains one of the best and most generally applicable maximum
suppressors when it is used with discretion.

Moderate concentrations (up to about 0.2 M) of sodium
nitrate or sodium chloride, which may accumulate in practical
analyses, have no appreciable influence on the properties of any
of the waves when the total concentration of sodium tartrate
and sodium hydrogen tartrate is 0.5 M. More than small
amounts of potassium salts cannot be present in the acidic
tartrate solutions because of the limited solubility (ca. 0.03 M
in pure water) of potassium hydrogen tartrate.

When a large—e.g., 0.01 M—concentration of lead is added

to an acidic tartrate solution it partly precipitates, apparently
as lead hydrogen tartrate. From measurements of the diffusion
current of the lead in equilibrated solutions the solubility of the
precipitate was found to be 1.77 X 10“3M at 25° C. in a solution
containing 0.4 M sodium tartrate and 0.1 M sodium hydrogen
tartrate. However, the precipitate readily forms supersaturated
solutions which are quite stable, and it is possible to work with
concentrations of lead up to about 5 millimolar if the polaro-
graphic measurements are made within about an hour after the
solutions are composited. For example, in one instance a solu-
tion containing 9.1 millimolar lead ion was stable for over an
hour and a half at 25° C. with nitrogen bubbling through it, but
when precipitation was induced by seeding and scratching the
glass wall of the cell it proceeded rapidly, and solubility equilib-
rium was attained after about 10 minutes.

COMBINATION OF ELECTROLYTIC SEPARATIONS WITH
POLAROGRAPHIC ANALYSES

It is evident that a single polarogram from an acidic tartrate
supporting electrolyte will suffice for the simultaneous deter-
mination of all members of the copper group when they are
present at very nearly equal concentrations, but in actual
practice such an ideal situation cannot be expected, and a
generally applicable systematic scheme of analysis must provide
for those instances where one or more of the group predominates
and thus interferes with the determination of the others. The
predomination of a less noble metal, such as lead, will not inter-
fere with the determination of a more noble metal, such as
copper, because the wave of the latter is well in advance of that
of the former, and traces of copper can be determined in the
presence of an excess of bismuth, lead, or cadmium. In general,
when the concentrations increase in the order copper, bismuth,
lead, cadmium, a complete analysis of the group can be achieved
by simply recording four polarograms of the same solution
with successively smaller galvanometer sensitivities, so as to
magnify in turn the wave of each constituent to a value which
will allow accurate measurement. In the opposite case, when
the concentrations decrease in the order copper, bismuth, lead,
cadmium, the larger waves of the nobler metals prevent ac-
curate measurement, or in extreme cases even the detection,
of the smaller waves of the baser metals, and it is then necessary
to eliminate the waves of the nobler metals.

There are three possible methods that might be used to
eliminate the interference of the intrinsically nobler metals:
(1) physical separation by precipitation, distillation, extraction,
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Figure 2. Influence of Gelatin

Mixture of ca. 0.8 millimolar copper, bismuth, lead, and cadmium, in acidic tartrate
medium of pH 4.5. Concentrations(g; gelatin were (a) 0, (6) 0.005, (c) 0.01, and
0.03%.
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orelectrodeposition; (2)
changing the supporting
electrolyte so that the
order of the waves is re-
versed (usually as a re-
sult of complex ion
formation); and (3)
“compensation” of the
large diffusion current of
the nobler metal by the
application of a control-
lable counter e.m.f. to
the recording galvanom-
eter, so that the sensi-
tivity may be increased
to record the wave of the
baser minor metal {2,5).
All these methods have
been used, although only
the first two have real
practical utility. The
compensation method is
attractive in principle,
but has only limited
practical application be-
cause large galvanometer
oscillations persist when
the nobler diffusion cur-
rent is balanced out;
such oscillations are only
partly eliminated by
“condenser  damping”
(5), and it is not ad-
visable to reduce their
magnitude by simply
decreasing the drop
time to a small value,
because, as will be .

shown in a forthcoming paper, the diffusion current deviates
significantly from the Ilkovie equation when the drop time is less
than about one second.

Of the physical methods of separation, precipitation methods
have been the most popular, but they suffer from two disad-
vantages which in certain cases are serious. In the first place
loss of the minor constituents by coprecipitation is an ever-
present hazard, and secondly the introduction of the precipitat-
ing reagents frequently complicates the analysis of the solution
remaining.

Figure 3. Cell for Electrolytic
Separations at Controlled Potential
with a Mercury Cathode

The author found that electrodeposition at controlled cathode
potential constitutes an excellent and generally applicable means
of separating metals prior to polarographic analysis. The
electrogravimetric separation and determination of metals by
controlled potential have been developed to a high degree of
practical utility, chiefly by the excellent investigations of Sand
and his collaborators (6), but have not hitherto been applied in
conjunction with polarographic analysis.

The separation of metals by electrodeposition is not without
disadvantages. From a theoretical viewpoint the objection may
validly be raised that an “absolutely complete” separation can
never be attained, chiefly because of the exponential relation
between the concentration of a metal ion and the potential of
the cathode on which it is depositing, and the fact that the
cathode potential must necessarily be limited to prevent the
codeposition of baser metals. However, this objection has only
academic interest as far as the appllcatlon of electroseparations
to polarographic analysis is concerned, because complete separa-
tion is not required and it is only necessary to reduce the con-
centration of the interfering nobler metal to a value commensu-
rate with that of the baser metal. Electroseparations also re-
quire special apparatus, which, however, is simple and easily
available. These slight dlsadvantages are overshadowed by the
fact that once the apparatus is assembled it can be .applied to
numerous separations, and by the further fact that separations
are achieved rapidl?/ with a minimum disturbance of the com-
position of the solution and without introducing extraneous
reagents.

A mercury rather than a solid metal cathode has been used in
the present investigation in order to capitalize on the fact that
the current-voltage curves that are obtained polarographically
with the dropping electrode provide all the information that is
necessary about the potential to which the cathode must be
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controlled to affect electroseparations, and thus a laborious,
empirical establishment of optimum conditions is avoided.
Although mercury cathodes have long been used in electro-
gravimetric analysis, apparently they have not heretofore
been employed in determinations or separations at a controlled
cathode potential, since no reference to such usage is to be found
in the comprehensive bibliography (up to 1936) published by
Bottger (1), nor in Sand’s monograph (6) published in 1940.

The cell used is shown in Figure 3. It has a capacity of about
75 cc., and is provided with a two-way stopcock in the bottom
for the introduction and withdrawal of the cathode mercury
from the reservoir, and for withdrawing the solution after elec-
trolysis. The mercury pool cathode has an area of about 10
sg. cm. and the mercury-solution interface (not merely the solu-
tion% is kept in rapid motion by the propeller-type glass stirrer.

The necessity of providing efficient stirring cannot be over-
emphasized, because it is the factor which is chiefly responsible
for the rate of deposition (current density) that can be obtained
at a controlled potential. The stirring must be effective enough
practically to eliminate concentration polarization at the mercury
cathode, as otherwise the current density is more or less con-
trolled by diffusion and is too small to permit separations in a
reasonable time. It is not sufficient merely to stir the solu-
tion, however vigorously. The stirrer should be placed so that
its blades are partly immersed in the mercury as shown in
Figure 3, and the rate of stirring adjusted so that the interface
is set in rapid circular motion without being so violent that
drops of mercury are thrown about. The stirrer blades should
be propeller-shaped, and so inclined that they impel downward
rather than upward. Under these conditions of stirring the
surface of the mercury undergoes vigorous but smooth churning
and the entire pool revolves.

The cathode mercury or amalgam can be used repeatedly,
provided that the metals previously deposited in it are more
noble than the metal being separated—for example, mercury
which contains copper can be used subsequently for the separa-
tion of bismuth, or if it contains copper and bismuth it may be
used later in the separation of lead. Conversely, the mercury
cannot be re-used when it contains a metal that is less noble
than the metal being separated. For instance, mercury which
has previously been used to separate bismuth or lead cannot
later be used to seﬁarate copper, because at the relatively positive
potential at which copper is deposited (—0.15 to —0.17 volt)
the bismuth or lead undergoes anodic dissolution and con-
taminates the solution (see Figures 1and 2). To avoid the use
of excessive quantities of mercury and its frequent purification,
it is convenient to keep the used mercury separated in three
lots: one containing only dissolved copper and used only for
copper separations, the second containing only copper and bis-
muth for copper and bismuth separations, and the third con-
taining copper, bismuth, and lead. By keeping these three
portions of mercury in contact with solutions of mercurous
nitrate in dilute nitric acid the concentration of dissolved metals
is kept small, and the dilute amalgams can be re-used indefinitely.

The cell was provided at first with a platinum anode, but
this proved unsatisfactory for separations of copper from bis-
muth in an acidic tartrate medium because the bismuth was
partially oxidized at the anode (probably to Biz0s) and precip-
itated. = Attempts were made to prevent the oxidation of bis-
muth by adding small concentrations (0.05 M) of hydrazine
sulfate or hydroxylamine hydrochloride to the solutions as
anodic depolarizers, but, although oxidation of bismuth was
thus eliminated, polarograms of the solutions after electrolysis
showed spurious waves that interfered with the waves of the
metals. A platinum anode is also undesirable because it
introduces hydrogen ion into the solution and decreases its pH.
These difficulties were finally circumvented by the use of a silver
anode. This consists of No. 18 silver wire wrapped as a tight
cylinder (area ca. 10 sq. cm.) around the stirrer shaft and spiraled
up the shaft to the motor chuck, where it is held in place by a
wrapping of copper wire. Electrical connection is completed
by dipping the copper leading-in wire into a mercury pool in
the top of the motor shaft. The bottom of the anode should
be about 2 cm. above the stirrer blades to prevent it from short-
circuiting the mercury cathode when the latter isstirred.

The solution to be electrolyzed is provided with a moderate
concentration of chloride ion (0.1 to 0.2 M), so that the anode
functions as a silver-silver chloride electrode, whose working
potential is about 1 volt less positive than that of a platinum
(oxygen) anode. Oxidation of bismuth and alteration of the
pH of the solution are thus avoided, and the only effect of the
anode reaction is the removal of chloride ion from the solution
in rz]arréount equivalent to that of the metal deposited in the
cathode.
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Silver chloride is insoluble in an acidic tartrate medium
and it deposits on the anode as an adherent coat. This coat-
ing reduces the effective area of the anode and increases the
cell resistance (indicated by the necessity of increasing the total
applied e.m.f. to maintain a constant cathode potential as
electrolysis proceeds), and hence it is advisable to remove it
after each experiment by electrolytic reduction from a dilute
sulfuric acid solution in conjunction with a platinum anode.

Figure 4. Electrical Circuit for Elec-
trolytic Separations at Controlled Cathode
Potential

A, ammeter (0 to 0.5 ampere). V, voltmeter
G, galvanometer (0.01 microampere per mm.)
S.C.E., saturated calomel reference electrode

The potential of the mercury cathode is measured continuously
against a saturated calomel reference electrode during electrolysis,
and controlled by changing the total e.m.f. applied to the cell.
The salt bridge side arm from the calomel electrode is filled
with a 3% agar gel saturated with potassium chloride, and its
tip is constricted slightly to hold the gel in place. The tip of
the bridge must be placed within about 1 mm. from the mercury
cathode when the mercury is at rest (see Figure 3), so that
the amount of ohmic potential drop that is necessarily included
in the observed cathode potential will be negligible. The most
satisfactory results are obtained when the tip is so adjusted
that it actually becomes immersed slightly and trails in the
mercury-solution interface when the stirrer is in motion, but
it must not dip so deeply into the mercury that electrolytic con-
tact with the solution is lost. Proper location of the tip can
be tested by placing a dilute copper amalgam in the cell in con-
tact with a copper solution, and, with the polarizing e.m.f.
disconnected, comparing the observed cathode potential with and
without stirring; the two readings should agree to 0.01 volt.

The electrical circuit is diagrammed in Figure 4. The e.m.f.
applied to the cell is regulated by a single 10-ohm radio-type
potentiometer-rheostat (General Radio Company, Type 333-A)
and it is read on the voltmeter (0 to 6 volts). The voltmeter is
a convenience rather than a necessity. A 0 to 0.5-ampere
ammeter, graduated to 0.0l ampere, is used to measure the
current.

The potential of the cathode vs. the saturated calomel reference
electrode may be measured with a potentiometer, but it is much
more convenient and amply accurate to measure it with a high-
resistance voltmeter as recommended by Lassieur (3) and Sand

The author employed an improvised high-resistance
voltmeter assembled from a critically damped Leeds & North-
rup box-type galvanometer in series with a 0 to 5-megohm ad-
justable resistance. The galvanometer had a sensitivity of

.01 microampere per mm., and thus the series resistance” was
about | megohm when it was adjusted to produce a full-scale
(100-mm.) deflection with an impressed e.m.f. of | volt. The
resistance of the instrument is so much larger than that through
the salt bridge (ca. 700 ohms) that the error due to iR drop
through the latter is only about 0.07% and hence negligible.
Since the resistance of this voltmeter is so large it can he cali-
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brated directly against a Weston standard cell (through a
tapping key) without damaging the latter. The instrument
was calibrated to read from 8to 1 volt, and the readings were
precise and accurate to 24,01 volt.

Incidentally, the Sargent-Heyrovsk™ polarograph can be
used as a high-resistance voltmeter and thus made to serve
adual purpose. The instrumentisset at maximum galvanometer
sensitivity (ca. 0.003 microampere per mm.) and provided with
an external resistance of about 3 megohms which is adjusted
so that 100 mm. on the scale corresponds to 1 volt.

Gelatin must not be present during an electrolytic separation
with the mercury cathode, because, as a result of its adsorption
on the mercury surface, it causes the stirred mercury to disperse
into droplets and erratic current readings result. The current
density at a given value of the cathode potential was decreased
considerably bﬁ even 0.01% ofgelatin.

Care must be observed in discontinuing the electrolysis to
prevent resolution of the deposited metal from the cathode.
\With the circuit still closed the mercury reservoir is lowered
to drain the mercury from the cell, while the cathode potential
is maintained constant at the value used during the deposition.
When the mercury recedes to a point just above the stopcock
the latteristurned through 180° C. to drain the last bit of mercury
from the cell quickly. The loss of some solution during this
last operation is of no consequence, because the subsequent polar-
ographic analysis determines concentrations rather than ab-
solute amounts of the metal ions remaining; the absolute
amounts are computed from the concentrations and the volu-
metric stoichiometry involved in preparing the solutions for
electrolysis.

Not the least of the advantages of electrolysis at a controlled
potential is the fact that the current reading is a reliable criterion
of the progress of the separation. In all the cases investigated
the current finally dropped to less than 10 milliamperes from
initial values ranging from 100 to 500 milliamperes, depending
on the original concentration of the metal ion being deposited
(compare Figure 6). Little is gained by continuing the elec-
trolysis longer than 5-or 10 minutes after the current decreases
to 10 milliamperes or less.

In the separations and polarographic determinations described
below, the supporting electrolyte consisted of 0.4 M sodium
tartrate plus 0.1 M sodium hydrogen tartrate plus 0.1 M sodium
chloride (occasionally also 0.1 M sodium nitrate), and it is referred
to simply as the “standard acidic tartrate supporting electrolyte”.
Electrolytic separations were performed at ambient room tem-
perature in the presence of air, but the polarographic analyses
were carried out at 25° C. after air was removed from the solutions
with nitrogen.

Separation of Copper. Maximum rapidity of electrolytic
separation of two metal ions requires that the potential of the
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Figure 5. Analysis of Copper Group with Copper Predominating

Original solution contained, respectively/ 100, 2.52, 2.00, and 2.32 miilimolar
copper, bismuth, lead, and cadmium, and polarograms were obtained at 25°C. with the
standard acidic tartrate supporting electrolyte of pH 4.5 containing 0.005% gelatin,
(a) 1 to 20 dilution of original solution, with galvanometer sensitivity 0.340 micro-
ampere per mm. (b) Residual solution from electrolysis of a 1 to 5 dilution of the
original solution with potential of mercury cathode "between —0.13 and —0.16
volt vs. S.C.E. Galvanometer sensitivity 0.0680 microampere per mm. (c) Com-
parison solution containing same concentrations of bismuth, lead, and cadmium, as
were present before electrolysis in solution b. Galvanometer sensitivity 0.0680
microampere per mm. Each curve starts at 0 volt, and each voltage mark corresponds
to an Increment of 0.15 volt.
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mercury cathode be maintained at a value sufficiently negative
to yield the diffusion current of the first, but, to avoid codeposi-
tion, the potential must be more positive than that at which
reduction of the second metal ion begins. Polarograms of
solutions of copper and bismuth in the standard acidic tartrate
supporting electrolyte indicate that the optimum potential
range for the separation of copper from bismuth should be from
—0.12 to —0.16 volt vs. the saturated calomel electrode, and
this has been confirmed experimentally.

A typical experiment in which a large amount of copper was
separated from small amounts of bismuth, lead, and cadmium
is demonstrated by the polarograms in Figure 5. A stock
solution, simulating the sort of solution that would result from
the solution of the copper group sulfides in nitric acid, was
Frepared containing, respectively, 100, 2.52, 2.00, and 2.32 mil-
imolar copper, bismuth, lead, and cadmium, as the nitrates
in 0.5 M nitric acid. Curve a in Figure 5 is a polarogram of a
1/20 dilution of the stock solution in the standard acidic tatrtate
supporting electrolyte. The waves of bismuth, lead, and
cadmium are scarcely detectable in the presence of the 40-fold
excess of copper.

Fifty cubic centimeters of a 1/5 dilution of the stock solu-
tion—i.e.,, 0.02 M in respect to copper—in the standard acidic
tartrate solution were subjected to electrolytic separation as
described above with the potential of the mercury cathode main-
tained between —0.13 and —0.16 volt. The current-time curve
for this separation is shown in Figure 6, and is typical of all
those obtained in other cases. Following an initial rapid de-
crease during the first 3 minutes, during which a steady state
of electrolysis_was established, the current remained constant
up to about 10 minutes, and then decreased rapidly and finally
gradually approached zero. The solution became colorless after
25 minutes and the electrolysis was stopped after 40 minutes—
i.e, 10 minutes after the current had fallen below 10 mil-
liamperes. A 20-cc. sample of the residual solution was treated
with 0.5 cc. of a 0.2% gelatin solution, and its polarogram was
recorded as curve b in Figure 5. The galvanometer sensitivity
for curve b is approximately five times greater than that for
curve a, and the original concentrations of the metal ions were
four times as great.

Figure 6. Typical Current-Time Curve

Obtained during electroéysis of an acidic tartrate solution of pH 4.5 containin

20 millimolar copper, 0.50 millimolar bismuth, 0.40 millimolar lead, and 0.46

Potential of mercury cathode between —0.13 and
—0.16 volt *3.S.C.E.

millimolar cadmium.

In addition to the well-defined waves of bismuth, lead, and
cadmium, a small wave due to residual copper is present in the
polarogram of the solution after electrolysis (curve b in Figure
5). This small wave corresponds to only 0.09 millimolar copper
compared to 20 millimolar before electrolysis. In other words,
the electrolytic separation was 99.5% effective, which is satis-
factory, considering the fact that the half-wave potentials of
copper and bismuth differ by only 0.20 volt. Obviously the
small amount of residual copper does not interfere with the waves
of the other metals.

To establish the fact that the other metals, particularly bis-
muth, were not codeposited with the copper during the elec-
trolytic separation, a comparison solution Was prepared in the
standard acidic tartrate medium containing the same concentra-
tions of bismuth, lead, and cadmium—i.e.; 0.504, 0.400, and 0.464
millimolar—as were present originally in the solution before
electrolysis. The polarogram of a 20-cc. sample of this com-
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Figure 7. Analysis of Copper Group with Bismuth Predominating

(a) Origin.I solution containing 1.04 millimolar copper, 10.07 millimolar bismuth,
0.400 millimolar lead, and 0.465 millimolar cadmium. In acidic tartrate supporting
electrolyte of pH 4.5 containing 0.005% gelatin. Galvanometer sensitivit
1.70 microamperes per mm. (6) Polarogram of solution a repeated with gal-
vanometer sensitivity 0.0680 microampere per mm. (c) Solution remaining after
electrolysis of solution a with potential of mercury cathode between —0.35 and
—0.40 "volt vs. S.C.E. Galvanometer sensitivity ' 0.0680 microampere per mm.
(<f) Comparison solution containing same concentrations of lead and cadmium os in
solution a. Galvanometer sensitivity 0.0680 microampere per mm,

parison solution plus 0.5 cc. of 0.2% gelatin is shown as curve ¢
in Figure 5. A comparison of the waves of bismuth, lead, and
cadmium, in curves b and ¢ shows that no appreciable amounts
of these metals were codeposited with the copper. It is evident
that successful results could be obtained with a larger proportion
of copper to bismuth, lead, and cadmium than in this experi-
ment, and it should be possible to determine considerably
less than | mole % of any of the three other metals in copper
and its compounds.

When, in the separation of copper from bismuth, the cathode
potential is allowed to exceed —0.16 volt, bismuth is codeposited
to an extent dependent on how greatly this limiting potential
is exceeded. For example, in another experiment identical
with the above in all respects except that the cathode potential
was maintained at —0.18 volt, 14% of the bismuth was lost.

In the separation of copper from lead the cathode potential
may be as large as —0.40 volt, which permits a larger current
and correspondingly shorter time of electrolysis (for a given
amount of copper) than in the separation from bismuth. Con-
ditions are even more favorable in the separation of copper
from cadmium.

At a given value of the cathode potential the initial current
is approximately proportional to the concentration of the metal
ion being deposited, and consequently the time required for a
complete electrolysis is roughly the same regardless of the con-
centration. For example, the separation of copper at a cathode
potential of —0.16 volt required 30 to 40 minutes when the
concentration of copper ranged from a few millimolar up to
0.05 M.

Separation of Bismuth. The analysis of the copper group
when bismuth predominates is exemplified by the polarograms
in Figure 7.

A stock solution was prepared containing 1.04 millimolar
copper, 10.07 millimolar bismuth, 0.400 millimolar lead, and
0.465 millimolar cadmium, in the standard acidic tartrate sup-
porting electrolyte. Curve a in Figure 7 is a polarogram of a
20-cc. sample of this solution to which 0.5 cc. of 0.2% gelatin
was added. The copper wave is clearly discernible before the
large bismuth wave, but the lead and cadmium waves are barely
detectable. The wave of this relatively very large concentra-
tion of bismuth shows a small rounded maximum, and hence
it would have been better practice to dilute the solution five-
or tenfold before recording its polarogram. In order to magnify
the copper wave for accurate measurement, the galvanometer
sensi(tjiv(jty was increased by a factor of 25 and curve b was
recorded.
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Figure 8. Analysis of Copper Group with Lead Predominating

Original solution contained 5.05 millimolar copper, 2.52 millimolar bismuth® 50.3
millimolar lead, and 2.32 millimolar cadmium. Polarograms obtained at 25° C. from
acidic tartrate supporting electrolyte of pH 4.5 containing 0.005% gelatin (a) 1 to
20 dilution of original solution, with galvanometer sensitivity 0.170 microampere per
mm. gb) Polarogram of solution a repeated with galvanometer sensitivity Increased
to 0.0340 microampere per mm. (C% Solution remaining after electrolyzing a 1 to
5 dilution of the original solution, with potential of mercury cathode between —0.54
and —0.56 volt vs. S.C.E. Galvanometer sensitivity 0.0340 microampere per mm.
(d) Comparison solution containing same concentration of cadmium as solution c
before electrolysis. Galvanometer sensitivity 0.0340 microampere per mm.

A 50-cc. sample of the original solution was electrolyzed as
described previously to remove the copper and bismuth. The
electrolysis was started with the potential of the mercury cathode
at —0.35 volt, and was gradually allowed to increase to —0.40
volt and then held constant at this value until the electrolysis
was complete (compare polarograms of bismuth and lead).
The electrolysis was continued for 40 minutes, during which
time the current dropped from an initial value of 150 to 3 mil-
liampercs. A 20-cc. sample of the residual solution was then
treated with 0.5'CC. of 0.2% gelatin, and curve ¢ in Figure 7
was recorded at a relatively great galvanometer sensitivity. Only
a trace (0.02 millimolar) “of bismuth remained in the solution,
and the separation was 99.8% complete.

Curve d (Figure 7) is the polarogram of a comparison solution
containing the same concentrations of lead and cadmium (0.400
and 0.465 millimolar) as were present in the original solution.
By comparing curves ¢ and d It is evident that no detectable
amounts of lead or cadmium were lost during the deposition of
the copper and bismuth.

The separation of bismuth from lead and cadmium is so
complete that it should be possible to determine a few tenths
of a per cent of the latter metals in bismuth and its compounds.

Separation op Lead. A typical example of the analysis of
the copper group with lead predominating is furnished by the
polarograms of Figure S.

A stock solution was prepared containing 5.05 millimolar
copper, 2.52 millimolar bismuth, 50.3 millimolar lead, and 2.32
millimolar cadmium in 0.5 N nitric acid. A 1/20 dilution of
this solution was prepared in the standard acidic tartrate medium,
a 20-cc. sample was_treated with 0.5 cc. of 0.2% gelatin, and
polarograms a and 6 of Figure 8 were recorded. Curve a at
the lower galvanometer sensitivity shows the waves of all four
metals distinctly. Curve b was recorded at an increased gal-
vanometer sensitivity to magnify the waves of copper and bis-
muth to measurable magnitudes.

A 50-cc. sample of a 1/5 dilution of the stock solution in
the acidic tartrate supporting electrolyte was prepared and
electrolyzed to remove copper, bismuth, and lead. When
this solution was prepared a considerable proportion of the
lead slowly precipitated as coarse crystals of lead hydrogen
tartrate. The precipitate caused no trouble and gradually
dissolved as electrolysis proceeded. The potential of the
mercury cathode was maintained between —0.54 and —0.56
volt, the optimum values indicated by the polarograms of lead
and cadmium. The initial current was 100 milliamperes, it
decreased to 8 milliamperes after 28 minutes, and the electrolysis
was discontinued after 35 minutes. A 20-cc. sample of the
residual solution was treated with 0.5 cc. of 0.2% gelatin, and
curve ¢ of Figure 8 was recorded. This polarogram shows that
the residual solution contained a small amount of lead (0.24
millimolar), but since its wave is smaller than that of the cad-

mium it does not interfere with the measurement of the latter.
By continuing the electrolysis for a somewhat longer time a more
complete separation could doubtless be obtained, but this will
be necessary only when the concentration of cadmium is very
small.

Curve d in Figure 8 is a comparison solution containing the
same concentration of cadmium (0.465 millimolar) as in the
original solution, and by comparing this curve with curve b
it is evident that no cadmium was lost during the deposition of
the lead.

CONCLUDING REMARKS

In the application of the foregoing methods it is most conveni-
ent if the size of sample taken for analysis corresponds to not less
than about 5 mg. nor more than about 500 mg. of any member
of the copper group in a final volume of 100 cc.

Standard procedures may be used to prepare a solution of the
sample, to remove silver and mercurous ions as the chlorides,
to precipitate the hydrogen sulfide group, and to separate the
copper and tin groups. ’ The procedures described by Swift (8)
are particularly suitable for these preliminary separations.

The washed copper group sulfides are dissolved in dilute nitric
acid, and, after boiling to remove hydrogen sulfide and oxides
of nitrogen, the solution is diluted to a known volume—e.g.,
100 cc. An aliquot portion of this “copper group solution”
is then made up to a known volume in the standard acidic tartrate
medium with 0.005% gelatin (after either partial neutralization
or addition of dilute nitric acid as required to provide a ratio of
tartrate to hydrogen tartrate ion of 4to 1). Polarograms of this
solution are then recorded, and from those waves that are of
measurable height the corresponding concentrations are com-
puted with the aid of the known diffusion current constants as
already described (/).

Those electrolytic separations dictated by the first polarogram
are then carried out and the residual solutions are analyzed
as described above. It is most convenient to use separate
aliquot portions of the original copper group solution in the acidic
tartrate supporting electrolyte for these separations. It is also
advisable to perform separations of the nobler constituents, and
polarographically test for the baser metals in the residual solu-
tions, even though waves of the latter were not observed on
the original polarogram, because traces of a baser metal may
be completely masked by large amounts of a nobler metal
(see Figure 5). Furthermore, such separations should be per-
formed one at a time. For example, an original polarogram
might show large copper and lead waves but no detectable
bismuth wave if only a very small amount of bismuth were
present. In such a case the cathode potential during the separa-
tion should not be more negative than —0.16 volt, so that
only copper will be removed and any bismuth can be detected
and determined from the polarogram of the residual solution.

The combination of electrolytic separations with polaro-
graphic analysis is obviously capable of general application
in a systematic scheme of metal analysis, and it should prove
useful for various special alloy analyses. Further examples
of the utility of the method will be described in forthcoming
papers.
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Determination of Sulfur Dioxide in Dehydrated Foods
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Details are presented of a rapid direct titration method for determining sulfur dioxide in dehydrated

foods.

The reliability of the method has been established by recovery of added sulfur dioxide and

by comparison with distillation and polarographic methods.

S A control measure in the application of sulfite solutions
Ai to vegetables intended for dehydration, a simple method
for determining the sulfur dioxide content has become necessary.
The method proposed here has been designed for inspection
and field work with a minimum of equipment but is also well
adapted to laboratory research. It has been compared with
other chemical methods and also the polarographic method.

The methods of Monier-Williams {10), an official A.0.A.C.
method, and of Nichols and Reed {11) involve distillation of the
sulfur dioxide into neutral hydrogen peroxide or standard iodine
solution. Simultaneously with the publication of the Monier-
Williams report, there appeared a series of reports on the de-
termination of sulfur dioxide by a British committee and other
contributors {2). The committee method, which includes rapid
distillation of the sulfur dioxide into an iodine solution, is of
limited application. The Nichols and Reed method, employing
iodine, has been widely used in California on dried fruits.

The distillation methods are time-consuming and not well
adapted to field work. In addition, with cabbage, onions, and
other vegetables having a high volatile-sulfur content, ab-
normally high values are obtained on the unsulfited controls
when the distillate is absorbed in iodine.

To eliminate many of the objectionable features of the dis-
tillation methods, direct titration of an aqueous extract either
with or without preliminary clarification has been proposed.
Liberation of bound sulfur dioxide by alkaline treatment forms
the basis of the method, first described by Ripper {12). One
may use the double titration technique in which one sample is
titrated for total reducing substances and the other is treated
to remove sulfur dioxide from the reaction. It can be oxidized
to sulfate, or removed by formation of an addition complex.
The latter method is preferable, in the authors’ opinion, because
there is less possibility of drastic change in the other constituents
of the food, and the two titrations differ only with respect to
one component—sulfur dioxide.

Two recent papers, one by lokhel’son and Nevstrueva (S)
and another by Bennett and Donovan {1), describe direct titra-
tion methods. In the former the dehydrated food material is
treated with alkali solution to liberate the “bound” sulfur
dioxide; the extract is clarified and then titrated with iodine to
yield the total reducing substances. A similar sample is treated
with formaldehyde to react with the sulfur dioxide present.
Titration of this sample yields reducing substances other than
sulfur dioxide, which is then calculated from the difference
between the two titrations. This method, involving clarifica-
tion, is time-consuming. The Bennett and Donovan procedure
was developed for citrus juices which are used directly without
extraction or clarification, and acetone is used instead of form-
aldehyde. Unfortunately, data on proper conditions for wider
applicability of the method are not included.

The method described here is an adaptation of these direct
titration procedures. The specific optimum conditions have
been determined for each step of the analysis. For convenience,
this modified Bennett-Donovan procedure is referred to as the
direct titration method.

PREPARATION OF SAMPLE

Considerable care must be used in preparing the sample. A
representative sample must be ground or subdivided into suffi-

ciently fine particles so that the solutions used will leach out all
the sulfur dioxide. In the distillation methods the boiling
process effectively disintegrates the tissue, even though rela-
tively large pieces are placed in the still. ‘The direct titration
methods depend upon leaching action without heating and re-
quire the sample to be finely subdivided before analysis. Prefer-
ably amill such as the Wiley mill with a 2-mm. screen should be
used, in which the sample is ground until practically all has
passed through the 2-mm. screen. A food grinder designed for
preparing vegetable purees can be used, provided certain con-
ditions as to load and time of grinding are adhered to, so that
practically all the material passes a 10-mesh screen and at
least 60% passes a 20-mesh screen. For the samples reported
in this paper adequate subdivision was obtained by 1.5 minutes
of grinding at high speed with a 30-gram charge of dehydrated
shredded cabbage or a 100-gram charge of dehydrated diced
carrots or potatoes. If large pieces of material are left un-
ground, low results are obtained in the assay.

Dried fruits have physical characteristics different from those
of dried vegetables and must be handled differently. By pass-
age through a kitchen food chopper, followed by soaking and
grinding in a food blender, it is possible to prepare uniform,,
finely divided suspensions of dried fruits for analysis. The-
presence of any lumpy material not finely divided will generally
yield low analytical results.

ALKALINE LIBERATION OF BOUND SULFUR DIOXIDE

For each assay an 8-gram sample of the ground dehydrated
material was suspended in 400 ml. of water, 5 ml. of 5 N sodium
hydroxide were added, and the mixture was allowed to stand
for 20 minutes. The amount of alkali needed is not critical
in itself, but must be accurately measured. The quantity
indicated gives a mixture sufficiently alkaline to release the
bound sulfur dioxide, while four times as much yields the same
result. The length of time necessary to liberate the sulfur
dioxide was determined by comparing results over periods up
to 60 minutes (Table I). No significant variation in sulfur
dioxide liberation was found after [0 minutes up to 60 minutes.
Twenty minutes was chosen as a convenient time.

Table |. Effect of Time of Alkali Treatment on Liberation of Sulfur
Dioxide
Length of Alkali Sulfur Dioxide
Treatment Cabbage Carrots Potatoes-
Afin* P.p.m. P.p.m. P.p.m.
0 (no alkali 2020 1880 1l4ia
treatment)
2520 2060
5 2860 2260 1960«
10 3020 2380 2100*
20 3060 2400 2040«
30 3060
40 3060 2400 2020
50 3040
60 3120 2400 2040

FORMATION OF ACETONE-SULFUR DIOXIDE COMPLEX

The effects of pH, acetone concentration, and reaction time
on the formation of the complex were determined.

To study the effect of pH on the formation and stability of
the complex, 8-gram samples in 400 ml. of water were treated
with alkali for 20 minutes, acidified to different pH levels, treated,
with 40 ml. of acetone, allowed to stand 10 minutes, and titrated
with 0.05 N iodine solution. Minimum iodine titers represent
reducing substances other than sulfur dioxide and indicate-
maximum binding of the sulfur dioxide. Table Il shows that,
maximum binding occurs in cabbage and carrots between pH.
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Table 1l. Effect of pH on Stability of Acetone Complex
0.05 N lodine Required

Dehydrated Dehydrated Dehydrated

pH cabbage carrots potatoes
ML ML MI.

1.0 u5.20 1.50 0.60
1.5 4.40
2.0 4.00 0.90 0.40
2.0 4.20 0.90
3.0 4.20 0.90 0.4*0
3.5 4.45 1.00
4.0 4.50 1.00 0**40
5.0 5.20 3.10 1.60
6.0 8.40 4.00 7.00

2 and 3, whereas in potatoes the range is extended to pH 4.
For safe general applicability, the range of pH 2 to 3 was chosen.

Kolthoff and Furman (4, 7) observe that the addition com-
pound is unstable in strongly acid solution, and state that the
optimal pH for addition is about that of a bisulfite solution—
that is, 4.0. Their discussion is concerned with the determina-
tion of aldehyde or ketone in the presence of excess sulfite,
whereas the reverse is the present objective. Experimentally,
with the foods tested, a pH range from 2 to 3 was found most
suitable. This range offers the additional advantage of a good
end point; the starch-iodine end point is less satisfactory with
an excess of acetone at pH 4.

The same pH range was found to be optimum for analysis of
dried fruits. It is necessary, therefore, to maintain this pH
during the acetone treatment and titration. A similar range is
desirable for the formaldehyde complex.

To determine the amount of acid required to neutralize the
alkaline digestion mixture and yield a pH in the proper range,
buffer curves were drawn in which pH was plotted for the mixture
to which successive increments of 5 N acid were added. De-
hydrated cabbage, carrots, and potatoes all gave the same curve,
as might be anticipated under these conditions, and required
7.5 ml. of 5 N hydrochloric acid. Dehydrated apples, apricots,
and peaches gave a curve slightly different from that obtained
with vegetables and required only 6 ml. of the 5 N acid. The
amount of acid required to bring the alkaline digestion mixture
to the pH range of 2 to 3 should be determined for each com-
modity. Because the optimum pH range is in a region where
the pH is affected considerably by added acid, it is necessary
to measure the alkali and acid accurately with pipets or dis-
pensing burets rather than with graduated cylinders.

Concentrations of acetone up to 33% by volume have been
recommended for binding the sulfur dioxide {!, 8). In high con-
centration, acetone interferes with the development of the color
of the starch-iodine end point. By varying the amount of ace-
tone used, it has been found that quantitative binding of the
sulfur dioxide occurs under the conditions of the analysis at
concentrations of acetone of 10% by volume or even slightly
less. With 10% acetone present, satisfactory end points can
be obtained, provided sufficient starch is added.

In the pH range indicated, the reaction between the acetone
and the sulfur dioxide is complete in approximately 5 minutes.
Standing for longer periods, up to 2 hours, was without further
effect. For convenience of operation when several samples were
being run, a 10-minute interval was adopted.

Many substances will react with sulfur dioxide to form stable
complexes. Formaldehyde does not interfere with the color
at the starch end point and yields satisfactory results with some
commodities. In some cases the end point- is easier to follow
with formaldehyde than with acetone. However, formaldehyde
consistently yields results 5 to 10% higher with cabbage than
does acetone.

As noted by Kolthoff and Furman (4, 7) the analysis hinges
upon two factors: the dissociation constants, K, of the salts of
the bound sulfurous acid and the speed of establishment
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of equilibrium. The K for the formaldehyde complex
is theoretically preferable (1.2 X 10~7 at 25° C., compared with
4 X 10" 3for acetone).

The working conditions are in the range 10" 3M for bisulfite,
and M for acetone. It is thus possible to calculate that a titra-
tion error caused by incomplete binding is of the order of 0.4%.
However, as the titration approaches completion, the equi-
librium has been destroyed, and differences in the speed of the
reverse reaction may be responsible for the divergences between
acetone and formaldehyde. This would imply that the form-
aldehyde value would be more nearly correct, but this in turn
would suggest an error in the Monier-Williams value. The
reasoning is not entirely satisfactory because the divergence is
not uniform for all commodities but is most pronounced with
cabbage. Glyoxal, which is now commercially available in a 30
to 40% solution, may prove satisfactory, although the details
have not been worked out.

Because of acetone interference at the starch end point, other
indicators were tried. Methylene blue was found satisfactory
but no better than the starch as finally used. By using a large
amount of starch, 10 ml. of 1% solution per titration, and a
minimum amount of acetone, about 10% by volume, it was
possible to obtain satisfactory end points.

Table Ill. Replicate Analyses of Samples

Dehydrated

Samplea P.p.m. SOi Average
Cabbage A 413, 433, 352, 413, 372 397
Cabbage B 1180,1180,1200,1260,1260,1240 1230
Cabbage C 1340,1360,1320,1240,1280 1308
Cabbage D 3060,3060,3000,3040,3120 3068
Cabbage E 3320,3260,3360,3280,3340 3312
Carrota A 2380,2400,2400,2400,2400 2396
Carrots B 2320,2240,2240,2220,2300 2264
Potatoes A 165, 155, 145, 155, 175 159
Potatoes B 2085,2015,2170,2000,2085 2071

ANALYTICAL PROCEDURE

The determination is best carried out in a 600-ml. tall-form
beaker with the aid of a slow-specd stirrer carrying a propeller
with broad blades having a steep pitch. W.ith this type of stir-
rer, thorough mixing is obtained without beating air into the
mixture. If a stirrer is not available the determination can
be carried out in a l-liter Erlenmeyer flask or even a quart
fruit jar, which is shaken during the analysis.

Two 8-gram samples (x10 mg.) of the dehydrated product
are transferred to the titration vessels; 400 ml. of water and
5 ml. of 5 N sodium hydroxide are added to each and the mix-
tures are stirred. After 20 minutes the mixtures are acidified
with 5 N hydrochloric acid—7.5 ml. for cabbage, carrots, or
potatoes, or 6 ml. for dried apricots, apples, or peaches. To
one of the samples 40 ml. of acetone arc added, while the other
sample is titrated at once with 0.05 N iodine solution using 10
ml. of 1% soluble-starch solution. It is important that the
acidified sample be titrated at once before recombination occurs.
The end point is reached when, with vigorous stirring or shak-
ing, a blue color flashes throughout the entire mixture and
persists for a few seconds. The acetone-treated mixture is
titrated similarly after standing for 10 minutes.

The end points in the titrations are fleeting. In the samples
containing acetone this is particularly true because the complex
continuously yields a small amount of sulfur dioxide by dis-
sociation. When no acetone is present, the end point is more
persistent but even then it is not permanent. With these so-
called flash end points, quantitative results can be obtained.
However, in cases where the available equipment will not grind
the sample fine enough, it is possible arbitrarily to standardize
the method against the Monier-Williams method by choosing
a more permanent end point for the titration carried out in the
absence of acetone.

Reagent blanks must be determined by a similar set of titra-



March, 1944
Table IV. Recovery of Sulfur Dioxide Added to Dehydrated
Sulfited Cabbage and Carrot Suspension
SO. S0.
Originally Found SO.
Present, SO. (Total), Recovered,

A Added B B- A Recovery
Mo. Mo. Mg. Mo. %
Cabbage
10.33 19.21 26.82 16.49 85.8
10.33 19.21 27.04 16.71 87.0
10.33 19.21 27.26 16.93 88.1

Av. 87.0
10.33 37.80 45.10 34.77 92.0
10.33 37.80 45.30 34.97 92.5

Av. 92.2
10.33 75.15 80.05 69.72 92.8
10.33 75.15 80.40 70.07 93.3

Av 93.0

Carrots

18.02 19.91 37.30 19.28 96.8
18.14 19.93 37.46 19.32 96.8
18.14 19.93 37.15 19.01 95.4

Av. 96.3
18.02 39.95 56.50 38.48 96.3
18.02 39.95 56.40 38.38 96.0
18.14 38.75 56.05 37.91 97.8

Av. 96.7
18.02 78.30 95.28 77.26 98.7
18.02 78.30 94.90 76.88 98.2
18.14 77.15 94.00 75.86 98.4

Av. 98.4

tions without food material and subtracted from the correspond-
ing titration values. The difference between the two corrected
titers multiplied by 200 yields sulfur dioxide in parts per million.

For material with a high starch content, such as potatoes,
the titration is continued until the mixture has developed a
deep blue color. During the titration some iodine is adsorbed
on the small solid potato particles, causing them to be blue-
blaek. This is removed slowly and represents only a very small
amount of the total iodine used. It does, however, impart a
gray cast to the mixture which is not to be mistaken for the true
end point. By addition of iodine until a deep blue color is
reached, correct and consistent values are obtained.

ANALYTICAL RESULTS

The reproducibility of results with the proposed method was
checked by repeated assays of sulfited dehydrated cabbage,
carrot, and potato samples (Table Il11) . Accuracy was checked
both by recovery of added sulfur dioxide and by comparison
with other methods. In addition to the methods of Monier-
Williams and Nichols and Reed, which were used for com-
parison, check determinations were carried out with the aid of the
dropping mercury electrode (5, 6).

To determine the recovery of added sulfur dioxide, standard
amounts of sodium metabisulfite solution were added to sus-
pensions of dehydrated sulfited cabbage and carrots. These
samples were analyzed before and after the addition of the
sulfite solution. Very erratic results were obtained under these
conditions,, the deviations being considerably greater than those
encountered in actual analytical practice. Plant material
contains compounds that exert a protective action and inhibit
the destruction of sulfur dioxide by oxidation or other reactions.
Samples of sulfuredcommodities ready for analysiscontain the sul-
furdioxidein a form which is protected and not readilysusceptible
to loss in handling; in samples to which sulfite solutions have
just been added the sulfur dioxide is stabilized only after an
appreciable lapse of time. It was found that the addition of
0.1% of sodium pyrophosphate decahydrate to the sodium meta-
bisulfite solution led to consistent recovery data. The literature
on the inhibitors of sulfur dioxide destruction, other than sodium
Pyrophosphate, has been reviewed by Monier-Williams (10) and
by Mitchell, Pitman, and Nichols (9).
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Table 1V lists the data obtained on the recovery of sodium
metabisulfite solution stabilized with sodium pyrophosphate
when added to dehydrated cabbage and carrots. In each
case, an S-gram sample was taken and the regular analysis
performed except that the indicated amounts of metabisulfite
solution were added to 400 ml. of suspension before addition of
alkali.

The data in Table IV show fair recovery in cabbage and good
recovery in carrots. Even though these commodities were both
sulfured before dehydration and contained appreciable sulfur
dioxide, in the case of cabbage there was a consistent loss of
added sulfur dioxide. This loss probably would not appear
during routine analysis of samples which have been dehydrated
after sulfuring, because the loss would have occurred during the
processing.

Representative data comparing the direct titration method
with the distillation methods for several commodities are given
in Table V.

Potential of dropping electrode—Volts vs. S.C.E.

Figure 1. Measurements with Dropping Mercury Electrode

Supporting electrolyte: (1) 0.1 N hydrochloric acid, (2) plus 0.243 mg. o!
SO 2 per 50 ml.; (3) plui 0.486 mg. of SO i per 50 ml.; (4) plus 0.972 mg. of
SO; per 50 ml.; (5) plus 1.944 mg. of SOs per 50 ml.

Table V. Comparison of Methods of Sulfur Dioxide Analysis
. Direct Monier- Nichols-
Commodity Titration Williams Reed
P.p.m. SO;
Dehydrated cabbage A, not sulfited 100 60 68 320 520
Dehydrated cabbage B, sulfited 372 413 464 468 640 840
Dehydrated cabbage C, sulfited 2310 2450 2560 2480 2632 2570
Dehydrated cabbage D, sulfited 4490 4580 4570 4500 4340
Dehydrated carrots A, not sulfited 0 0 20 20 0 0
Dehydrated carrots B, sulfited 2520 2620 2610 2690 2380 2420
Dehydrated carrots C, sulfited 0260 6220 6390 6460 6300 6320
Dehydrated onions A, not sulfited 86 86 153 121 850 840
Dehydrated onions B, sulfited 445 414 759 644 1490 1550
Dehydrated potatoes A, not sulfited 20 20 40 40 0 0
Dehydrated potatoes B, sulfited 42 S3 142 146 0 60
Dehydrated potatoes C, sulfited 249 314 300 322 180 220
Dehydrated potatoes D, sulfited 853 087 752 732 660 660
Dehydrated potatoes E, sulfited 2160 2225 2295 2305 2090 2100
Dried apples sulfited 3055 2900 2930 2615 2555
Dried apricots A, sulfited 1005 1663 1700 1520 1500
Dried apricots B, sulfited 884 884 914 909 680 886
Dried peaches sulfited 1685 1705 1735 1600 1555
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MEASUREMENTS WITH DROPPING MERCURY ELECTRODE

Most of the methods of determining sulfur dioxide content
depend upon general oxidation or neutralization reactions and
are notspecific. To obtain data specific for the molecular species
involved, a polarographic method employing the dropping
mercury electrode was used. Kolthoff and Miller (6) have
reported results on pure aqueous solutions of sulfurous acid.

A simple manual dropping mercury electrode was used (5).
A number of capillaries were prepared by drawing out capillary
tubing with a 0.25-mm. bore. One having a drop time ofabout 2
seconds was finally chosen and used in all these studies, since
it gave the maximum values of diffusion current that still main-
tained approximate linearity with concentration. Measured
at —0.6 volt in 0.1 N hydrochloric acid, the values for use in
the llkovii equation (5) were as follows:

t = 2.33 sec.
to = 1.83 mg. sec.-!
_ 1.72 mg.2/a sec._1/1

Preliminary experiments led to the choice of 0.1 Arhydrochloric
acid as the supporting electrolyte. To calibrate the apparatus,

1 If hydrocluoric acid was introduced into the electrolysis
cell and swept free of dissolved oxygen with a stream of nitrogen.
The gas flow was then diverted to flow over the surface of the
solution, aliquots of dilute sodium bisulfite solution were in-
troduced to make a final volume of 50 ml., the mixture was stirred
carefully to avoid incorporating oxygen, and the current-voltage
data were recorded.

Representative data are plotted in Figure 1, which includes
the current-voltage curves for pure aqueous solutions of sodium
bisulfite in 0.1 N hydrochloric acid and, in the upper left corner,
a graph showing the relation between the current (sum of dif-
fusion and residual currents) at —0.6 volt and the concentration
of sulfur dioxide.

Potential of dropping electrode - Volts vs. S.C.E.

Figure 2. Measurements with Dropping Mercury
Electrode

. Supporting electrolyte, 0.1 N hydrochloric acid

. Unsulfited cabbage

. UnsulRted cabbage plus 0.486 mg. of SO: per 50 ml.
. Sulfited cabbage

. Sulfited cabbage plus acetone

Unsulfited carrots

. UnsulRted carrots plus 0.486 mg. of SO : per 50 ml.
Sulfited carrots

ONOUTRWNE

Three drops of 1% gelatin solution were added to suppress
maxima in pure solutions. Maximum suppressors were not
necessary in suspensions of vegetable material. All voltages
were measured with a saturated calomel half-cell as the reference
electrode. Typical curves obtained with cabbage and carrot
suspensions are given in Figure 2.

As shown in the figures, the half-wave potential for sulfur
dioxide is the same in pure aqueous solutions as in cabbage or
carrot suspensions. Under the conditions used there were no
interfering waves in the dehydrated vegetable suspensions. Good
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Table VI. Sulfur Dioxide Found by Dropping Mercury Electrode
and by Direct Titration of Sulfited Dehydrated Cabbage, Carrots, and
Potatoes

Sulfur Dioxide

Commodity Direct titration Mercury electrode
P.p.m. P.p.m.
Cabbage 1104, 1070 1100,1050, 1060
Carrots 4St), 499 483, 465
Potatoes A 687, 653 675, 690
Potatoes B 2160,2225 2140,2150
Table VII. Recovery of Sulfite Added to Unsulfited Dehydrated

Cabbage Suspensions
(Dropping mercury electrode data)

SO2 Added SO: Found Recovery
Mg. Mg. %
0.486 0.465 95.7
0.486 0.485 99.8
0.486 0.475 97.7
0.972 0.930 95.7
0.972 0.920 94.6
0.972 0.925 95.2

recovery of sulfur dioxide added to cabbage and carrots is shown
in curves 3 and 7, respectively, of Figure 2, which resemble
curve 3 in Figure 1. Additional recovery data for cabbage are
presented in Table VII. A typical curve showing the effect of
acetone is included in Figure 2. The conditions represented by
curves 4 and 5 differ only in that for the latter they include the
addition of acetone. With acetone present, sqlfited cabbage
yields the same curve as the unsulfited cabbage and the sup-
porting electrolyte. The use of acetone or other binding agent
is unnecessary in the polarographic procedure. The curve is
included here to demonstrate the completeness of reaction be-
tween sulfurous acid and acetone.

In analyses of dehydrated vegetables 1 gram of the material
was weighed into the electrolysis vessel and 48 ml. of water
were added. Larger amounts of dried material may be used,
provided the suspensions produced are not too viscous to work
with conveniently. The distifled water used had been swept
free of oxygen by passing a vigorous current of nitrogen through
it for 30 minutes. One-half milliliter of 5 N sodium hydroxide
was added, the suspension was allowed to stand 10 to 30 min-
utes, and 1.5ml. of 5 A hydrochloric acid were added. Measure-
ments of the diffusion current were commenced immediately.

No oxygen wave has been noted during analysis of samples
of sulfited dehydrated vegetables. This is to be expected,
considering the well-known ability of sulfur dioxide to remove
oxygen quantitatively under alkaline conditions. Loss of sulfur
dioxide is minimized by the use of oxygen-free water and avoid-
ance of vigorous agitation which might incorporate oxygen.
With material that has not been previously treated with sulfite,
it is of course necessary to remove dissolved oxygen by bubbling
a stream of inert gas through the suspension.

Results obtained by the dropping mercury electrode as com-
pared with the direct titration method are given for dehydrated
cabbage, carrots, and potatoes in Table VI. Recoveiy of sulfite
added to dehydrated cabbage is shown in Table VII.

DISCUSSION

From the data presented, it is concluded that the direct titra-
tion method gives reproducible results and has an accuracy
comparable with that of the distillation methods, especially in
the range of 500 to 4000 p.p.m. of sulfur dioxide. It has the
advantage'of requiring less time than the distillation methods,
and very little equipment. It can be mastered readily by an
inexperienced analyst and should prove helpful for inspection
and control laboratories and field stations. The results obtained
by the direct titration and distillation methods are in agreement
with those obtained with the dropping mercury electrode, which
yields data specific for sulfur dioxide under the conditions
used.
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In addition, the direct titration procedure is capable of pro-
viding information not obtainable by the distillation methods.
For example, omission of the alkali in the two titrations will
yield the free sulfur dioxide, and the sulfur dioxide present in
the bound form can then be estimated by determining the total
as described above. The determination will not be precise,
because a measurable time will be needed to leach out the sulfur
dioxide from the food particles, and the equilibrium in the
suspension may have shifted appreciably from that in the de-
hydrated material.

The various methods yield results that show general agree-
ment. Results by the Nichols-Reed method disagree with
those by the other methods on cabbage and onions, when the total
sulfite is low. On cabbage at higher sulfite levels, the results
closely approximate those obtained by the other procedures.
Fresh unsulfited cabbage may vyield iodine-reducing distillates
which, calculated as sulfur dioxide, are equivalent to 2000 to
4000 p.p.m. on the dry basis. Most of the natural reducing
material is lost during dehydration; in control-dried cabbage,
for example, analogous figures vary from 300 to 1000 p.p.m.
This material does not affect the Monier-Williams or the di-
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rect titration values, which are therefore preferred for these
commodities.
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in Potassium Hydroxide

DWIGHT WILLIAMS and GEORGE S. HAINES
Research Department, Westvaco Chlorine Products Corp., South Charleston, W. Va.

Sodium is separated from potassium by extraction of perchlorates
with isopropanol and is precipitated from the alcoholic filtrate with
a magnesium uranyl acetate reagent containing a relatively high
concentration of uranium. The method is rapid and economical,
and requires no temperature control during precipitation. Recovery
of sodium is 94% complete and accurate results are obtained by
means of an empirical factor. The limit of uncertainty of the method
under the best conditions was found to be +0.009% for a sample
analyzing 0.082% sodium hydroxide/ under routine laboratory
conditions it was +0.018% for a sample analyzing 0.085% sodium
hydroxide.

HE sodium content of potassium hydroxide has been deter-

mined in this laboratory for a number of years by separation
of most of the potassium as the perchlorate, followed by pre-
cipitation of the sodium with magnesium uranyl acetate. Two
procedures have been used: (1) separation of the potassium in
aqueous solution followed by precipitation of the sodium with
the Caley-Foullc reagent (8); (2) separation of the potassium
in isopropanol solution followed by precipitation of the sodium
with a reagent having a higher concentration of uranium than
that recommended by Caley and Foulk.

The use of the reagent recommended by Caley and Foulk has a
number of disadvantages. Precipitation is slow and requires
mechanical stirring for a half hour for completion. A very large
excess of dilute reagent is used. This increases the cost and
exaggerates solubility effects. As a result of the latter, close
temperature control and saturation of the reagent with sodium
are required.

The Caley-Foulk reagent contains 35 times as much magnesium
as uranium, expressed in terms of an equivalent quantity of
sodium. It was found that the characteristics of the reagent
could- be improved by increasing the uranium concentration
fourfold at the expense of a slight decrease in the concentration
of the magnesium. Only a relatively small volume and a slight
excess of this reagent, calculated on the basis of the uranium, are
required. Temperature effects are negligible, owing to the low
solubility of sodium in this reagent. Prolonged agitation is not
required and precipitation is complete in a few minutes (in a few
seconds in most cases).

This reagent has been used for the precipitation of sodium from
both alcoholic and aqueous solutions and is equally satisfactory
in both media. Relatively small amounts of potassium inter-
fere and for this reason it is necessary to utilize an organic solvent
for separating most of the potassium from the sodium prior to
precipitation of the sodium. Of the solvents tested for this pur-
pose, 99% isopropanol is the most satisfactory. Isopropanol is
also the most satisfactory solvent tested for transferring and
washing the precipitate. The precipitate is weighed after drying
at 110° C.

REAGENTS

M agnesium Uranyl Acetate. Dissolve 160 grams of uranyl
acetate dihydrate, 180 g?rams ofmadgnesium acetate tetrahydrate,
and 45 grams of glacial acetic acid in 750 ml, of distilled water
by heating to about 70° C. with stirring. Cool to 25° C., dilute
to 1 liter, and filter before using. The specific gravity of this
reagent should be 1.169 + 0.005 at 25°/15° C.

Isopropanol, 99%, supplied by the Carbide and Carbon
Chemicals Corporation as the anhydrous grade.

Perchloric Acid, 70 to 72%, c.p.

PROCEDURE

Weigh a 1-gram portion of solid potassium hydroxide or 2
grams of a liquid sample into a 180-ml. tall-form beaker and dilute
to about 10 ml. Add a drop of phenolphthalein and neutralize
by the dropwise addition of 70% perchloric acid, adding 1.0 ml.
of acid in excess of the netitral point. Evaporate carefully, to
avoid spattering, on a hot plate until dense white fumes of per-
chloric acid appear and then fume 0.5 minute more.  After a little
experience the perchloric acid fumes can readily be distinguished
from the less dense water vapor. The whole evaporation should
be performed at such a temperature that spattering will not occur,
15 minutes is about the minimum time in which this can safely
be accomplished.

After the evaporation is completed, cool the beaker and con-
tents to room temperature in a stream of water, and extract
the precipitate with successive 5-ml. portions of isopropanol.
Caution should be exercised at this point to avoid the danger of
adding organic matter to hot perchloric acid. The extraction
can best be accomplished by adding the isopropanol from a small
fine-tipped wash bottle up to a predetermined mark upon the
side of the beaker. Stir the mixture thoroughly, breaking up
any large lumps of solid material, and decant as much of the
liquid and as little of the solid as possible through a Gooch cru-
cible containing a disk of Whatman No. 40 filter paper. (What-
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man No. 40 disks, 21 mm. in diameter, to fit No. 3 Coors Gooch
crucibles, may be obtained from H. Reeve Angel and Co., New
York.) Repeat this operation three more times, transferring
the precipitate to the crucible with the last 5-ml. portion. Rinse
the beaker into the crucible once with a fine jet of isopropanol and
wash down the sides of the crucible similarly, using a minimum
of alcohol. Transfer the contents of the suction flask to a dry
180-ml. tall-form beaker and rinse the flask with a minimum of
isopropanol. The volume of the beaker contents should be about
25 ml. at this point.

KCLO4 , CRAMS

Figure 1. Effect of Potassium in Alcoholic Solution

Precipitate the sodium by adding 10 ml. of the magnesium
uranyl acetate reagent slowly to the alcoholic solution with
swirling. Continue to swirl for 20 seconds. Allow- the precipi-
tate to stand for 10 minutes or longer and filter throug?h a tared
Gooch crucible containing a disk of Whatman No. 40 filter paper.
Transfer the precipitate and rinse the beaker with four or five
small portions of isopropanol. Wash dowm the sides of the
crucible w-ith isopropanol, using no more than 25 ml. for the entire
transfer and washing operation. Remove the crucible care-
fully, wipe off the outside, dry 5 minutes at 105° to 110° C., cool,
and weigh. Calculate per cent sodium hydroxide as follows:

Grams of ppt. X 0.0261 X 100 m, ~Tr
Grams of samjfie’x 0.94 = % NaOH

EXPERIMENTAL

The reagent recommended by Caley and Foulk (S) contains
42.5' grams per liter of uranyl acetate dihydrate, 250 grams per
liter of magnesium acetate tetrahydrate, and 60 grams per liter of
glacial acetic acid. From 1 to 5 ml. of solution containing up
to 50 mg. of sodium are mixed with 100 to 500 ml. of the reagent
and stirred vigorously for 30 to 45 minutes at 20° C. Because of
the appreciable solubility of sodium in this reagent and the large
volume used, it is necessary to saturate the reagent prior to use
and store at a temperature above 20° C. The uranium content
of the reagent is equivalent to 0.77 mg. of sodium per ml,
while the magnesium content is equivalent to 27 mg. per ml.
It seemed desirable, therefore, to make the uranium and magne-
sium content more nearly equivalent. It was found that solu-
tions could be prepared which contained 180 grams per liter of
each salt, but that uranyl acetate precipitated from this solution
upon stirring at 20° C. For this reason, 160 grams per liter of
uranyl acetate tetrahydrate were chosen as the maximum practi-
cal concentration.

The concentration of magnesium acetate tetrahydrate must
be maintained somewhat below- 250 grams per liter in order to
permit the required amount of uranyl acetate to dissolve. Some
of the experimental work was performed with a reagent contain-
ing 160 grams per liter of the magnesium salt, but a batch pre-
pared from a-reagent labeled Mg(CH3D A2 xHD resulted in low
recoveries of sodium and apparently contained only about 130
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grams per liter of the tetrahydrate. This observation sug-
gested the approximate lower limit for the magnesium acetate
concentration and 180 grams per liter were adopted as providing
a desirable margin of safety. The use of 10 ml. of this concen-
trated reagent in place of 100 ml. of the Caley-Foulk reagent
reduces the cost per determination from about SO.17 to less than
S0.04.

In view of the extremely high potassium-sodium ratio in
caustic potash, the possibility of determining sodium without a
prior separation of the potassium appeared remote. However,
the advantages of such a procedure were so great that it was
considered advisable to investigate this possibility. Conditions
were found which prevented the precipitation of potassium in the
absence of sodium, but the same conditions resulted in large posi-
tive errors in the recovery of added sodium. Moreover, when
the sodium magnesium uranyl acetate was dissolved and re-
precipitated under the same conditions as before, the weight of
the second precipitate bore no relationship to the amount of
sodium present. Thus, the direct determination of sodium in
caustic potash by either one or two precipitations as the triple
acetate appears to be unsatisfactory.

Having eliminated the direct determination of sodium in the
presence of potassium, the procedure resolved itself into two
parts: (1) separation of a large portion of the potassium and
(2) precipitation of the sodium. The simplest procedure for the
separation of the potassium w-ould involve acidifying the sample
with perchloric acid, removing the precipitated potassium perchlo-
rate by filtration of the cold aqueous solution, and precipitating
sodium in the filtrate. To determine the effect of the potassium
remaining in this filtrate varying amounts of potassium perchlo-
rate were added to portions of sodium perchlorate, equivalent to
4.0 mg. of sodium. The volume of each solution was adjusted
to 5 ml. and the sodium precipitated with 10 ml. of magnesium
uranyl acetate. The data obtained indicated that potassium
perchlorate in excess of 70 mg. would probably interfere under
these conditions. The solubility of potassium perchlorate in
water is such that it appeared impractical to reduce the concen-
tration below this level.

Table I.  Solubilities of Sodium and Potassium Perchlorates
NaCloi
Solvent NaClOi KCIOi Ratio X 10"!
G./25 ml. G./2S ml.

Methanol 7.81 0.0207 3.8
Ethanol 3.02 0.0023 12.1
Isopropanol 0.62 0.0015 4.1
Isopropanol, 91% 0.81 0.0064 1.3

Barber and Kolthoff (2) separated potassium from sodium with
ammonium perchlorate in 72% ethanol and precipitated the
sodium from the aqueous solution after evaporating the alcohol.
Willard and Diehl (7) list the solubilities of sodium and potas-
sium perchlorates in several alcohols and mixed solvents. The
high sodium perchlorate-potassium perchlorate solubility ratios
indicated the possibility of separating the sodium from the potas-
sium by extraction, prior to the sodium determination. In
pursuance of this, the approximate solubilities of sodium and
potassium perchlorates in several solvents were determined. To
avoid separation of the solvents, the study was limited to ah
cohols which were miscible with the magnesium uranyl acetate
reagent. The alcohols were technical materials and were
used without further purification. They are described by the
supplier as follows: methanol, not less than 99.85% by weight;
ethanol, absolute; isopropanol, approximately 91% by volume
and isopropanol, not less than 99.4% by volume. The following
procedure was used.

To 100-ml. portions of the alcohols was added excess of the
finely pulverized salt. After heating to 50° C. to hasten dis-
solution the mixtures were agitated vigorously for 2 hours at
25° C. The excess salt was allowed to settle, the supernatant
liquid was filtered, 25-ml. portions of the filtrate were evaporated
to dryness in tared weighing bottles, and the residue was weighed.
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Figure 2.

The data obtained (Table I) indicate that ethanol gives by far
the most favorable ratio of solubility of sodium perchlorate to
potassium perchlorate, while methanol and 99% isopropanol give
about equal ratios. Dilution of isopropanol to 91% substantially
decreased the ratio. This suggested the desirability of making
the separation in an essentially anhydrous medium.

The effect of potassium in alcoholic solutions was determined
by.precipitating 10 mg. (13.3 mg. were used in some tests) of
sodium from 25 ml. of the alcohol. To simulate actual working
conditions 0.75 ml. of 70% perchloric acid was added to each solu-
tion. The data presented in Figure 1 show that ethanol is en-
tirely unsatisfactory as a solvent for the precipitation. If
methanol is used as the solvent, the amount of potassium per-
chlorate which may be present without causing appreciable inter-
ference is about twice the solubility of potassium perchlorate in
methanol, while the corresponding value for 99% isopropanol is
forty-fold. It follow's that isopropanol is the most satisfactory
solvent for the separation and precipitation of the sodium.

Since the complete removal of perchloric acid was impractical,
the maximum amount which could be tolerated was determined.
The data obtained, show'n graphically in Figure 2, indicate that
amounts up to 1.0 ml., and probably more, do not interfere in
any of the three alcohols tested. Positive errors were obtained
at intermediate acid concentrations when using ethanol as the
solvent. While the cause of this anomalous behavior was not
ascertained, it may be due to variations in the degree of solvation.

A 30-minute stirring period was utilized in all the experimental
work described above to ensure complete precipitation of the
sodium magnesium uranyl acetate. To determine the possibility
of shortening the stirring period, 3.0 mg. of sodium, 2.0 mg. of
potassium, and 0.5 ml. of 70% perchloric acid were dissolved in
25 ml. of 99% isopropanol; 10 ml. of magnesium uranyl acetate
were added and the solutions were agitated for varying periods.
The data obtained are presented in Table Il and indicate that
precipitation is complete after 10 seconds of swirling. A 20-
second swirling period was adopted to provide a safety factor.
Subsequent experience w'ith the routine application of the
method indicated that better precision was obtained by allowing
the precipitate to stand 10 minutes, after swirling and before
filtering.

The customary wash solution used for sodium magnesium
uranyl acetate is 95% ethanol, shaken and maintained in contact
with an excess of the precipitate. This and other solvents were
tested as wash solutions by determining the solubility losses dur-
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ing washing. Five 0.65-gram portions of the
triple acetate precipitate, corresponding to
about 10mg. of sodium, were washed in Gooch
crucibles with successive 25-ml. portions of
n2 the various solutions. Table 111 shows that
methanol is unsatisfactory as a wash solution;
95% ethanol in contact w'ith excess precipi-
tate and 91% isopropanol are about equally
3 satisfactory; 99% isopropanol is somewhat
superior to the last two; and the solubility of
the precipitate in acetone is negligible. How-
ever, acetone was found to precipitate the re-
cl \ agent, leaving considerable residue in the
beaker. Thus, although acetone is excellent
for washing the precipitate prior to drying,
itis not satisfactory for transferring or wash-
ing the precipitate free of excess reagent. For
this reason, 99% isopropanol was selected as
the most satisfactory wash solution con-
sidered. The precipitate may be dried at
105° to 110° C. or by aspirating air through it.
If the latter method is used, the precipitate
should be w'ashed with a small volume of ace-
tone to take advantage of its higher vapor
pressure and to reduce the time required to
evaporate the solvent completely.

Caley and Foulk (3) found that the precipitate formed in
aqueous solutions issolvated with 6.5 molecules of water. Schoorl
(3) and Caley and Rogers (4) found independently that magne-
sium uranyl acetate which has been precipitated from aqueous-
ethanolic solutions is solvated wfith ethanol as well as water.
The authors’ experience with the precipitate from aqueous solu-
tions showed that it readily attained constant weight at tem-
peratures up to 120° C., lost weight slowly at 150° C., rapidly
at 180° C., and quickly blackened at 200° C. On this basis a
portion of the precipitate from isopropanol solution was dried at
145° to 150° C. for an extended period. The data, plotted in
Figure 3, show a marked change in the rate of loss in weight after
6 hours, the continued loss in weight being attributed to decom-
position of the molecule. Extrapolation of the curve indicates
a rapid loss of 9.4 or 9.5%, depending upon w'hether decomposi-
tion is assumed to begin immediately upon heating or not until
desolvation is complete. The isopropanol content of portions of

Table Il. Effect of Time of Agitation
(3.0 mg. of Na added)
Sodium
Agitation Found* Error
Mg. Mg.
Stirred mechanically 30 min. 3.02 +0.02
Stirred mechanically 15 min. 3.04 + 0.04
Stirred mechanically 5 min. 3.01 -0.01
Swirled manually 60 sec. 3.07 +0.07
Swirled manually 10 sec. 3.09 +0.09
Swirled manually 5 sec. 2.89 -0.11
Swirled manually 2 sec. 2.85 -0.15

° After subtracting blank of 0.11 mg.

Table 111 Solvent Action of Wash Solutions on Sodium
Magnesium Uranyl Acetate

Methanol, Ethanol, Isopropanol, Isoproganol,
91% 99%

Washing 99.85% 95% Acetone
Gram/25 ml.

1 0.076 0.004 0.006 0.001 0.000

2 0.089 0.003 0.003 0.001 0.000

3 0.096 0.001 0.001 0.001 0.000

4 0.003 0.002 0.001 0.001

5 0.001

Av. 0.087 0.0028 0.0033 0.0010 0.0003

° Maintained in contact with sodium magnesium uranyl acetate precipi-
tate.
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Table IV. Recovery from 50% Potassium Hydroxide
------- rvaun--—-—--

Added Found® Error Recovery
% % % %

0.000 0.000 0.000

0.000 0.000 0.000

0.002 0.003 +0.001

0.010 0.011 +0.001

0.050 0.047 —0,003 94

0.100 0.093 -0.007 93

0.498 0.478 -0.020 96

0.995 0.919 —0.07G 92

1.99 1.85 -0.14 93

; After subtraction of blank of 0.003%.
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Figure 3. Drying of Sodium Magnesium Uranyl Acetate

Loss in weight at 145° to 150° C.

the precipitate was determined by oxidation with diehromate in
sulfuric acid solution, follow'ed by titration of the excess dichro-
matc with ferrous sulfate using diphenylamine sulfonic acid as the
indicator. The recovery of known amounts of isopropanol was
95% complete under the conditions used. The isopropanol con-
tent found on duplicate portions of the precipitate was 1.04
and 1.06%. By difference, the water content is 8.4%. These
data correspond to a precipitate containing 7 molecules of water
and 0.3 molecule of isopropanol and having a molecular weight of
1534. Thus, the theoretical factor for converting to sodium is
0.0150.

To determine the volume of isopropanol required to extract the
sodium perchlorate from the potassium perchlorate, synthetic
samples containing added sodium equivalent to 0.87% of sodium
hydroxide were carried through the procedure except that vary-
ing volumes of isopropanol were used. Extraction with 10 ml.
of isopropanol resulted in the recovery of 0.86%, and 0.88%
was recovered when 30 ml. was used. These data indicate that
the sodium is readily extracted and that 20 to 25 ml. should be
adequate for routine use.

To determine the accuracy of the procedure, a sample of low-
sodium potassium hydroxide was prepared by a method similar to
that of Richards and Mueller as described by Archibald (1). o..
potassium oxalate was recrystallized from water and a hot satu-
rated solution prepared. This was placed in a large porcelain
evaporating dish and electrolyzed, using a mercury pool as cathode
and a platinum disk as anode. The contents were cooled by
immersing the dish in ice water. When the mercury began to
solidify, the supernatant liquid was discarded and the amalgam
washed three times with intermittent electrolysis until the wash
w'ater was free of oxalate ion. Distilled water was added to the
amalgam and the current reversed to hasten the formation of the
potassium hydroxide. The aqueous solution was then evapo-
rated in a porcelain casserole to 48% potassium hydroxide and
stored in a hard-rubber bottle to avoid sodium contamination.

The purified potassium hydroxide was diluted so that 10 ml.
were equivalent to a 2-gram sample of 45% potassium hydroxide.
To 10-ml. portions of this solution were added varying portions
of standard 0.1 N sodium hydroxide and the solutions were
analyzed. Duplicate portions containing no added sodium were
found to contain 0.003 % sodium hydroxide. This was considered
to be a blank determination and was subtracted from the actual
analyses shown in Table IV.
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These data show preponderantly negative errors with fairly
consistent recoveries of about 94% of the added sodium. This
indicates that the method is best applied to the determination of
small amounts of sodium where the absolute errors observed are
less serious. How’ever, by means of an empirical factor for con-
verting the weight of the precipitate to per cent sodium hydroxide,
the accuracy can be made equal to the precision of the method,
wdiich is shown to be very good.

The precision of this procedure was determined under the best
conditions and under routine conditions as described by Moran
(5). Assuming random distribution and applicability of the
normal law integral, 68.3% of all analyses would be expected to
lie within the range of the average of a group of analyses plus or
minus the standard deviation for an infinite group. Similarly,
99.7% of all analyses should lie within the range of the average
plus or minus three times the standard deviation for an in-
finite group. The latter range has been termed the limit of un-
certainty, LU (5). The precision under the best conditions, LUi,
was determined by the analyses of 10 portions of a homogeneous
sample (Table V). The LU\ of —0.009% in a sample analyzing
0.0S2% sodium hydroxide is considered satisfactory. The prc-

Table V. Precision of Method under Best Conditions, LUi
. Deviation from
Analysis NaOH Average,
No. % %
1 0.083 +0.001
2 0.083 +0.001
3 0.086 +0.004
g 0.075 -0.007
2.
7
8
9
10
Av.

Standard deviation of group
Standard deviation of infinite group
LU

Table VI. Precision of Method under Routine Conditions, LUi
. Deviation from
Analysis NaOH Average,
No. Date % %
1 May, 1941 0.088 +0.003
2 May, 1941 0.087 + 0.002
3 June, 1941 0.086 + 0.001
4 June, 1941 0.087 +0.002
5 July, 1941 0.077 -0.008
6 July, 1941 0.087 + 0.002
7 August, 1941 0.074 -0.011
8 August, 1941 0.099 + 0.014
9 September, 1941 0.085 0.000
10 September, 1941 0.085 0.000
11 October, 1941 0.094 + 0.009
12 October, 1941 0.090 + 0.005
13 November, 1941 0.084 -0.001
14 November, 1941 0.082 -0.003
15 December, 1941 0.076 -0.009
16 December, 1941 0.085 0.000
17 January, 1942 0.076 -0.009
18 January, 1942 0.070 -0.015
19 January, 1942 0.086 +0.001
20 February, 1942 0.084 -0.001
21 February, 1942 0.086 +0.001
22 March, 1942 0.094 + 0.009
23 March, 1942 0.089 +0.004
24 April, 1942 0.087 +0.002
25 April, 1942 0.090 + 0.005
26 May, 1942 0.088 + 0.003
27 May, 1942 0.084 -0.001
28 June, 1942 0.088 + 0.003
29 June, 1942 0.090 + 0.005
30 July, 1942 0.086 +0.001
31 July, 1942 0.085 0.000
32 August, 1942 0.075 -0.010
33 August, 1942 0.075 -0.010
34 September, 1942 0.090 + 0.005
35 September, 1942 0.087 + 0.002
36 October, 1942 0.087 +0.002
37 Ootober, 1942 0.089 +0.004
3S November, 1942 0.090 +0.005
39 November, 1942 0.088 +0.003
40 December, 1942 0.088 +0.003
41 December, 1942 0.085 0.000
Av. o 0.085
Standard deviation of group =+=0.0058
Standard deviation of infinite group =+=0.0059
LU =+=0.018
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cision under routine conditions, LUi, was determined from
analyses on the same sample over a period of 20 months. These
data, representing 41 analyses by seven different analysts and
shown in Table VI, indicate an LUi of =*=0.018% and an average
of 0.085% sodium hydroxide. This LU2 represents a rigorous
test of the analytical method and the LXJz-LUi ratio of 2to 1is
considered normal and as indicating the effect of personal,
seasonal, and other variations.
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Refractive Index—Dry Substance Tables for Starch
Conversion Products

J. E.CLELAND, J. W. EVANSY E. E. FAUSER2 and W. R. FETZER2
Union Starch & Refining Co., Granite City, Il

The refractive index of starch hydrolyzate sirups has been found to
measure their dry substance content, provided the ash and dextrose
equivalent are also known. A Il commercial corn sirups are marketed
with essentially the same ash content, largely a function of the dex-
trose equivalent. Thus with the dextrose equivalent known, re-
fractive indices are readily defined in terms of dry substance.
Fortunately the correction for dextrose equivalent is small and

TARCH conversion products for the purposes of this paper
S are defined as com sirups and Nos. "70” and "80” com
sugar sirups, made by the simple hydrolysis of starch by acid.
This definition automatically excludes dual conversion sirups—
acid followed by enzymic hydrolysis and interconversion sirups
made by chemical treatment on an acid hydrolyzate. Of the
products mentioned, corn sirup is the only one which reaches the
trade as a sirup. The “70” and “80” sugars reach the consumer
in the form of crystallized chips or billets. However, these
products are sirups in the factory, and since the moisture at
chipping is essentially the moisture at pouring, refractive index
tables for these products are valuable for manufacturing control.

Corn sirup is the thick, viscous, substantially colorless sirup
obtained from the incomplete hydrolysis of starch. It is sold
on the basis of Baumd and dextrose equivalent and in the trade
is often referred to as corn sirup unmixed or, more simply,
C.S.U. The Baum£ (commercial) will run from 42° to 47°,
the greater part being 43°. Dextrose equivalent (D.E.) is de-
fined within the industry as the percentage of reducing sugars
calculated els dextrose, expressed on a dry substance basis.
Under this general classification, commercial sirup falls roughly
into four groups: brewers’ body sirup, 25 to 35; standard con-
fectioners’sirups, 40 to 45; extra sweet sirups, 50 to 57; and dual
conversion sirup (acid plus enzyme), 60 to 70 D.E. The names
of the first three groups are general, in that there is considerable
interchange in the use of these sirups.

The employment of Baunte as the basis for the sale of corn
sirup follows a natural custom for liquids or sirups. The hy-
drometer, which has always been used, has been standardized at
15.56° C. (60° F.). However, a Baumd test on commercial
«rups at this temperature is impossible because they are too
viscous. To eliminate this difficulty, an arbitrary method of

1Present address, General Mills, Ino., Minneapolis, Minn.

’ Present address, Goodyear Tire & Rubber Co., Akron, Ohio.
1Present address, Clinton Company, Clinton, lowa.
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linear. Likewise, the temperature correction, above 14% dry
substance, is substantially linear. The precision of this method of
determining dry substance is essentially the precision of a four-place
refractometer. Tables are presented covering refractive index-dry
substance for the usual commercial products from 0 to 90% dry
substance and refractive index-commercial Baumi, since all corn
sirup is marketed on a commercial Baume basis.

Baumd determination was adopted years ago and is still in use.
The sirup under test is heated to 140° F. (60° C.) and Baunte
reading obtained with a hydrometer standardized at 60° F.
To the observed reading at 140° F. is added 1.00° B6. which
was originally purported to reduce the reading to 37.78° C
(100° F.). This method for the sale of corn sirup is designated
as commercial Baunte and expressed as commercial BaurntS =
Baunte (140°/60° F.) + 1.00° B6. Although this procedure
simplifies the test, it introduces other difficulties (9), so that the
Baume test requires considerable skill in order to obtain results
of a fine degree of precision. Since the Baumd scale is used as a
measure of the dissolved solids or dry substance in a sirup, this
relationship is of particular interest to manufacturers and users.
Tables giving this relationship have been presented (a). How-
ever, determinations of Baum6 as outlined above and of dry
substances are laborious and time-consuming. A more rapid
test for Baumd or dry substance has been desired for a long time.
Refractive index has been proposed and the Abbe refractometer
has been suggested for its ease of manipulation and speed of
operation.

HISTORICAL

A few’ tables have been published on the refractive index-dry
substance relationship for starch conversion products. Most of
these lack definition through a failure to define adequately the
dextrose equivalent of the product (9). More recently a table
has been published in Germany (6) but only the abstract has
reached this country. The fault with such tables as have been
prepared rests upon (1) inadequate methods for determination of
dry substance, (2) failure to define the dextrose equivalent which
in turn depends upon the dry substance, and (3) failure to
recognize that the refractive index for a given dry substance is
also a function of the dextrose equivalent.

Adequate methods for the determination of dry substance in
starch conversion products («?, 4) have enabled more accurate
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data to be obtained for the dextrose equivalent. Thus a re-
fractive index table became a matter of the collection of suffi-
cient data. These data have been compiled and in use in this
laboratory for six years. The original data have been extended
to a complete range of starch conversion products and a wide
range of temperatures. Although this would at first appear to
necessitate extended tables, considerable simplification was pos-
sible.

MATERIALS

The materials used were commercial products and typical of
each class:

Crude Protein,

13.K. A Dry Basis
Browers'body sirup 32.8 0.25 0.04
Confectioners' corn  sirup 42.0 0.28 0.04
High conversion corn siru 55.0 0.30 0.04
gextra sweet corn sirupg
"70” sugar 82.0 0.41 0.07
“70" sugar 80.0 0.01 0.07
"80” sugar 90.7 1.22 0.08

With the exception of the “SO” sugar, the ash content of the
others is essentially proportional to the dextrose equivalent,
which proved advantageous for plotting refractive index vs. dex-
trose equivalent. Of the materials mentioned above, those of
-12.0, 55.0, 89.0, and 90.7 D .E. were either diluted or concentrated
for a scries of sirups covering the complete range of dry substance
from 0 to 90%. The method used for this procedure has been
published (5). The products of 32.S and 82.0 D.E. were used
in the concentrated ranges of 70 to 90% dry substance. In
addition, the refractive index-dry substance-Baumd relation-
ship was determined for specific Baumfis on innumerable samples
of finished factory products and on similar samples manufac-
tured by competitors during the six years the tables have been
in use.

METHODS OF ANALYSIS

M oisture. The determination of moisture in corn sirup and
corn sugar has been previously described (3, /,, 5). The methods
used were as follows:

Corn Sirup. Filtcr-Cel method (diatomaceous silica, Johns-
Manville Hy-Flo), vacuum oven at 100° C.; alternative methods,
toluene distillation and benzene distillation.

Corn Sugar. For 80 to 92 D.E., Filter-Cel method, vacuum
oven at SO° C.; alternative, benzene distillation.

Bauml: by Hydrometer. Baumd determination has been
previously described (5). The Corn Industries Research Foun-
dation’s official referee hydrometers manufactured by Wm.
Hicrgcsell & Sons, New York, N. Y., were used. The sirup under
test was poured into the cylinder (37.5 X 5.6 cm., 15 X 2.25 inch,
Byrex, without lip). The cylinder was sealed with dual stoppers,
the bottom stopper being placed within 1.25 cm. (0.5 inch) of the
sirup surface and the top stopper closed the cylinder. The
cylinder was placed in the water bath (140° F.), so that water
extended to within 2.5 cm. (1 inch) of the top. At the same
time, distilled water was added to a second cylinder, the test
hydrometer inserted in it, and the cylinder placed in the water
bath. After the sirug was freed of air, the cylinder was placed
on a higher shelf, so that the surface of the sirup extended about
1.25 cm. (0.5 inch) above the water after the hydrometer was
immersed. The dual stoppers were removed from the cylinder.
The test hydrometer was removed, dried, am) immersed in the
sirup. The hydrometer was read in approximately 10 minutes.
To the reading obtained was added the correction necessary
from a previous comparison of the hydrometer with one certified
by the National Bureau of Standards.

Batjme by Pycnometer. A pycnometer in the form of a
sphere with standard taper joints of Pyrex was designed and used.
The apparent specific gravities by pycnometers on various con-
centrations of corn sirup, employing the correction whereby the
apparent specific gravity of pycnometers could be translated to
hydrometer readings, were compared with actual readings by
hydrometers in the same sirup and found to agree within
0.01° B6.

Refractive Index. Apparatus. Water bath, 120-liter (32-
gallon), lagged, equipped with stirrer and metastic mercury
regulator with sensitivity of 0.02° C. Water was transferred
from bath to refractometer by means of a pump, with capacity
of 37.85 liters (10 gallons) per minute.

Light source, 60-watt frosted Mazda bulb.

Zeiss sugar refractometer, new model with rotating compen-
sator, standardized at 20.0° C., Serial No. 54,128. The new-
model Zeiss sugar refractometer consists of a circular casing, con-

16, No. 3

taming the mechanism, mounted on an uprightstand. The height
of stand is such that the ocular is at a convenient height for
reading when the instrument is placed on a table. The fixed
prism of the double prism is anchored in the casing and so
placed that the inner surface of the prisms are placed horizontally,
side by side, when the hinged prism is folded back for cleaning
or recharging.- The telescope, carried on a stout radial arm, Is
almost wholly7 enclosed, only the ocular protruding.

In making observations, the eye looks horizontally into the
ocular. The image in the ocular presents the following appear-
ance: In place of the usual cross lines, the field of view shows
a linear mark, on the right of which is the percentage scale rang-
ing from 0 to 50% in 0.2% and from 50 to 95% in 0.1%. On the
left is a scale graduated in refractive indices, ranging from 1.330
to 1.540, graduated to the third decimal, the fourth decimal
being estimated. The fact that reading is taken in the field of
view ensures a considerable saving of time. The rotating com-
pensator furnishes a means of rendering the boundary7 line be-
tween the bright and dark portions of the field, sharp and free
of color fringes where white light illumination is employed and
in addition renders the colorless boundary line exactly/coincident
in position with the sodium line—that Is, the reading obtained
with white light furnishes the refractive index, «d, for sodium
light.

gAIthough any suitable refractometer may be used for making
dry substance-Baumd determinations of starch conversion
products, the authors have preferred the Zeiss sugar type be-
cause of the ease of cleaning and charging of samples. The
instrument is rugged and has been used in many factories as a
control instrument.

The range of the scale extends from no 1.300 to tid 1.540, while
the percentage readings range from 0 to 95%. The percentage
scale is divided into fifths per cent from 0 to 50% and into tenths
from 50% upwards. The refractive index scale reads to the third
decimal direct, while the fourth decimal is estimated.

The constancy and precision of the refractometer were checked
periodically. Distilled water and the test block supplied by the
manufacturer for this particular instrument were employed at
20.0° C. For temperatures above and below 20° C., distilled
water was used and the refractive index thus obtained compared
to the value given in the International Critical Tables. During
the past six years, the refractometer was found to check and in
any case did not deviate more than one in the fourth place from
these known refractive indices, which was deemed within the
tolerance of experimental procedure.

Temperature. Refractive index values were obtained at 18.0°,
20.0°, 25.0°, 33.0°, 37.0°, 45.0°, and 50.0° C. on the same samples
used for diy substance; Baum®0, and specific gravity. Sample
handling has been described in detail in previous papers (3, 4, 0).

The question of what refractometer temperature to use as the
standard for the heavy commercial corn sirups (Baume over
40°) was given considerable attention. The temperature chosen
was 45° C. based on the following considerations:

1 Speed in transfer and closing of the prisms is essential.
The thick viscous com sirups present difficulties. However,
their viscosities decrease sharply with increasing temperature
ﬁoegr;:d the proportional decrease is very small above 43.33° C.

2. Most corn products and candy factory laboratories be-
come warm in the summertime and those in the midwest often
attain temperatures of 100° F. or more. The relative humidity is
also high. If the refractometer temperature is less than room
temperature, there is a tendency for the prisms to fog. This
condensed moisture hinders the reading and also effects a dilu-
tion of the sample (7,5).

3. The refractometer is already in use in many/candy factories
as an instrument to measure the degree of cooking of starch jellies
and the temperature used is generally 45° C. Therefore 45° C.
enables such plants to measure the refractive index of corn sirup
with existing temperature control (1).

Numerous studies were made to determine if any change took
place in the sample when maintained at 45° C. The method
usually7 employed was to introduce a sample at a low tempera-
ture and obtain a series of readings. The temperature was then
elevated to 45° or 50° C. and held there for periods up to several
hours while readings were taken at intervals. The bath was
cooled down to the original temperature and another series of
index readings was taken at intervals. The results at the high
temperature were found to be constant and the readings at the
low temperatures before and after heating checked precisely.
Hence it was concluded that the use of the refractometer at
45° C. resulted in no loss of precision if the transfer of the sample
to the refractometer and the closing of the prisms were carried
out with dispatch.

Procedure. The method of applying the sirups to the re-
fractometer is important and practice is the best directive.
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Dry
Substance

Table 1.

20.00° C.
Dextrose Equivalent and Ash

42.00
0.28%

1.3330
1.3344
1.3359
1.3374
1.3389
1.3404
1.3419
1.3435
1.3450
1.3466

1.3482
1.3498
1.3514
1.3531
1.3547
1.3563
1.3580
1.3597
1.3614
1.3632

1.3649
1.3666
1.3684
1.3701
1.3719
1.3737
1.3755
1.3774
1.3792
1.3811

1.3829
1.3848
1.3867
1.3880
1.3906
1.3925
1.3945
1.3964
1.3984
1.4004

1.4024
1.4044
1.4065
1.4086
1.4107
1.4128
1.4149
1.4170
1.4192
1.4213

1.4235
1.4257
1.4279
1.4301
1.4324
1.4340
1.4369
1.4392
1.4415
1.4438

1.4462
1.4486
1.4510
1.4534
1.4558
1.4582
1.4607
1.4631
1.4656
1.4681

1.4707
1.4733
1.4759
1.4785
1.4811
1.4837
1.4863
1.4890
1.4917
1.4944

1.4971
1.4998
1.5026
1.5054
1.5082
1.5110
1.5138
1.5166
1.5195
1.5224

1.5252

55.00
0.30%

1.3330
1.3344
1.3359
1.3374
1.3389
1.3404
1.3419
1.3435
1.3450
1.3466

1.3482
1.3497
1.3513
1.3530
1.3546
1.3562
1.3579
1.3595
1.3612
1.3629

1.3040
1.3663
1.3681
1.3698
1.3716
1.3733
1.3751
1.3709
1.3788
1.3806

1.3824
1.3843
1.3862
1.3880
1.3899
1.3919
1.3938
1.3957
1.3977
1.3997

1.4016
1.4036
1.4057
1.4077
1.4097
1.4118
1.4139
1.4160
1.4181
1.4202

1.4224
1.4245
1.4267
1.4288
1.4310
1.4333
1.4355
1.4378
1.4400
1.4423

1.4446
1.4469
1.4493
1.4516
1.4540
1.4564
1.4588
1.4612
1.4637
1.4662

1.4687
1.4712
1.4737
1.4762
1.4788
1.4814
1.4839
1.4865
1.4892
1.4918

1.4944
1.4971
1.4998
1.5025
1.5053
1.5080
1.5108
1.5135
1.5163
1.5191

1.5219
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89.00
0.61%

1.3330
1.3344
1.3359
1.3373
1.3388
1.3403
1.3418
1.3433
1.3448
1.3463

1.3479
1.3494
1.3510
1.3526
1.3542
1.3558
1.3574
1.3590
1.3606
1.3623

1.3640
1.3650
1.3673
1.3690
1.3707
1.3725
1.3742
1.3759
1.3777
1.3794

1.3812
1.3830
1.3848
1.3866
1.3885
1.3903
1.3922
1.3941
1.3959
1.3978

1.3997
1.4016
1.4036
1.4055
1.4074
1.4094
1.4114
1.4134
1.4154
1.4174

1.4195
1.4215
1.4236
1.4256
1.4278
1.4299
1.4320
1.4341
1.4363
1.4384

1.4406
1.4428
1.4450
1.4473
1.4495
1.4518
1.4540
1.4563
1.4587
1.4610

1.4033
1.4657
1.4681
1.4705
1.4729
1.4754
1.4778
1.4802
1.4827
1.4852

1.4876
1.4901
1.4927
1.4953
1.4978
1.5004
1.5030
1.5050
1.5083
1.5109

1.5136

90.7
1.22%

1.3330
1.3344
1.3359
1.3374
1.3388
1.3403
1.3418
1.3433
1.3448
1.3464

1.3479
1.3495
1.3510
1.3520
1.3542
1.3558
1.3574
1.3590
1.3607
1.3623

1.3040
1.3656
1.3673
1.3690
1.3707
1.3725
1.3742
1.3759
1.3777
1.3794

1.3812
1.3830
1.3848
1.3800
1.3885
1.3903
1.3921
1.3940
1.3959
1.3978

1.3997
1.4016
1.4035
1.4055
1.4074
1.4094
14113
1.4133
1.4154
1.4174

1.4195
1.4215
1.4235
1.4256
1.4277
1.4298
1.4320
1.4341
1.4362
1.4384

1.4400
1.4428
1.4450
1.4473
1.4495
1.4518
1.4540
1.4563
1.4587
1.4610

1.4033
1.4657
1.4681
1.4705
1.4729
1.4753
1.4778
1.4802
1.4827
1.4852

1.4877
1.4902
1.4927
1.4953
1.4979
1.5005
1.5031
1.5057
1.50S3
1.5110

1.5136

42.00
0.28%

1.3298
1.3312
1.3327
1.3341
1.3356
1.3371
1.3380
1.3401
1.3416
1.3432

1.3447
1.3463
1.3479
1.3495
1.3511
1.3527
1.3544
1.3560
1.3576
1.3593

1.3610
1.3627
1.3645
1.3062
1.3680
1.3G98
1.3715
1.3733
1.3751
1.3770

1.3788
1.3806
1.3825
1.3844
1.3863
1.3882
1.3901
1.3921
1.3940
1.3960

1.3980
1.4000
1.4020
1.4041
1.4061
1.4082
1.4103

1.4390

1.4413
1.4437

1.4895

1.4922
1.4949
1.4976
1.5004
1.5031
1.5059
1.5087
15115
1.5143
1.5172

90.7
1.22%

1.3298
1.3312
1.3326
1.3340
1.3355
1.3369
1.3384
1.3399
1.3414
1.3429

1.3444
1.3459
1.3475
1.3490
1.3506
1.3521
1.3537
1.3553
1.3569
1.3585

1.3602
1.3618
1.3635
1.3652
1.3068
1.3685
1.3602
1.3719
1.3737
1.3755

1.3773

1.3937

1.5059

45.00° C.
Dextrose Equivalent and Ash

55.00 89.00

0.30% 0.61%
1.3298 1.3298
1.3312 1.3312
1.3327 1.3326
1.3341 1.3340
1.3356 1.3355
1.3371 1.3369
1.3386 1.3384
1.3401 1.3399
1.3410 1.3414
1.3431 1.3429
1.3447 1.3444
1.3462 1.3459
1.3478 1.3475
1.3494 1.3490
1.3510 1.3506
1.3520 1.3521
1.3542 1.3537
1.3558 1.3553
1.3575 1.3569
1.3592 1.3585
1.3608 1.3602
1.3625 1.3618
1.3642 1.3035
1.3659 1.3652
1.3077 1.3669
1.3694 1.3086
1.3712 1.3703
1.3729 1.3720
1.3747 1.3737
1.3765 1.3754
1.3783 1.3772
1.3802 1.3789
1.3820 1.3807
1.3839 1.3826
1.3857 1.3844
1.3876 1.3862
1.3895 1.3880
1.3914 1.3899
1.3934 1.3917
1.3953 1.3936
1.3973 1.3955
1.3993 1.3974
1.4012 1.3993
1.4032 1.4012
1.4053 1.4031
1.4073 1.4051
1.4093 1.4071
1.4114 1.4090
1.4135 1.4110
1.4156 1.4131
1.4177 1.4151
1.4199 14171
1.4220 1.4192
1.4242 1.4212
1.4264 1.4233
1.4286 1.4254
1.4308 1.4275
1.4331 1.4296
1.4354 1.4318
1.4376 1.4339
1.4399 1.4361
1.4422 1.4383
1.4446  1.4405
1.4469 1.4427
1.4493  1.4449
1.4517 1.4471
1.4541 1.4494
1.4565 1.4517
1.4589 1.4540
1.4614 1.4563
1.4639 1.4587
1.4603 1.4610
1.4088 1.4634
1.4714 1.4657
1.4740 1.4681
1.4765 1.4706
1.4791 1.4730
1.4816 1.4754
1.4843 1.4778
1.4869 1.4803
1.4896 1.4828
1.4922 1.4853
1.4949 1.4878
1.4975 1.4903
1.5002 1.4929
1.5030 1.4955
1.5058 1.4981
1.5085 1.5008
1.5113 1.5034
1.5140 1.5060
1.5167 1.5087

1.5202

1.5086

Experience has been that dilute sirups up to 35° BA
may be applied best by means of a dropping pipet con-
trolled by a rubber bulb and that for Baumds above 35°,
the sirup can be applied most conveniently by glass rods
with fire-polished ends.

The procedure followed in obtaining a series of re-
fractive indices over a temperature range was as follows:

After a satisfactory transfer of the sample, the read-
ings were commonly taken by lowering the bath tempera-
ture to the lowest point and working upward. The bath
was equipped with electrical heating coils and a steam
inlet. Readings were made only after the precision
thermometer on the refractometer had shown a constant
reading for at least 5 minutes. In many instances, ob-
servations were continued for long periods to establish
whether or not the earlier reading coincided with the
latter, thus establishing equilibrium in the sirup or
ellmlnatlng the possibility of mutarotation. Each sam-
ple was subjected to a series of transfers until succes-
sive readings agreed exactly in the fourth place. The
transfer's were made at room temperature or slightly
higher, and the refractometer rvas adjusted to the de-
sired temperature by the circulating water from the
bath. It was found particularly advisable to transfer
the lighter samples at room temperature or slightly
higher, for if the circulating water is much below room
temperature, the open prisms tend to fog by condensa-
tion of atmospheric moisture.

If it is desired to obtain refractive indices on heavy
Baume corn sirup at temperatures below 45° C., spe-
cial precautions must be followed in handling the re-
fractometer. The sirup should be applied warm and
then cooled to the desired temperature. After the re-
fractive index has been obtained, the.prisms must be
warmed before attempting their release. The seal of
the prisms with heavy corn sirup at low temperatures
is so great that they may be seriously damaged if a cold
separation is attempted.

METHOD OF PLOTTING GRAPHS

The average number of refractive index-dry substance
determinations for the four sirups—12.00, 55.00, 89.00,
and 90.7 D.E.—was nineteen. Preliminary plotting had
shown that the temperature differential in the range 18°
to 50° C. could be considered a linear function for con-
centrations above 14% dry substance. For concen-
trations below 14% dry substance, the temperature
relationship deviated from a linear function and ap-
proached that of water, with which it coincided at zero
dry substance. Consequently, these four sirups were
used for the master graphs at two temperatures: 20°
and 45° C. The method of plotting was that of D.E.
vs. factors (5). The factors for each experimental dry
substance were obtained as follows:

Observed refractive index —1.3330

For20° C.: dry substance

Observed refractive index —1.3298

Foras®C.: dry substance

The factors obtained ranged between 0.01300 and
0.02000. The graph obtained used dry substance as
the ordinate, each millimeter equaling 0.10% D.S., and
factors as the abscissas, each millimeter equaling 0.00002
factor value. The points were located on the graph
paper by means of a hand lens and marked with the
fine point of a drawing compass. The resulting curve
drawn through the points in each case was of small,
uniform curvature. From the four master curves,
factor values were obtained for each dry substance
and the refractive index was computed for these
data.

The calculated values, when compared to the ex-
perimental data, gave the following results for each
curve: Approximately 45% of comparative values
were identical; approximately 40% differed by 0.0001
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refractive index, this difference being equally divided between
plus and minus values; approximately 10% differed by 0.0002
refractive index, again equally divided between plus and minus
values; the remainder differed by 0.0003 to 0.0004 anti were
confined to the high dry substances range of 84 to 88%. Sirups
of this dry substance are very viscous and the experimental
technique is very difficult for the refractometer, Baum< and
moisture determinations. Several independent tests were al-
ways made at this range of dry substance in an attemptto “tie
down” the refractive index-dry substance relationship. With
ordinary plotting—i.e., refractive index vs. dry substance—it
was difficult to distinguish valid data and the trend. The method
of factors vs. dry substance clearly distinguished the valid data
and defined the trend of the curve.

The resulting refractive index-dry substance data for the dry
substance range of 0 to 90% and at temperatures of 20°and 45° C
appearin Table I.

Table Il. Increase in Refractive Index Caused by 0.61% Added
Ash
Dry Substance Refractive Index at 45° G.

0.00 0.0000
10.00 0.00005
20.00 0.00010
30.00 0.00015
40.00 0.00020
%%8% 0.00025

. 0.00030
70.00 0.00035
80.00 0.00040
90.00 0.00045

REFRACTIVE INDEX-DRY SUBSTANCE-DEXTROSE EQUIVALENT
RELATIONSHIP

As stated earlier, the ash contents of the three sirups

42.00, 55.00, and 89.00 D.E. were essentially proportional
(ash _golgtent . .
j = to the dextrose equivalent and any variation

of the ash from this norm was less than the experimental error
in measurement on a four-place refractometer. To obtain the
effect of the dextrose equivalent on the refractive index, the
values for the refractive index-dry substance for these three sirups
were plotted in the following manner:

Refractive index was used for the ordinates, each millimeter
equaling 0.0002, and dextrose equivalent for the abscissas, each
millimeter equaling 0.20. Thus a cross plot of the three values
would give the refractive index-dry substance relationship for
a given dry substance value. The curve through the three points
was found to be a straight line which did not deviate more than

.0001! in refractive index values within the experimental limita-
tions of the refractometer and the mechanics of plotting. The
line for each dextrose equivalent was ex-
trapolated to 30.00 and 92.00 D.E. From
these data, the refractive indices for a 32.8
D.E. sirup were calculated for high dry sub-
stance values and compared to the experi-
mental refractive index for the same sirup.
The results were the same in most cases
with a deviation not greater than 0.000! B6. 3
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This was pure coincidence, for the refractive index decreases
with increasing dextrose equivalent and increases witli increasing
ash. However, if both sugar sirups are reduced to an ash-free
dextrose equivalent basis, and recalculation made for the 89.00
D.E., 0.61% ash, to place it on the same dextrose equivalent
basis as the 90.7 D.E., 1.22% ash, this calculated sugar would
have the values 91.2 D.E., ash 0.61%. The refractive index
of such sugar values can be obtained easily for all dry substance
values shown above. The refractive index-dry substance values
for this sugar in comparison to the values for the sugar sirup
90.8 D.E., ash 1.22%, immediately measures the effect of 0.61%
ash for all dry substance values between 0 and 90%. A table
for a sugar sirup of 91.2 D.E., ash 0.61%, has been constructed
and the effect of ash content of0.61% on the refractive index is
given in Table II.

Since these data record the effect of one ash value for a com-
plete range of dry substance, it is at once apparent that a com-
plete set of ash corrections can be prepared with reasonable pre-
cision if at least one cross plot of ash effect can be obtained for a
high dry substance value. This is based on the assumption that
the effect of ash is independent of the dextrose equivalent of the
sirup.

A regular corn sirup was chosen to determine the effect of ash
(sodium chloride) because of ease of moisture determination (5)
and these former data may be consulted for the exact procedure.
Briefly, a corn sirup substantially ash-free was prepared and
salt was added to the sirup in increasing amounts. Two con-
centrations were so chosen that values above and below the de-
sired constant dry substance were obtained with the correspond-
ing refractive indices. A straight line cross plot for a fixed dry
substance value was made in terms of refractive index. The

values for a 76.34 D.S. sirup with increasing salt additions are
given in Table ITI.

REFRACTIVE INDEX-COMMERCIAL BAUME

Corn sirup issold on a Baumd basis. This test requires special
skill if reliable data are to be obtained. Therefore, a table giving
the refractive index-commercial Baumd relationship is even
more important from the standpoint of commerce than the re-

Table 1ll. Increase in Refractive Index with Increasing Ash
(76.34 D.S. sirup, refractive index at 45° C.)
Substance Basis Increase in Refractive Index
0.00 0.00000
1.00 0.00042
2.00 0.00086
3.00 0.00130
4.00 0.00174
5.00 0.00218
6.00 0.00250
7.00 0.00268
8.00 0.00274

Table 1IV. Commercial Baumd-Refractive Index

(Refractive indices of corn sirups and corn sugar sirups of various commercial Baumé values)

Dextrose Equivalent-Ash

0.00
refractive index at any chosen value, again 0.28
within the limitations of the refractometer
and the graph paper. The same was true
for the interpolated refractive index for 83.4 19:00 14t
D.E. ascompared to the experimental values. 4200 14878
The facts indicate that the refractive index- 43.00  1.4933
dry substance-dextrose equivalent relation- 44.00  1.4986
) A - 45.00  1.5041
ship can be obtained forany desired dextrose 46.00 15098
equivalent from these curves. 47.00  1.5155
EFFECT OF ASH
g L
The ash in starch_conversmn products is 42.00  1.4928
largely sodium chloride (0). In Table I es- 4500 14081
sentially identical values for refractive index 32.88 1.5093
were obtained for the sugar sirups 89.00 4700 %jé%ég

D.E., ash 0.61% and 90.7 D.E., ash 1.22%.

35.00 42.00 45.00 50.00 55.00 60.00 65.00 82.00 89.00

0.28 0.28 0.28 0.30 0.30 0.30 0.30 0.41 0.61

Refractive Index at 45.00° C.
1.4773 1.4771. 1.4770 1.4769 1.4768 1.4767 1.4766 1.4762 1.4760
1.4824 14822 1.4821 1.4820 1.4820 1.4818 1.4817 1.4813 1.4811
1.4877 1.4875 1.4874 1.4873 1.4873 1.4871 1.4869 1.4865 1.4863
1.4931 1.4929 1.4928 1.4927 1.4926 1.4924 1.4923 1.4919 1.4916
1.4985 1.4983 1.4982 1.4981 1.4980 1.4978 1.4977 1.4973 1.4971
1.5040 1.5038 1.5037 1.5036 1.5036 1.5034 1.5033 1.5029 1.5027
1.5097 1.5095 1.5094 1.5093 1.5092 1.5090 1.5089 1.5085 1.5083
1.5154 1.5152 1.5151 1.5150 1.5149 1.5148 1.5147 1.5143 1.5142
Refractive Index at 20.00° C.

1.4824 1.4821 1.4820 1.4819 1.4818 1.4817 1.4815 1.4810 1.4808
1.4875 1.4872 1.4871 1.4870 1.4869 1.4868 1.4866 1.4862 1.4859
1.4927 1.4925 1.4924 1.4923 1.4921 1.4920 1.4918 1.4913 1.4911
1.4980 1.4978 1.4977 1.4976 1.4975 1.4973 1.4971 1.4967 1.4965
1.5035 1.5033 1.5032 1.5031 1.5030 1.5029 1.5027 1.5022 1.5020
1.5092 1.5089 1.5088 1.5087 1.5086 1.5084 1.5082 15077 1.5075
1.5147 15145 1.5144 15143 1.5142 1.5141 15139 1.5135 1.5132
1.5206 1.5204 1.5203 1.5202 1.5201 1.5200 1.5198 1.5193 1.5191
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tractive index-dry substance table. Such a table was con-

structed by the following procedure:

The refractive index was obtained at two temperatures,
20.00° and 45.00° C., for the dry substance corresponding to the
commercial Baumds 40 to 47 according to the accepted values
for this relationship (5). The three master graplis, 42.00, 55.00,
and 89.00 D.E., were employed. These data were plotted on
millimeter paper employin% refractive index as the ordinate,
each millimeter equaling 0.0002 refractive index, and as abscissa,
the dextrose equivalent, each millimeter equaling 0.10 D.E.
Thus each set of points represented one Bautnd and astraight line
was found to be the best curve through these points. The devi-
ation of points from the straight lino, was not greater than 0.0001
refractive index—i.e., within the limits of the refractometer and
the graph paper. The curve was extrapolated to 30.00 and
9200 D.E. The extrapolated values for 32.8 D.E. were either
equal to or not greater than 0.0001 refractive index from the
experimental values for the sirup, as were also the interpolated
values for the 83.4 D.E. sugar sirup. From the graph of these
values, tables of refractive index-commercial Baumd forarange
of dextrose equivalents have been calculated (Table 1V). A
column of values is also given for the corn sugar sirup—90.7
D.B., 1.22% ash—which, because of its ash content, is not cov-
ered by the above method of graphing but is of interest because
swell a corn sugar sirup is typical of that required for an “'80”
sugar.

SUMM ARY
The refractive index of starch conversion products decreases

with increasing dextrose equivalent. The effect of ash (sodium
chloride) is to increase the refractive index. The decrease of
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refractive index with increasing dextrose equivalent is propor-
tional to the increase in dextrose equivalent if the ash content
of the products is also proportional to the dextrose equivalent.

The temperature-refractive index relationship is linear within
the range 18° to 45° C. when the concentration exceeds 14% dry
substance and within the limits of precision of a four-place in-
strument.

Tables are presented covering the refractive index-dry sub-
stance relationship for starch conversion products typical of
commerce, and refractive index-commercial Baumd for typical
commercial products of varying dextrose equivalents.
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Determination of Zinc in Cyanide Brass-Plating Baths

A. S. MICELI AND . O.

HE large number of papers on the determination of zinc

which have appeared during the past 8 years attest to the
widespread need for rapid and reliable analytical procedures for
this determination. Of the many methods available for the de-
termination of zinc, only two appear to meet the demands
placed on control methods. A control method does not long sur-
vive unless it is inherently reliable, rapid, and inexpensive. The
two methods found to possess these qualities are: (1) the ferro-
cyanide titration using diphenylbenzidine as internal indicator
) with ferric ion held in solution as the pyrophosphate complex
(1), and (2) electrodeposition (6). Where electrolytic equipment
is largely tied up by copper determinations, the determination of
zinc by ferrocyanide titration is designated. The application of
this method to cyanide brass-plating solutions is discussed be-
low. The application of the electrolytic determination of zinc
will be discussed in a later paper. Recently (4) the polarograph
has been successfully employed for determination of the eopper-
zinc ratio of electrodeposited brass. The authors do not as yet
report its use in the determination of copper and zinc in the
brass-plating bath.

PROCEDURE

Centrifuge until clear a portion of the cyanide brass-plating
solution to be analyzed, pipet ml. into a 180-ml. electrolytic
beaker, add dropwise 10 ml. of concentrated hydrochloric acid,
and heat until clear. If the solution is not heated until clear,
the ferrocyanides initially precipitated by the acid will not com-
pletely redissolve in the next step. Cool and carefully add 7 ml.
of a mixture consisting of 3 volumes of concentrated nitric acid
and 2 volumes of concentrated sulfuric acid. Evaporate to sulfur
trioxide fumes, finally heating over an open flame to cause copious
fuming. This step appears essential to assure complete destruc-
tion of ferrocyanides and of organic matter. Cool the residual
moist salts, wash the beaker sides, add 1 ml. of | to | nitric acid,
and remove copper by electrodeposition.

After the removal of copper, add 3 drops of 5% ammonium

LARSON, Motor Products Development Laboratory, U. S. Rubber Company, Detroit, Mich.

persulfate solution to oxidize any ferrous iron to the ferric state.
Evaporate to 25 ml. to destroy excess persulfate. Cool, rinse
beaker walls, add 2 grams of sodium pyrophosphate to form the
ferric iron complex, and finally, 5 ml. of concentrated ammonia.
At this point the solution should be alkaline. If not, make just
alkaline to phenolphthalein, Neutralize the solution with | to !
sulfuric acid and then add 6 ml. in excess. Warm the solution to
40° to 45° C. At this stage commence vigorous mechanical agi-
tation of the solution. This is essential for the rapid response of
the indicator to ferrocyanide additions. Add 3 drops of 1% di-
phenylbenzidine in sirupy phosphoric acid and 3 drops of 0.2%
potassium ferricyanide. The latter addition causes the formation
of the violet oxidation product of diphenylbenzidine. Titrate to
a permanent end point, using a 0.025 molar solution of potassium
ferrocyanide containing 0.3 gram of potassium ferricyanide per
liter. The.ferricyanide in the titrating solution is essential for
obtaining reproducible results and for maintaining good indi-
cator reactivity.

LIMITATIONS AND ERRORS

The successful functioning of the internal indicator requires
careful control of the solution composition. However, the de-
termination is not subject to all the limitations cited in the litera-
ture. Nitrates can be present to the extent of 0.5 ml. of con-
centrated nitric acid per 50 ml. of solution. This makes readily
possible the use of small amounts of nitric acid as cathode de-
polarizer in the electrodeposition of copper. The indicator func-
tions properly in a solution containing 4.5 grams of ammonium
sulfate, 6 ml. of | to | sulfuric acid, and at least 20 mg. of zinc
ion per 50 ml. of solution. These proportions must be main-
tained in order to preserve the sensitivity of the indicator.
Samples containing less than 20 mg. of zinc ion may require the
addition of known amounts of standard zinc chloride solution
prepared from metallic zinc.

To determine the effect of extraneous substances in concen-

trations higher than those encountered in the analysis of a typical
plating solution, a standard zinc chloride solution was used.
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Table 1 Effect of Extraneous Substances on Diphenylbenzidine
End Point
M1, of 0.025 M

Potassium
Substance (Plus Blank) Ferrocyanide

Blank (21.6 mg. of Zn++ in 8.85
aplproximately 50 ml. of
soln.)

Effect on Indicator
Color Change

Yellow-green end point
color change

30 mg. of Pb** 8.85 No effect

10 mg. of As+++ 8.85 No effect

30 mg. of Sh+++ 8.85 No effect

10 mg. of Sn++ 8.85 No effect

30 mg. of Al+++ 8.85 Slightly slower color

change

20 mg. of Fe +++ 8.85 Blue-green end point
(as pyrophosphate complex)
mg. of Fe +++ 8.85 Blue-green end point
(aspyrophosphate complex) .

BOmg. ofFe* ++ 8.85 Blue-green end point
(as pyroR‘hosphate complex)

30 mg. of Ni++ 15.05 (Ni precipitated as the

ferrocyanide)

10 mg. of Th + 8.85 No effect

10 mg. of Mg++ 8.85 No effect

30 mg. of Ca™f 8.85 No effect

30 mg. of SiOi*“*“ 8.85 No effect

20 mg. of Si0a“*“ 8.85 Color change slow

4 ml.of 1to 1 HNOj 9.15 No change

2.5 ml. of 1to 1 HNOa 8.90 No change

1.3 ml. of 1to 1 HNOa 8.85 No change

10 mg. of Durodex cleaner0 8.85 Color change less sharp

10 mg. of Magnus cleaner & 8.80 Color change less sharp

10 mg. of gelatin 8.85 No effect

30 mg. of thioglycol

No color or end point
30 mg. of acid pickling inhibi-

tor 1 No color or end point
2 No color or end point
3 No color or end point

* An alkaline cleaner with about 10% silicate and 0.5% phosphate.
» Similar to Durodex but containing a small amount of soap.
* The three types of inhibitors used are thoughtto bo:

1, apiperidine derivative.

2, asulfonated primary or secondary aromatic amino.

3,an aldehyde-aromatic amine reaction product.

Each titration sample was prepared by pipettin? 10 ml. of stand-
ard zinc chloride solution into a 180-mi. electrolytic beaker, add-
ing 4 grams of ammonium sulfate, 6 ml. of 1to 1 sulfuric acid, and
finally the extraneous material to be tested. The resulting solu-
tion was diluted to 50 ml., heated to 45° C., and titrated with the
ferrocyanide solution.

A common source of indicator trouble arises from the presence
of small amounts of surface-active organic matter in the solution.
Reference to Table | shows that such material is capable of pre-
venting completely the formation of the colored form of the indi-
cator and must as a consequence be destroyed before proceeding
to the zinc titration. Certain common inorganic ions in con-
centrations as high as 0.2 mg. per ml. of solution do not interfere
significantly with the titration. The end point is unaffected and

the color change remains sharp, though slight changes in hue may
result. A silicate-ion concentration above 0.5 mg. per ml. renders
the color change slow and less distinct. In the absence of iron
the end point color is yellow-green; in the presence of iron, blue-
green. A few trials with solutions of known zinc content will
familiarize the analyst with the various stages of the color changes
before and at the end point. However, a few hints will aid (3).

With the initial addition of 3 drops of ferricyanide, a violet
color should develop. Lack of color at this point indicates serious
divergence from the suggested procedure. A new sample is indi-
cated. With the addition of 0.025 molar potassium ferrocyanide
(containing 0.3 gram of potassium ferricyanide per liter), the
initial violet changes to blue. As the titration proceeds, the blue
color fades to a light shade of blue. At a few milliliters from the
end point, this light blue will change tlirough blue-green, then
yellow-green, and finally attains a light violet color. The color
transitions obtained following the light blue stage depend on the
rate at which ferrocyanide is added, on the temperature, and on
the rate of stirring. Some stages in the color change may not
appear. The colorat about 2 ml. from the end point should, how-
ever, be violet. Enough time must be allowed for the develop-
ment of the violet complex, which at 400to 45°C. isa very sensi-
tive and mobile indicator.

If sufficient time is allowed for its development after each in-
crement of ferrocyanide, the end point can be approached with
certainty and precision. The titration requires 5 to 10 minutes.
Starting with clear bath solution, the determination of both
copper and zinc requires an average of 1.5 hours. A distinct
advantage of the suggested procedure is that no transfers are
required, the analysis being started and finished in the same

vessel.
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Determination of Sesamin

MARTIN JACOBSON, FRED ACREE, Jr., and H. L. HALLER
U. S. Department of Agriculture, Bureau of Entomology and Plant Quarantine, Beltsville, Md.

A method for the guantitative determination of sesamin in sesame
oil is based upon measurement of the greenish-yellow color pro-
duced by sesamin when it is allowed to react with a mixture of per-
chloric acid and hydrogen peroxide.

ESAME oil, a vegetable oil extensively used in Europe and
Asia for culinary purposes, has commanded but little at-
tention in this country, and the number of published American
investigations (7) on it is small. In a large measure this is
probably because it is an imported oil and is not an important
article of our commerce.
In 1940 Eagleson (1, 3) showed that the toxicity to house-
flies of a kerosene solution of pyrethrins was considerably in-
creased by the addition of a small amount of sesame oil. The oil

alone in kerosene was without effect and was the only one of 42
animal and vegetable oils tested (2) that produced synergism.
By fractional distillations of sesame oil Haller et al. (S) showed
that the principle responsible for this synergistic effect is sesamin,
one of the components of the nonsaponifiable fraction and a
characteristic constituent of the oil. Sesamin is a substituted
bicyclodihydrofuran and is not very reactive chemically. It
can also be removed from the oil by extraction with 90% acetic
acid, or by adsorption (6) on charcoal or clay, from which it can
be removed by elution with suitable solvents.

Besides sesamin, sesame oil contains sesamolin, which on
treatment with mineral acid yields sesamol, a phenol. This
compound is responsible for several of the color tests {8, 9)
used to identify sesame oil. Its value as a synergist with pyre-
thrum is not known.
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Figure 1. Standard Reference Graph

With the curtailment of pyrethrum imports due to the war,
the discovery that sesame oil containing sesamin could save
part of the pyrethrins in insectidical compositions has assumed
considerable importance. The addition of 5% of sesame oil
to a solution of pyrethrins in kerosene (2) or dicldorodifluoro-
methane (4) saves about 50% of pyrethrum.

To be effective as a synergist with pyrethrum, sesame oil
must contain sesamin, but the minimum quantity needed has
not yet been determined because the sesamin content is variable,
and no quantitative method has been proposed for its detection
and estimation. Whether the variability is due to variation
in the seed or to removal of more or less of the sesamin in the
process of refining the oil also remains to be determined.

This paper proposes a method for the determination of ses-
amin, based upon the observation that a mixture of perchloric
acid and hydrogen peroxide gives a greenish-yellow color with
any vegetable oil containing sesamin. The color persists for
about 6 minutes and this allows ample time for measurement.
A curve is established, from which the sesamin content of un-
known solutions is read directly, by measuring the color pro-
duced by standard solutions of pure sesamin dissolved in sesamin-
free sesame oil. The color is measured in this laboratory in an
Aminco photoelectric photometer employing a No. 46 blue filter
(optical centroid at about 460 millimicrons) and water as a blank
to balance the photometer at 100% transmission. (Formation
of bubbles of oxygen, after 10 to 15 minutes, in reagent-refined
kerosene mixture precludes its repeated use as the blank.)
By carrying out the following procedure for preparing the
standards and the reagent and for developing the color, it is
believed that reasonably accurate results may be obtained.

PROCEDURE

Preparation of Reagent. Caution must be exercised
in handling the following reagents, since they are extremely
corrosive. Add, with shaking, 2 ml. of 30% hydrogen peroxide
to 4 ml. of 70 to 72% perchloric acid maintained at 15° to 20° C.
A mixture that is prepared below 10° C. gives erratic transmission
values. This amount of reagent suffices for one reading only.
The reagent must be made up fresh for each reading not more
than 10 minutes before use. If allowed to stand longer, it
oxidizes rapidly and also gives erratic values.

Preparation of Standard Solutions. The sesamin-free
sesame 0il used in the standard solutions is prepared by dis-
solving 100 grams of sesame oil in ml. of petroleum ether
(b.p. 30° to 60° C.) and extracting it in a separatory funnel
about six times with 20-ml. portions of 90% acetic acid, or until
a test portion of the oil shows no color in the reagent described
above. The petroleum ether solution of the oil is washed free
of acid with water and then dried over sodium sulfate. The oil
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is recovered in 97% vyield by removing the solvent completely
under reduced pressure.

The pure sesamin used in the standard solutions may be ob-
tained by washing the combined acetic acid extracts once with
25 ml. of petroleum ether and then removing almost all the
acetic acid under reduced pressure, at 15to 20 mm., 60° to 80° C.
The residue crystallizes when 5 to 10 ml. of hot 95% ethanol are
added. The sesamin is filtered from the cold solution and puri-
fied by several recrystallizations from ethanol. The sesamin
used in these determinations melted at 121-122° C. (corrected).
All samples of refined sesame oil tested in this laboratory were
found by acetic acid extraction to contain approximately 1%
of sesamin by weight.

One hundred milligrams of pure sesamin, ground in a mortar
to a fine powder, are made up to grams with the sesamin-
free sesame oil and dissolved w'ith slight warming. Aliquots
of 1000, 750, 500, 250, and 100 mg. of this solution are made
up to 10 ml. with refined kerosene in separate volumetric flasks.
(In these experiments the kerosene used was Deobase.) These
standard sesame oil solutions therefore contain 1.00, 0.75, 0.50,
0.25, and 0.10 mg. of sesamin per ml., respectively.

Development and M easurement of Color. One milli-
liter of the standard solution is pipetted into a small, dry centri-
fuge tube. The 6 ml. of freshly prepared reagent are added, and
the tube is closed quickly with a clean, tight-fitting rubber stop-
per. After beiné] shaken vigorously for 30 seconds, the tube is
centrifuged for Z minutes to clear the resulting emulsion, and
then the contents are carefully poured into a clean, dry photom-
eter test tube. The aqueous layer, at the bottom of the tube,
shows a color ranging from faint yellow' to dark greenish yellow,
depending upon the amount of sesamin present. The color is
measured in the photometer exactly 5 minutes after the reagent
is added. The procedure is repeated on each of the other
standard solutions. As shown in Figure 1, the results are plotted
on semilogarithmic paper as per cent transmission against con-
centration of sesamin, providing a standard graph for reference
of all analyses made on the same instrument with the same
reagents.

To determine the sesamin content of a sample of unknown
oil, usually 500 mg. of oil are diluted to 10 ml. with refined kero-
sene. The 500-mg. sample is ideal for any oil containing from
0.25 to 1.75% of sesamin.

It is probably best to keep the transmission readings between
80 and 28% by adjustment, if necessary, of the size of sample
taken. A L-mi. aliquot of this solution is pipetted into a dry
centrifuge tube and the procedure outlined above for develop-
ing the color in the standard solutions is followed exactly. The
percentage of light transmission is measured in the photometer
and is referred to the standard graph. The concentration of
sesamin contained in the aliquot of the kerosene solution is
read from the standard graph, and the percentage of sesamin in
the unknown oil is calculated as follows:

Per cent of sesamin = conger_nratlon of sesamin X_ 10 X 100
milligrams of unknown oil

PRECISION OF METHOD

The curve shown in Figure 1 is drawn through 6 points, each
of which is the average of 10 measurements. The standard
deviations of the transmission readings tended to increase with the
readings themselves, the largest deviation, +2.5%, occurring
at 65% transmission. Allowance for this trend and for the
curvature of the standard line indicates that the standard
error of the final result is practically constant, and that it amounts
to about +0.05% of sesamin when the result of a single deter-
mination on an unknown is read from a curve established from
10 replicates.
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Determination of Camphor and Alcohol in Spirit of
Camphor by Refractive Index and Specific Gravity

ELMER M. PLEINland CHARLES F. POE
College of Pharmacy, University of Colorado, Boulder, Colo.

N EARLIER investigations the authors accomplished the

analysis of spirit of camphor by means of 2,4-dinitrophenyl-
hydrazine (1) and the optical activity of camphor (2). The
method presented here uses the two physical constants, re-
fractive index and specific gravity, and is applicable to synthetic
camphor as well as the natural product.

Schoorl (5) and Weber (4) used physical constants for the
analysis of spirit of camphor official in the Dutch and German
Pharmacopoeias, respectively. However, their works are
not applicable to analysis of the United States Pharmacopoeial
product because the preparations in the Dutch and German
Pharmacopoeias contain 10% (by weight) camphor and about
60% (by weight) alcohol. The composition of those spirits
therefore varies considerably from that of the U.S.P. product.

EXPERIMENTAL

Samples of camphor were obtained from widely different
sources over a period of 10 years. Each sample was purified at
least twice by sublimation. The first 10% and the last 5%
ofthe sample were rejected each time.

Several solutions containing varying percentages of camphor
and of alcohol were prepared from each sample. The solutions
studied were made to contain from 7.5 to 11.5% (weight to
volume) camphor and from 70 to 90% (by volume) alcohol
by the method described in a previous communication (¢).

The refractive indices of the solutions were determined at
20° C. with a Valentine, Abbe-type refraetometer and the
szpecific gravities were determined with a 25-cc. pycnometer at

0o 200C.

JVom the refractive indices and the specific gravities of about
100 solutions a chart (Figure 1) was constructed in which the
ordinates represent the refractive indices and the abscissas rep-
resent the specific gravities. By connecting the points as

1Present address,
Seattle 5, "Wash.

University of Washington, College of Pharmacy,

73770
13760
13750

13740

% 7.3730

t
13720\~
1.37/0
i.3700
08/00 08200 08300 0.8400 08500 0.8600 0.8700
Specific Gravity (¢% o)
Figure 1. Determination of Camphor and Alcohol
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plotted, several four-sided figures were formed and divided into
smaller units in order to facilitate the use of the chart. Greater
accuracy can be obtained with an enlarged chart with additional
subdivisions. The more nearly horizontal lines represent
camphor percentages from 7.5 to ll-.0o and the more nearly
vertical lines represent alcohol percentages from 70 to 90.

Table I.  Analysis of Natural Camphor

Refrac- Camphor Alcoliul

Camphor  Alcohol tive Specifio Deter- Vari- Deter- Vari-
Present Present Index Gravity mined ation mined ation
% % % % % %
7.50 70.00  1.3719 0.8780  7.50  0.00 70.00  0.00
7.50 87.93  1.3715 0.8237  7.41 -0.09 87.80 -0.13
7.50 90.00 1.3708 0.8153  7.49 -0.01 89.97 -0.03
7.75 80.00  1.3726 0.8503  7.60 -0.15 79.75 -0.25
7.85 77.00  1.3727 0.8580  7.75 -0.10 77.08 + 0.08
7.92 73.00  1.3726 0.8695  7.90 -0.02 73.08 + 0.0S
8.00 86.00  1.3724 0.8297  7.99 -0.01 85.94 -0.0c
8.75 78:00 1.3738 0.8538  8.74 -0.01 78.05 +0.05
S.80 74.00 13730 0.8058  8.72 -0.08 73.98 -0.02
8.90 80.00  1.3739 0.8479  8.87 -0.03 80.00  0.00
9.00 88.00  1.3726 0.8194  9.05 +0.05 88.00  0.00
9.35 82.50  1.3742 0.8388  9.38 +0.03 82.47 -0.03
9.40 83.00  1.3743 0.8365  9.58 +0.18 83.19 +0.10
9.75 87.50  1.3732 0.8199  9.64 -0.11 87.52 +0.02
9.80 85.00  1.3743 0.8300  9.92 +0.12 84.87 -0.13
10.00 70.00  1.3747 0.8751  10.05 +0.05 69.97 -0.03
10.00 74.00 1.3750 0.8640  9.94 -0.06 74.00  0.00
10.00 S0.00  1.3751  0.8467  10.00  0.00 79.90 -0.10
10.00 80.00  1.3751  0.8465 10.00  0.00 79.89 -0.11
10.00 80.50  1.3750 0.8440  9.97 -0.03 80.64 +0.14
10.00 85.31  1.3742 0.8285 9.93 -0.07 8528 -0.03
10.00 85.31  1.3743 0.8280 10.06 +0.06 85.30 -0.01
10.00 85.31  1.3743 0.8287 10.03 +0.03 85.20 -0.11
10.00 85.31  1.3744 0.8286 10.11 +0.11 8512 -0.19
10.00 86.00  1.3740 0.8250 10.02 +0.02 86.0G +0.06
10.20 83.00  1.3749 0.8364 10.13 -0.07 82.84 -0.10
10.60 76.00  1.3757 0.8572  10.46 -0.14 76.20 +0.20
10.90 82.00  1.3756 0.8375 10.77 -0.13 82.12 +0.12
11.00 75.00  1.3704 0.8601 11.10 +0.10 74.85 -0.15
11.00 84.00  1.3754 0.8300 10.96 -0.04 84.20 +0.20
11.10 87.00  1.3746 0.8188 11.09 -0.01 86.86 -0.14
11.50 70.00  1.3761 0.8730 11.58 +0.08 70.00  0.00
11.50 85.00  1.3758 0.8257 11.55 +0.05 85.11 +0J]

The chart was used for the analysis of sam-
ples of spirit of camphor of known composi-
tion. The refractive index and specific gravity
of each solution were determined. Tb.9 point of
intersection on the chart found from these two
constants was located by reference to the re-
spective ordinate and abscissa. From this point
of intersection the percentage of alcohol was de-
termined by following along the nearly vertical
lines from the point of intersection to the outside
of the four-sided figure, either top or bottom.
The percentage of camphor was determined by
following the nearly horizontal lines to the out-
side, either right or left. For example, the re-
fractive index of 1.3740 and the specific gravity
of 0.8500 may be selected. After the point of
intersection has been found, the alcohol con-
tent may be read as 79.29% and the camphor
content as 8.92%.

Thirty-three samples of spirit of natural
camphor of known composition were analyzed
by use of a chart similar to Figure 1; the re-
sults are given in Table I. The determined
values are in accord with the theoretical values.
The camphor content shows variations from
—0.15 to 4-0.18% and the alcohol content |from

0.8800 -0.25 to +0.20%.

Since synthetic camphor is now used to a
considerable extent, several samples of spirit
were prepared viith the synthetic product col-
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Table Il.  Analysis of Synthetic Camphor

Cam-

phor Refrac- Camphor Alcohol

Pres-  Alcohol tive  Specific Deter- Vari- Deter- Vari-
it) ent Present Index Gravity mined ation mined ation

% % % % % %

1 10.00 85.56 1.3741 0.8275 9.92 -0.08 85.50 -0.00
1 10.00 85.50 1.3742 0.8279 9.98 -0.02 8535 -0.21
él 10.00 85.56 1.3741 0.8277 9.90 -0.10 8548 -0.08

10.15 77.00 1.3754 0.8549 10.15 0.00 77.00 0.00
2 10.00 85.56 1.3743 0.8278 10.08 +0.08 8534 -0.22
2 10.40 84.00 1.3749 0.8321 1033 -0.07 83.88 -0.12
3 9.70 79.00 1.3749 0.8501 9.75 +0.05 7891 -0.09
3 10.00 85.56 1.3742 0.8278 998 -0.02 85.43 -0.13
3 10.00 86.00 1.3741 0.8250 10.03 +0.03 8594 -0.06
4 84.00 1.3739 0.8341 9.31 +0.01 8398 -0.02
4 10.00 85.54 1.3744 0.8277 10.17 +0.17 85.33 -0.21
4 11.10 81.00 1.3763 0.8405 11.22 +0.12 80.93 -0.07
5 8.00 80.00 1.3730 0.8486 8.00 0.00 80.15 +0.15
5 10.00 85.56 1.3742 0.8277 10.00 0.00 85.45 -0.11
5 10.90 80.00 1.3760 0.8447 10.85 -0.05 80.00 0.00
6 10.00 85.40 1.3743 0.8284 10.03 +0.03 85.18 -0.22
6 10.00 80.00 1.3751 0.8467 10.00 0.00 79.90 -0.10
6 10.50 85.60 1.3740 0.8250 10.54 +0.04 8570 +0.10
7 10.00 85.40 1.3742 0.8286 991 -0.09 85.20 -0.20
7 10.00 80.00 1.3741 0.8250 10.07 +0.07 8597 -0.03
7 9.70 79.00 1.3749 0.8501 9.75 +0.05 7891 -0.09
8 10.00 85.40 1.3742 0.8286 991 -0.09 8520 -0.20
8 10.50 85.60 1.3745 0.8250 10.45 -0.05 85.77 +0.17
8 9.70 79.00 1.3750 0.8500 9.82 +0.12 78.78 -0.22

Precision and
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leeted from eight different sources; Table Il shows the re-
sults of the analyses. Again these are in accord with the
theoretical values.

SUMMARY

A chart has been constructed from which the percentages
of alcohol and camphor in spirit of camphor may be deter-
mined when the refractive index and specific gravity of the
spirit are known. Analyses of different samples of spirit of
camphor, whether prepared from natural or synthetic camphor,
by the proposed method show close agreement with the theoretical
values.
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Accuracy of Colorimetric Procedures as

Analytical Control Methods

Determination of Aluminum

ALLEN L. OLSEN, EDWIN A. GEE, and VERDA MCcLENDON
Bureau of Mines, Eastern Experiment Station, College Park, Md.

A colorimetric procedure for the determination of aluminum, calcu-
lated and represented as aluminum trioxide and involving the forma-
tion of the red complex by the interaction of the aluminon reagent
and the aluminum ion, has been developed to meet the special re-
guirements in the rapid analysis of leach liquors in pilot-plant
operations. The factors influencing color intensities have been
investigated and the requisite techniques for a precision and an
accuracy of a control character are described. Employing these
techniques in the analysis of an aliquot of the leach liquor, precision
and accuracy studies as applied to ordinary and refined laboratory
techniques have been made on typical analytical data. Statistical
reasoning based on the standard deviation is applied to the acquired
data. Applying ordinary laboratory techniques, the average pre-
cision, measured by the average deviation of the single results from
the mean, is of the order of 1% or 10 parts per 1000, while the over-
all accuracy is of the order of 1 to 3%.

UMEROUS literature references (7, 8, 12) and recently
N published books (3, 6, 17) describe in detail the procedures
involved in colorimetric determinations. Although the colori-
metric method has been used for the-rapid estimation of small
quantities of many inorganic substances, not a great deal of em-
phasis has been placed on the precision and accuracy that might
be expected in its use as an analytical control method. In quality
control work, speed is so essential that precision and accuracy
are often sacrificed; however, since intelligent conclusions in
plant operations have to be based on the analytical data, it is
essential to ascertain the precision and accuracy of the control
methods.

Recent investigations in this laboratory have been concerned
with the colorimetric procedures involving aluminum, titanium,
silicon, and sodium. The procedures are, for the most part,
adaptations of previously published methods; however, as a

matter of convenience, deviations from standard procedures are
necessarily made from time to time, and the subsequent effects of
the variables on precision and accuracy are briefly considered.
Statistical reasoning based on the standard deviation is applied
to the acquired data (I). The purpose of this investigation is
therefore twofold: to describe satisfactory laboratory techniques
in colorimetric procedures as applied to aluminum and to evalu-
ate the precision and accuracy that might be expected in routine
analyses.

The usual procedure in the colorimetric determination of alu-
minum involves the formation of the red complex by the interac-
tion of the ammonium salt of aurin tricarboxylic acid (aluminon)
and the aluminum ion in a carefully buffered solution (S). In
the investigation of aluminum in plants, Winter, Thrun, and
Bird (IS) conclude that maximum color is obtained in the pres-
ence of 0% ammonium acetate when the solution is maintained
at a temperature of 80° C. for 10 minutes and pH 4 (approxi-
mately). In the presence of 25 ml. of both ammonium acetate
and ammonium chloride, they find that the dye changes color
ataboutpH 7. Roller (10) states that the red color which alumi-
num ion gives with aurin tricarboxylic acid is much more sensi-
tive if made at about pH 6.3 instead of in alkaline solutions as
recommended by Yoe and Hill (16). The latter authors, inves-
tigating the procedure under different experimental condltlons
cite five factors that affect the test for aluminum with aluminon;
time, temperature, volume, concentration, and the presence of
other ions. Lampitt, Sylvester, and Belham (5) suggest the use
of glycerol to stabilize the lake formed. Thrun (13) has investi-
gated the use of protective colloids in colorimetric determination
of certain metals as lakes of dyes and recommends the use of a gum
arabic solution to keep the aluminum lake of aurin tricarboxylic
acid in solution.

The colorimetric method presented here for the determination
of aluminum, calculated and represented as aluminum trioxide,
has been developed at this station to meet the special require-
ments in the rapid analysis of leach liquors in pilot-plant opera-
tions. The sample taken for analysis must be free from inter-
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Table I. Colorimeter Readings
(0.04 mg. of AliOs)
Reading
Test Tube No. 1 No. 2 Average
1 185 185 185
2 185 185 185
3 185 186 186
4 184 186 185
5° 101 166 164
la® 173 168 170
2aa 159 157 158
3a° 183 178 181
4a° 158 158 158
Saa 163 163 163
Ib 187 186 187
2b 183 186 185
3b 184 187 186
4h 184 187 186
5b 185 187 186

° Old test tubes; previous history unknown.

fering ions, which include ferric iron, beryllium, and chromium,
since these form a lake similar to that formed by aluminum. Cer-
tain variations may be introduced to eliminate these interfer-
ences. Chromium lake, for instance, in acetate solution is rap-
idly decomposed by the addition of ammonia and ammonium
carbonate (6). Several procedures may be followed for eliminat-
ing interfering iron (4, 9). Phosphate, if present in appreciable
quantities, prevents the formation of aluminum lakes.

ANALYTICAL PROCEDURE

Reagents. Composite Solution. Dissolve 154 grams of
ammonium acetate, 5 ml. of concentrated hydrochloric acid,
0.400 gram of ammonium salt of aurin tricarboxylic acid and I
gram of gum arabic in water, and dilute to 1000 ml. Dissolve
each reagent in a minimum quantity of distilled water, and add
the ingredients of the composite in the order named. The alu-
minon reagent, weighed out to the nearest milligram, dissolves
readily in cold water. To make accurate dilutions, the solution
of gum arabic must be cautiously added: otherwise persisting
foams will greatly alter the liquid level. The composite solution
deteriorates with age, especially when exposed to the light; it
therefore, must be protected from light when stored.

Standard Aluminum Solution. Dissolve 4.74 grams of alu-
mium chloride hexahydrate in 1000 ml. of water (I ml. = 1 mg.
of aluminum trioxide) and standardize gravimetrically (3).

Working Standard. Dilute 5 ml. of the standard to 500 ml.
(! ml. = 0.01 mg. of aluminum trioxide).

Procedure. Discharge analiquot of the previously diluted and
acidified leach liquor (10 ml. of hquor and approximately 15 ml.
of concentrated hydrochloric acid in 250 ml.), of an amount esti-
mated to contain 0.01 to 0.06 mg. of aluminum trioxide, into a
25-ml. caUbrated blood-sugar test tube by means of a pipet, add
distilled water to the 12.5-ml. mark, and thoroughly mix the con-
tents. Add 10 ml. of the composite solution by means of an au-
tomatic pipet and sufficient water to bring the meniscus to the
25-ml. mark. Mix the contents of the tube well and place in a
boiling water bath for precisely 10 minutes. Cool the tube and
contents in running tap water for 5 minutes, mix again, and
determine the color absorption with the Klett-Summerson photo-
electric colorimeter. A filter of range 500 to 570 millimicrons is
employed, since a spectrophotometric study of the color in ques-
tion shows a maximum absorption at 530 mu in the red complex.

Since absorption of the red color is not a linear function of the
aluminum trioxide concentration, a calibration curve must be
established. Quantities of the working standard, equivalent to
0.01. 0.02, 0.03, 0.04, 0.05, and 0.06 mg. of aluminum trioxide, are
discharged into blood-sugar test tubes, and the lakes are formed in
the usual manner.

Procedures for the gravimetric analysis of aluminum involve
the use of a modification of the quinolate method (2).

From the standpoint of accuracy, ease of manipulation, and
rapidity of technique, preliminary investigations indicated that
the method of dilution was entirely satisfactory. Calibration of
twenty blood-sugar test tubes resulted in an average precision
of 0.2% or 2 parts per 1000. No detectable difference in color-
imeter reading could be observed in comparing procedures involv-
ing pipets, burets, and 25-ml. blood-sugar test tubes.

In an investigation on the factors influencing color intensities,
certain anomalous results were obtained in establishing the
standardization curve (Table ). Even though these tubes were
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thoroughly cleaned with chromic acid cleaning solution, it is ap-
parent that only new tubes gave reproducible results. The pre-
vious history of the remainder of tubes was unknown. Table Il
shows the effects of chemically clean test tubes on the reproduci-
bility factor. Tubes in Series | of this table were cleaned with
chromic acid cleaning solution; tubes of Series Il were cleaned
by treating successively with chromic acid, water, ethyl alcohol,
benzene, and water; and tubes of Series |11 were treated with
hot chromic acid, water, and alkaline cleaning mixture (14) and
rinsed thoroughly with distilled water. Thus, to obtain repro-
ducibly accurate results the test tubes must be chemically clean.
In all subsequent colorimetric measurements, new tubes only are
used, and these are cleaned, using the procedure as established
for Series I11.

The length of time in the boiling water bath has a marked effect
on the color intensity, as shown in Figure 1. The technique of
heating at water-boiling temperatures is employed to increase
greatly the rate of color development, and since the color inten-
sity varies with the time, the tubes in all of these investigations
were heated precisely 10 minutes.

Table Il.  Cleaning Effects on Blood-Sugar Test Tubes
(0.04 mg. of AhO»)
Colorimeter Readings
Teat TubeO Series | Series |1 Series 111
11 203 196 190
12 192 188 188
13 169 173 185
14 172 178 187
15 175 180 185
lla 163 170 183
12a 187 186 182
13a 188 188 183
l4a 167 169 183
15a 169 170 183

Old test tubes; previous history unknown.

The effect of varying quantities of composite on the color in-
tensity is shown in Figure 2. Since the quantity of composite
added influences the color intensity, exactly 10 ml. of the alumi-
non reagent were added from an automatic pipet.

Since the temperature of the sample and reagents is a factor in
this method, a control of +5° C. of the solution temperature at
the time of standardization should be maintained. Several de-
grees above and below that at which the curve is established re-
sult in no serious error. High temperatures promote color de-
velopment, with attendant high aluminas, while lower tempera-
tures have the opposite effect.

In the preparation of the composite solution, quantitative and
qualitative techniques were applied to several sources of the re-

BOILING TIME (fnin.)

Figure 1. Effect of Heating Time on Color Intensity
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agent. To reproduce the values of previously established stand-
ardization curves fairly accurately, it became necessary to weigh
out the material on a quantitative basis. An Eastman product
appeared to give fairly consistent-values. Taylor-Austin {12),
recognizing the variations in the color produced by the method,
suggests a restandardization whenever a fresh supply of the solid
reagent is put into use. Scherrer and Smith {11) state that a
satisfactory reagent may be synthesized. However, in view of
these variabilities and the fact that the composite undergoes a
marked change on standing, even when protected from light, the
prime necessity of carrying along a standard in routine analysis
cannot be overemphasized. It is common practice in this labora-
tory to establish a new curve when it is observed that the reading
of the standard, when compared with the curve, is in error by an
amount greater than 4 or 5%. In the desired concentration
range, 0.04 mg. of alumina per 25 ml., this represents 6 or 7 scale
divisions. For close control work, especially if the curve has not
been determined recently, moderate success has been realized
by evaluating the scale divisions in the desired concentration
range in terms of milligrams of alumina; thus, by running a
standard in the concentration range of the unknown, one can
calculate the alumina from the colorimeter reading. Obviously,
since the milligrams per unit vary over different parts of the
curve as well as for different curves, no permanent values should
be assessed to each unit.

PRECISION AND ACCURACY

The precision and accuracy of the colorimetric method are con-
veniently studied by applying the techniques considered in the
foregoing paragraphs to the analysis of a leach solution. Anini-
tial investigation was concerned with a factor of reproducibility
of results. For this purpose two leach liquors, previously acidi-
fied and diluted (10 ml. in 250 ml.) were divided into five por-
tions each, and a 1-ml. aliquot (2 ml. in 250 ml.) of each sample
was taken for the measurement. The alumina content, recalcu-
lated by applying an appropriate factor for dilution (125), was
measured over a period of several weeks. Table 11, representing
ordinary and refined laboratory techniques, shows what might
be expected in the way of precision for 10 typically representative

Table Ill.  Analysis of Leach Liquor
Test No.
Mg./ml. d (da X 10«)
Precision of Method under Ordinary Conditions
1 5.11 -0.063 3969
2 5.23 +0.057 3249
3 5.19 +0.017 289
4 5.23 +0.057 3249
5 5.11 -0.063 3969
G 5.25 +0.077 5929
7 5.14 -0.033 1089
8 5.14 -0.033 1089
9 5.14 -0.033 1089
10 5.19 +0.017 289
Av. —X 5.173 2d* - 24210 X 10"8

\A:d - x0-°49 T O

X dtaa > 5.173 + 0.053 (Ps = 0.99, 10 observations)
Av. of gravimetric data = 5.114 mg. (Al20s) per ml.

Precision of Method under Best Conditions
+0.018 324

3]
N
[N

1
2 5.08 -0.012 144
3 5.11 +0.018 324
4 5.04 «0 052 2704
5 5.08 -0.012 144
6 5.08 -0.012 144
7 5.14 +0.048 2304
8 5.07 -0.022 484
9 5.09 -0.002 4
10 5.12 +0.028 784
X 5.092 2d* = 7369 X 10-«

- .
110 0.027 « trio

X a¥ ca 5.092 ==0.029 (ps = 0.99, 10 observations)
Av. of gravimetric data = 5.124 mg. (AlsOj) per ml.
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COMPOSITE (ml)

Figure 2. Effect of Varying Quantities of Composite on Color
Intensity
values. The method of evaluating the factor of precision is that

derived from consideration of results set up by A.S.T.M. (). As
shown in the table, the numerical results are based on the fact
that 99 in 100 limits are used and that these results are based
completely on the evidence contained in 10 determinations. The
accuracy of the method is determined by making a comparison
with gravimetric results; gravimetric data for 10 different leach
liquors are given in Table IV.

Table 1IV. Analysis of Leach Liquors
Accuracy of method under ordinary conditions
Test No. Gravimetrio Colorimetric pH Error
Mg./ml. Mg./m 1. %
1 4.113 4.23 6.0 <3
2 3.408 3.43 6.0 |
3 3.640 3.70 6.0 2
4 3.589 3.63 6.0 >t
5 3.637 3.65 6.0 <1
C 3.926 3.93 S
7 3.831 3.97 [20) 3
8 3.855 3.82 6.0 |
9 3.732 3.62 6.0 3
10 3.977 3.97 0
DISCUSSION

The expression, P, = 0.99 (statistical probability), cited in
Table 111 implies that a value for a was chosen such that, in 99
chances out of 100, one might expect the ranges bounded by
the computed limits to include, of the universe sampled, the
objective average, X'.

Irom the data in Table I11, it is apparent that the colorimetric
method should give an average precision, measured by the aver-
age deviation of the single results from the mean, of approxi-
mately 1%, or 10 parts per 1000. On the basis of the gravimetric
value, this represents an accuracy of 1.1%, or 11 parts per 1000.
The precision and accuracy are increased by employing refined
techniques. In this case special attention was given to tempera-
ture control, accurate aliquoting and pipetting, and precise
establishment of the standardization curve. However, to attain
this precision and accuracy, speed was materially sacrificed. In.
this case, the average precision becomes 0.6% or 6 parts per 1000.
When compared with the gravimetric value, this represents an
accuracy of 0.6% or 6 parts per 1000.
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The accuracy of the colorimetric method is best judged from
the data in Table IV. It is apparent that the accuracy of the
method is of the order of 1to 3%; however, in routine work an
occasional 4% error has been observed. In view of the fact that
the accuracy isinextricably tied in with the standardization curve,
the importance of precise establishment of the calibration curve
cannot be overemphasized. If the curve were recently estab-
lished, then the accuracy and precision become nearly identical
if put on the basis of a single analysis. This necessarily follows,
since the method involves an empirical comparison against a cali-
bration curve. It is obvious that a higher degree of accuracy
will be obtained if, in the preparation of the solution for the color-
imetric determination, the concentration of the unknown is ap-
proximately adjusted so as to fall in the range above 0.04 mg. per
25 ml.

A further consideration of Table IV reveals the fact that the
leach liquors, having been previously acidified with approxi-
mately 15 ml. of concentrated hydrochloric acid, when aliquoted
to the correct concentration in the presence of excess ammonium
acetate, yield a reproducible pH (6.0).

Undoubtedly, colorimetric procedures may be applied for the
determination of any element in any given amount by taking
suitable aliquot portions for the measurement of the final color;
however, applying such a procedure the degree of accuracy will
fall markedly as the amount of sample, represented by the ali-
quots, becomes smaller and smaller. Application of the colori-
metric process as a method of analytical control must be decided
in terms of the effective range of accuracy by the individual
analyst after carefully considering the problem at hand.
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Flow Characteristics of Dispersions of Cotton and
Regenerated Cellulose Rayon Fabrics in Cuprammonium

Their Significance in Fluidity Calculations

VIOLA C.JELINEKZY Bureau of Human Nutrition and Home Economics, U. S. Department of Agriculture, Washington, D. C.

Flow-pressure and fluidity-velocity gradient graphs were used to
determine the flow properties of cuprammonium dispersions of cellu-
lose fabrics and to evaluate the method of calculating the fluidity
values. The limits of application of the kinetic energy and velocity
gradient adjustments were determined for cellulose-cuprammonium
dispersions, under experimental conditions very similar to those
recommended by the American Society for Testing Materials.
The viscometer and buret consistometer were compared in the
fluidity technique.

HE fluidity determination of cellulose dispersed in cupram-

monium reagent is an important technique used in the
study of cotton and regenerated cellulose rayon fabrics. It is a
sensitive method for measuring the extent of degradation of
cellulose. Alinear relationship between fluidity values and serv-
ice {11, 12) has been demonstrated in serviceability studies of
cotton and rayon fabrics which have been subjected to wear and
laundering. Raw cotton fibers dispersed in the cuprammonium
solvent exhibit a lower fluidity than deteriorated cellulose.

The purpose of this study was to investigate the flow charac-
teristics of cuprammonium dispersions of cotton and regener-
ated cellulose rayon fabrics over a wide range of fluidity values.
The flow properties of cellulose-cuprammonium dispersions here-
tofore have been studied only in limited scope. It isimportant to

1Present address, Research Laboratories, Merck « Co., Inc., Rahway,
N. J.

know which cellulose-cuprammonium dispersions are true viscous
liquids and which exhibit anomalous flow properties. This in-
formation is fundamental in calculating the fluidities of these
liquids.

The flow characteristics of the cellulose-cuprammonium dis-
persions were determined by means of flow-pressure and fluidity-
velocity gradient graphs. As a result of the study of the flow
properties of these dispersions, the limits of application of the
kinetic energy and velocity gradient adjustments were deter-
mined. A comparison was made of the fluidity values obtained
with the viscometer and the buret consistometer, and the ap-
propriate instrument for the cellulose-cuprammonium fluidity
determination was found to be dependent on the flow character-
istics of the dispersion.

VISCOMETERS AND METHODS OF CALCULATION OF FLUIDITY VALUE

Two types of capillary tube viscometers are ordinarily used in
the fluidity determination of cellulose-cuprammonium disper-
sions. Figure 1, A, shows the type of viscometer which delivers
one or two volumes of liquid, and Is recommended by the National
Bureau of Standards {10), the American Society for Testing
Materials (1), and the British Fabrics Research Committee (7).
B is essentially the buret consistometer of llerschel and Bulkloy
{8) with attachments described by Conrad {6) and permits the
discharge of a number of quantities in one determination. The
buret consistometer is used in the Bureaus of Human Nutrition
and Home Economics {IS) and Agricultural and Industrial Chem-
istry (6), U. S. Department of Agriculture.
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Figure 1

Left. Single-Volume Viscometer, A

Capillary Tube Viscometer;j

Glass capillary
Metal hooks for rubber bands
Metal collar

Body of viscometer, 10 * 0.25 mm. inside A.
diameter B.
Capillary discharge tube, 0.88 0.02 mm. nside diameter, 25
inside diameter, 25 * 0.5 mm. length C.
Steel plunger D. Rubber stopper
Rubber stopger E. Rubber tube
Flanged rubber tube F. Screw clamf)s
Clips l(_:| Glass capillary
1.

stopper

In the generally accepted procedure of the American Society
for Testing Materials (1) and the British Fabrics Research Com-
mittee (7) for determining the fluidity of 0.5% solutions of cotton
fabrics and 2% solutions of regenerated rayon fabrics in cupram-
monium, the same method of calculating the fluidity values
has been used for all the dispersions regardless of the true viscous
or anomalous character of the liquids. These organizations and
several investigators.(4, 5,10) use the following formula:

or Fc-

~ X

<_|) O]

_ Fcis the fluidity in rhes corrected for kinetic energy, Cis the
instrument constant obtained by calibration (1) with mineral

mis of known viscosity, C' = in which d is the density of the

cupnunmonium solvent in grams per milliliter, t is the time of
flow in seconds, and K is the kinetic energy correction constant
obtained by calibration (1, 5). It is convenient to consider d
constant since the density of cuprammonium suspensions do not
differ essentially from the density of the cuprammonium solvent.
Formula | isa convenient way of expressing the reciprocal of the
well-known Poiseuille equation. C in Equation 1 is equal to

8Ly in the Poiseuille equation, and K equals %\QC The Poi-

seuille equation and Equation 1are applicable only to the stream-
line flow of true viscous liquids.

Since many cellulose-cuprammonium dispersions are not true
viscous liquids, and the Poiseuille equation is not strictly appU-

Right. Buret Consistometer, B

Body of consistometer, 10 mm. inside diameter
Capillary discharge tube, 0.96 u,

Steel plunger enclosed in a spring
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cable and gives so-called “apparent
fluidities”, Downey and Elmquist
(IS) adapted the following equation
to the calculation of the fluidities of
dispersions of cellulose fabrics in
e.uprammonium;

0 c(pep) @

FOin rhea is Bingham’s (S) mobility
value whichisnotcorrected for kinetic
energy, q is the rate of flow in milli-
liters per second, C is the instrument
constant obtained by calibration with
mineral oils of known viscosity, P is
the hydrostatic pressure in grams per

Approx. square centimeter, and p is the yield
210 mm. value. The yield value is the mini-
Approx. mum pressure required to establish

260 mm the flow of a plastic material, and is

: graphically determined as the inter-

Approx. cept of the grajph prolonged on the

390 mm axis of the abscissa when the hydro-

static pressure is plotted as abscissa
and the rate of flow, g, as ordinate
(Figure 2). When the dispersion is
a true viscous liquid the yield value,
p, is 0, and Equation 2 becomes

FO - ng , Which in terms of the Poi-

_ N 11V

seuille equation is FO = itgr'hdl for
_igrr o _ =V

C = 8L ,P =hd,andq = |

Equation 2 is suitable for calculat-
ing the mobility of plastic materials.
It would be satisfactory for calculating
the fluidity values of cellulose-cupram-
monium dispersions if they were plas-
tic liquids having real yield values
and flowing at such a slow rate that
the kinetic energy correction is not
necessary.

The most recent contribution to
the calculation of the fluidity of cellu-
lose-cuprammonium dispersions was
made by Conrad (6), who adjusted the fluidity observed at differ-
ent mean velocity gradients to a standard or reference velocity
gradient.

0.02 mm.
0.5 mm. length

Metal hooks for rubber bands
Mark etched for placement of lower edge of

When a liquid flows through a capillary tube, the central part
of the column of liquid flows most rapidly while the liquid in con-
tact with the capillary wall is nearly stationary, and the layers of
the liquid column slip past each other between those two limits.
The velocity gradient is the rate of change in the velocity of the
adjacent layers of the liquid per unit of distance measured at
right angles to the direction of the velocity. In the capillary flow
method the viscosity or fluidity of a true liquid is independent of
the velocity gradient, but the fluidity of an anomalous liquid de-
pends on the velocity gradient and has an indefinite number of
values at different points in the cross section of the capillary tube.

Conrad (fi) calculated the mean velocity gradient in capillary
tubes by the equation:

G ©)

which was derived by Kroepelin (3) in 1929. G is the mean ve-
locity gradient in centimeters per second per centimeter and V
is the volume in milliliters of the solution discharged in t seconds
through a capillary of radius r centimeters. Conrad recognized
that G, calculated from Equation 3, is an approximation rather
than a true value for anomalous dispersions of cellulose in cupram-
monium solvent.

The velocity gradient adjustment was shown by Conrad (6)
to eliminate the variation of the fluidity values of highly anoma-



INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 3

lous cellulose-cuprammonium dispersions determined at different
average pressures in the buret consistometer. He also pointed
out that the velocity gradient adjustment overcomes differences
in fluidity values between instruments in the cellulose-cupram-
monium fluidity determination. However, he studied dispersions
in the very limited fluidity range of approximately 2 to 3 rhes.
The scope of the anomalous behavior of cellulose-cuprammonium
dispersions has not been determined heretofore.

EXPERIMENTAL PROCEDURE

The buret consistometer with dimensions and parts as illus-
trated in Figure 1, B, was used in the fluidity determinations.
The consistometers were calibrated accordin? to the method of
Herschel and Bulkley (8) with mineral oils of [aiown viscosity ob-
tained from the National Bureau of Standards. The value of m,
the coefficient of kinetic energy correction for which the constant
value 1.12 is ordinarily assumed, was calculated for each of thirty
consistometers (8) and was found to vary from 1.04 to 1.32.
The inside capillary
diameters of thirty
instruments were cal-
culated according to
Herscheland Bulgley
(8) and were found to
vary between the
limits of 0.0942 to
0.0985 cm. Con-
stants C' and K in
Equation 1 were cal-
culated according to
the directions of the
American Society for
TestingMaterials (1)
and Clibbens and

Little (<)) The hy- Liquid
drostatic pressure, P, Compl

in the flow-pressure Liquid
graphs, was calcu-

lated by the equation | , PRESSURE

P =hd. Theaverage
head, h, was obtained

] v Figure 2.  Flow-Pressure Graphs of Simple,
with Meissner’s for-

Complex, and Plastic Liquids

A - Cuprommonium solvent
8 -Mineral Qil D .
C-Viscose 164
D-Viscose 161 ..
E-Viscose 157
E
G
H

Fo0*39.8
Fo* 36.4
.. Fo*24.9
. Fo*23.5
. Fo*19.2
Fo* 13 9

- Viscose 84

- Mineral Oil H ...
- Viscose 25

. Fo*12.8
Fo* 10 8
Viscose 21 .— Fo* 8.45
- Cuprammonium royon 17 Fo*7.82

- Cuprammonium -royon 14 Fo*6.54
- Cuprammonium rayon Il F0"5.66
-Mineral Oil J ............ Fo* 4,65

8 U & ™ 18 18 U cc  ¢H (8 (8 AU

HYOROSTATIC PRESSURE. GRAMS PER SO. CM.

Figure 3.

mula, h = —--, and was corrected for surface tension (S).

The density of the cuprammonium solvent, d, has a value of 0.94

1, 7).

( Tr?e cuprammonium solution contained 15 == 0.1 grams of
copper, 200 =5 grams of ammonia, and less than 0.5 gram of
nitrites per liter, which are the specifications of the British Fab-
rics Research Committee (7) and the more accurate limits stated
by the American Society for Testing Materials (1). The solu-
tion was prepared, stored, and delivered with equipment similar
to that designed by Mease (10).

The concentrations of the cellulose-cuprammonium dispersions
were 0.5 and 2.0% by volume for the cotton and regenerated
cellulose rayon fabrics, respectively. Forty-two cuprammonium
rayon, 165 viscose rayon, and 773 cotton samples at various
stages of degradation were used to investigate the flow character-
istics of cellulose-cuprammonium dispersions. These samples
had been subjected to ordinary household wear and laundering
without drastic chemical treatment.

The procedure employed for determining the fluidity of the
cellulose-cuprammonium dispersions was essentially the same as
that described by the American Society for Testing Materials
(1), except the rate of flow of the dispersions from the buret
consistometer was obtained with a “split second” stop watch
in two ways in the same determination: as a series of ob-
servations corresponding to the successive 5-ml. quantities, and
as the rate of flow of a single 20-ml. discharge. The 20-ml. volume
rather than the 25-ml. quantity was used because it more nearly
corresponds to the volume between calibration marks 1 and 2 of
the viscometer (Figure 1, A). The temperature during condition-
ingand timing was controlled at 20° £ 0.1° C.

One fluidity determination with a buret consistometer furnishes
sufficient data for a flow-pressure graph. The single-volume vis-
cometer does not provide data for such a graph unless determina-
tions are repeated at different pressures, which would require
additional apparatus.

STUDY OF FLUIDITY DATA

Flow-Pressurb Relationships op Regenerated Cellulose

Flow-pressure graphs, in

Raton Fabrics in Cuprammonium.

i |
A-Cuprammonium solvent Fc*73 0
8 - Mineral Oil D .. .. Fc*48 0 ~

C-Viscose 164 Fc*31 O
D-Viscose 16l . Fc*27 8
E- Viscose 157. Fc*21.4
F-Viscose 84 . Fc*l4 8
G-Minerol Oil H ... Fc* 13.3
H* Viscose 25 ... Fc* 11 3
I-Viscose 21.... ~Fc*8.62 —

J *Cuprammonium rayon 17 Fce+7 98
K - Cuprammonium rayon 14 Fc m6 63 -
L *Cuprammonium rayon Il  Fc*5.71

M-Minero! Oil J .o Fc*4.697"

8 10 12 14 16 18 20 22 24 26
HYDROSTATIC PRESSURE. GRAMS PER SO. CM.

Flow-Pressure Graphs of Simple Liquids

A (left), observed flow valves. B (right)/ flow valves corrected for kinetic energy.
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from 0.094 to 0.098 cm

which the average hydrostatic pressure, P, is plotted as abscissa
and the rate of flow, g, as ordinate, indicate the floiv properties
of a liquid. It is well known that the flow-pressure graph of a
simple liquid, also called a Newtonian or true viscous liquid, is a
straight line passing through the origin—for example, | in Fig-
ure 2. The American Society for Testing Materials (S) defines
a simple liquid as one in which the rate of shear is pro-
portional to the rate of stress, and a complex liquid as one in
which the rate of shear is not proportional to the shearing stress.
The flow-pressure graph of a complex liquid, Il in Figure 2, passes
through the origin but is not linear. Complex liquids have also
been called pseudoplastic (14). A complex liquid does not have
areal yield value; the apparent yield value, / in Figure 2, is ob-
tained by disregarding the lower curved part of the graph. Il
in Figure 2 is the flow-pressure graph of a plastic material, a
straight line which does not pass through the origin. A'plastic
material has a real yield value, p in Figure 2, which is the mini-
mum pressure required to establish flow.

In Figure 3 the flow-pressure graphs of cuprammonium dis-
persions of cuprammonium and viscose rayon are compared
with those of known simple liquids—that is, mineral oils J, H,
and D, and cuprammonium solvent. Each fluidity value given
for a cellulose dispersion is the average of the 4 values obtained
in a single discharge with the buret consistometer. The rates of
flow in Figure 3, A, are uncorrected; those in Figure 3, B, are
corrected for kinetic energy.

In the uncorrected flow-pressure graphs, the liquids -with a slow
rate of flow—for example, mineral oil J and cuprammonium
rayon samples 11, 14, and 17—are represented by linear graphs.
For these liquids the kinetic energy correction is relatively unim-
portant. As the rate of flow increases and the kinetic energy
correction becomes more important, the uncorrected curves be-
come increasingly concave to the pressure axis. When the data
were corrected for kinetic energy, the curvature of the flow-
Bressure graphs was removed, and all the graphs in Figure 3, B,

ecame linear, passing through the origin.

Forty-two cuprammonium rayon samples ranging in corrected
fluidity value, Fc, from 4.52 to 8.26 rhes were found to forru the
typical flo-w-pressure graphs of simple liquids. The characteristic
flow-pressure graphs of three representative cuprammonium
rayon dispersions are included in Figure 3.

The flow-pressure graphs of 165 viscose rayon dispersions rang-
ing in Fcvalues from 7.51 to 32.9 rhes were those of simple liquids.
As the fluidity of the six representative viscose dispersions in
Figure 3 increases, the curvature of the uncorrected graphs be-
comes more evident.

Kinetic Energy Correction. The importance of the Kki-
netic energy correction is apparentin the comparison of the graphs
in Figure 3. In a fluidity determination the Kkinetic energy
correction varies continuously as the dispersion flows from the

Magnitude of Kinetic Energy Correction
In calculation of fluidity of cellulose fabrics d|spersed In cugrammonlum using capillaries with inside diameters of
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tube, and decreases as the flow be-
comes slower. The effect of the Kinetic
energy correction on the fluidity calcu-
lations when the buret consistometer
is used is shown in Table I with rep-
resentative data for the simple rayon
dispersions. The uncorrected fluidity
values, Fo, of the dispersions of higher
fluidity, viscose 64, 156, and 164, in-
crease in value as the rate of flow de-
creases in the discharge from the con-
sistometer. When corrected for kinetic
energy, the corresponding values, Fg
in Table | become constant within
experimental error.

The magnitude of the kinetic energy
correction was calculated over the en-
tire range of fluidities of cellulose fabric
dispersions using capillary discharge
tubes with inside diameters varying
from 0.094 to 0.098 cm., a specification
nearly the same as 0.088 == 0.002
cm. inside diameter recommended by the American Society
for Testing Materials (1). In Figure 4 the average of the un-
corrected fluidity values of representative cuprammonium rayon,
viscose rayon, and cotton samples obtained with the consistom-
eter is plotted as ordinate and the average kinetic energy correc-
tion as abscissa. This graph shows that the uncorrected fluidity
values below 7 rhes have a kinetic energy correction of not more
than 0.1 rhe, a negligible error of approximately 1% or less. Thus,

for fluidities less than 7 rhes the equation, FO = C—(Equation4),

in which Fois not corrected for kinetic energy, may be used.

In the range of uncorrected fluidities from 8 to 13 rhes, the
magnitude of the kinetic energy correction varies from approxi-
mately 2 to 5%, and whether Equation 1 or 4 is used for the cal-
culation depends on the accuracy required. For uncorrected
fluidity values of more than 13 rhes, the kinetic energy correc-
tion becomes greater than 5%, increasing markedly as the fluidity
increases, and Equation 1 is sditable. Clibbens and Geake 4)
recognlzed that the kinetic energy correction is important in
cellulose-cuprammonium fluidity calculations and stated that it
may amount to 20 to 30% in the case of highly modified cellulose
samples.

Flow-Pressuhe Relationship of Cotton Fabrics Dis-

persed in Cuprammonium. The series of flow-pressure graphs
of the dispersions of cotton fabrics in cuprammonium which are
plotted in Figure 5 are representative of the graphs of the 773

Table I. Observed Fluidity Values, Fluidity Values Corrected for
Kinetic Energy, and Kinetic Energy Correction for Four Rayon Fabrics
Fluidit
Corrected” for Kinetic
Consistometer Observed Kinetic Energy
Sample Ring Interval  Fluidity* Energy!» Correction
TN Rhes Rhes Rhes
Cuprammonium 0-5 4.93 4.97 0.04
rayon 6 5-10 4.90 4.94 0.04
10-15 4.94 4.97 0.03
15-20 4.98 5.00 0.02
Viscose 0—5 12.02 12.69 0.67
rayon 64 5-10 12.10 12.74 0.58
10-15 12.26 12.71 0.45
15-20 12.38 12.71 0.33
Viscose 0- 5 16.05 17.69 1.64
rayon 156 5-10 16.39 17.92 1.53
10-15 16.71 17.94 1.23
15-20 10.82 17.71 0.89
Viscose 0-5 22.90 30.14 7.18
rayon 164 5-10 24.72 31.64 6.92
10-15 25.60 31.35 5.75
15-20 26.47 31.05 4.58

° Observed fluidity values calculated by equation, Fo » —
&Fluidity values corrected for kinetic energy calculated by equation,
Fo- c



176 INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 3

Figure 5.

A uncoir»ct«d How v»lu«i.

cotton dispersions studied. Each fluidity value is the average of
the 4 values obtained in a single discharge with the buret con-
sistometer.

The curvature of the uncorrected flow-pressure graphs of the
more rapidly flowing dispersions of cottons 161, 167, and 177
is concave to the pressure axis (Figure 5, A). When the rate of
flow is corrected for kinetic energ?]/ the graphs for these cottons
become linear and pass through the orlgm Figure 5, B). Thus,
the cuprammonium dispersions of cottons 161, 167, and. 177 are
those of simple liquids, the Poiseuille equation is applicable, and
the fluidity values should not be described as “apparent”.

The uncorrected curves in Figure 5, A, of the cotton disper-
sions of lower fluidity, cottons 54 to 158 are convex to the pres-
sure axis, the curvature decreasing with increase in fluidity.
This convex curvature is not removed by applying the Kinetic
energy correction (Figure 5, B). The graphs of these dispersions
of cottons varying in Fc values from 2.72 to
15.5 rhes are those of complex or pseudoplastic
liquids (Figure 2). They do not form the curves
of plastic materials; and the terms "plastic-
ity or “plastic behavior” should not be used
to describe the flow properties of these 0.5%
cuprammonium dispersions of cotton fabrics.

When the Kinetic energy and the velocity
gradient adjustments are both applied to the \
rate of flow of the complex cotton-cuprammo-
nium dispersion 54 to 158, the convex curvature
is removed and the flow-pressure graphs all be-
come linear and pass through the origin (Figure
5, C). The velocity gradient adjustment does
not influence the flow-pressure graphs of the
dispersions of cotton 161, 167, and 177 (Figure
5, C) since they are simple liquids.

Velocity Gradient Adjustment. The ef-
fect of the velocity gradient adjustment, on the

fluidity values of dispersions of cellulose fabrics i

is shown with some representative examples in
Table Il. The Fcvalues were calculated with

B (c«nt«r), Row valuer corrected (or kinetic energy.

Figure 6.

Flow-Pressure Graphs of Cotton Fabrics Dispersed in Cuprammonium

C (right), flow veluei adluited (or kinetic energy end velocity gradient

Equation 1, and the G values, mean velocity gradients, with

Equation 3. The F values are the fluidities adjusted both for
kinetic energy and velocity gradient.

The average F value may be read directly from a fluidity-
velocity gradient graph (explained below, see Figure 8) by inter-
polation or extrapolation where the sloping line crosses the ver-
tical standard velocity gradient line. However, if the F values
corresponding to the successive 5-ml. volumes delivered by the
buret consistometer are required, as in Table Il, they are calcu-
lated from Equation 5:

log F —log Fc —regression coefficient X (log G —log G)  (5)

This is the well-known equation of a straight line, y —yi =
m(x —ii), where m is the slope of the line which passes through

K * Veloc 1y G adien Adj j*tmert for Cottjn Di perilam
when a Standard velocity Gradient of 500 ie weed. "
\ when a Standan VeloCity Srodient ol s0c It Itd.

v °

oc

-1.0 -8 -.6 -4 -2 0 +2 +4 *6 *8 +1.0 *1.2 +1.4 +16 +1.8 +2,0
VELOCITY GRADIENT CORRECTIONS, RHES

Comparison of Magnitude of Velocity Gradient Adjustment
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point X\, yi. The regression coefficient, the
slope of the line, is obtained graphically. G is
the mean velocity gradient calculated with
Equation 3 and G is the standard velocity
gradient.

Table Il, A and B, shows that Fcvalues ob-
tained with a buret consistometer for the com-
plex cotton dispersions 54, 111, 138, and 158
decrease with a decrease in mean velocity gradi-
ent as the liquid flows out of the consistometer
and the pressure head becomes smaller. If the
Fcvalues are calculated to a standard or refer-
ence velocity gradient, the values are corrected
for the variation caused by the change in the
velocity gradient. When the fluidity of the
complex cotton-cuprammonium dispersions are
calculated to the standard velocity gradient of

1500, corrected fluidity values, /'iwo, become
constantwithin experimental error (Table I1, C).

The standard velocity gradient is entirel§
arbitrary and it would appear from Figure
that almost any intermediate velocity gradi-
ent could be ‘selected. Conrad (6) recom-
mended the use of a standard velocity gradi-
ent of 500 cm. per second per cm., “since a
large part of the data recorded in the literature
has been obtained probabl)é at velocity gradi-
ents between 100 and 1000 cm. per second
per cm., a convenient value might be inter-
mediate, say at 500 cm. Per second per cm.”.
Under the conditions of this study, which
are recommended by the American Society
for Testing Materials (1), the maximum aver-
age veloci(tjy gradient is approximately 3000 cm.
per second per cm. for complex 0.5% cotton-
cuprammonium dispersions with Fc values
less than 17 rhes (Figure 8). Thus a com-
mon velocity gradient of 1500 is suggested,
since it is intermediate for these complex
dispersions.

When the average Fc values of Figure 8
are plotted against the velocity gradient ad-
justment, Figure 6, a standard velocity gra- t
dient of 1500 gives an adjustment curve
which nearly approaches zero tangentially
as the Fc values increase to those charac-
teristic of simple liquids. At some velocity gradient slightly
above 1500, a curve corresponding to that in Figure 6 would more
nearly approach zero. If astandard velocity gradient of 500 had
been used, an anomalous dispersion with a Fc value of approxi-
mately 4 rhes would have a zero velocity gradient adjustment

Table II.

Type of
Dispersion

Complex cot-
ton-cupram-
monium
dispersions

Simple cellu-
lose-cupram-
monium
dispersions

A Viscos* 164 L Viscos* 18
B Viscos* 161 M Viscos* 15

C Viscos* 157 N Viscos* 10

0 Viscos* 156 O Cuprammonium Rayén 17
E Viscos* 153 P Viscos* |

F Viscos* 84 Q Cuprommonium Royon 14
G Viscos* 75 R Cuprommonium Rayon il
H  Mineral Oil H S Cuprommonium Royon 10
I Viscos* i T Cuprommonium Royon 6
) Viscos* 25 U Minero! 0il J

K Viscos* 21 V  Cuprommonium Rayon |
1111 i L

300 400 500 600 OT 800 900 1000 1500 20 W 2500 5000 4000

VELOCITY GRADIENT, CM.SEC/CM.

Figure 7. Fluidity-Velocity Gradient of Viscose and Cuprammo-

nium Rayon Fabrics Dispersed in Cuprammonium
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Compariion of Fluidity Values Corrected for Kinetic Energy (Fc) with Fluidity
Values Adjusted for Both Kinetic Energy and Velocity Gradient Using the Standard

Velocity Gradient of 1500 (F 1e00)

. Single-Volume Viscometer
Buret Consistometer Values from Values, Varying Placement of
Consecutive 5-M1. Volumes Lower Mark

Consis-
tometer Mean Mean E F
_ ring velocity B C Vol- velocity
Sample interval gradient Fc Finn  ume gradient Fc Futs
Cm./ Cm./
ML 8cc./cm.  Rhes Rhes ML sec/em. Rhes  Rhes
Cotton 0-5 566 3.20 440 0-5 566 3.20 4,50
54 5-10 427 2.94 451 0-10 487 3.05 4.52
10-15 288 2.55 4.47 0-15 396 2.82 4.49
15-20 179 2.20 4.53 0-20 304 2.56  4.47
Av. 2.72  4.49 Av 291 450
Cotton 0-5 1015 5.84 6.44 0-5 1015 5.84  6.49
111 5-10 800 5.48 6.41 0-10 895 5.63  6.47
10-15 575 5.05 6.42 0-15 755 5.38 6.47
15-20 384 461 6.48 0-20 608 5.07  6.47
Av 524  6.44 Av. 548  6.48
Cotton 0-5 1435 8.41 8.46 0-5 1435 8.41  8.46
138 5-10 1169 8.20 8.47 0-10 1288 8.29  8.48
10-15 876 7.91 8.48 0-15 1114 8.12  8.49
15-20 601 7.48 8.42 0-20 918 7.88  8.48
Av 8.00 8.46 Av 8.18 8.48
Cotton 0-5 2548 15.89 15.36 0-5 2548 15.89 15.27
158 5-10 2139 15.61 15.26 0-10 2326 15.74 15.23
10-15 1655 15.45 15.35 0-15 2049 15.62 15.26
15-20 1203 15.12 15.33 0-20 1742 15.43 15.26
Av. 1552 15.32 Av. 1566 15.26
Cupram- 0-5 859 497 497 0-5 859 497 497
monium 5-10 711 494 494 0-10 778 495 495
rayon 10-15 553 497 497 0-15 685 496 4.96
6 15-20 396 5.00 5.00 0-20 579 498 4.98
Av. 497 497 Av. 496 4.96
Viscose 0-5 » 1907 11.34 11.34 0-5 1907 11.34 11.34
rayon 5-10 1615 11.27 11.27 0-10 1749 11.28 11.28
25 10-15 1271 11.28 11.28 0-15 1554 11.31 1131
15-20 917 11.13 11.13 0-20 1324 11.23 11.23
Av. 11.26 11.26 Av. 11.29 11.29
0-5 3680 25.38 25.38 0-5 3680 25.43 25.43
Cotton 5-10 3123 25.30 25.30 0-10 3379 25.31 25.31
177 10-15 2545 26.08 26.08 0-15 3046 25.63 25.63
15-20 1840 25.02 25.02 0-20 2617 25.41 25.41
Av. 25.44 25.44 Av. 25.44 25.44

(Figure 6) which is characteristic only of simple dispersions.
Thus, in this study, the standard velocity gradient of 1500 was
preferred.

According to Figure 6 the velocity gradient correction to a
common velocity gradient of 1500 is not necessary if F, is greater
than 10 rhes.

The fluidity values of the complex cotton fabric dispersions
obtained from the two types of capillary instruments are not
the same unless the velocity gradient adjustment is applied
(Table 11, B and E). Using the consistometer as a single-volume
viscometer, the Fc values of the complex cotton dispersions 54,
111, 138, and 158 vary with the position of the lower mark,
decreasing as the viscometer volume increases (Table II, E).
However, when the velocity gradient adjustment is applied, the
fluidity values become constant, regardless of where the mark is
placed in the single-volume viscometer (Table I1, F).

Also, until the velocity gradient adjustment is applied, the
average of the four values obtained with the buret consistometer
from the discharge of 20 ml. of Ii(1uid is not equal to the fluidity
value calculated from the rate of flow of a single 20-ml. quantity
discharged from the same instrument when used as a viscometer
(Table 11).

Since the velocity gradient adjustment is readily obtained
with the buret consistometer in one discharge, the buret type
of capillary instrument has an advantage over the single-volume
viscometer type for the determination of the fluidity of complex
i:(())tton-cuprammonium dispersions with Fe values less than

rhes.

In the fluidity calculations of the eellulose-cuprammonium dis-
persions which are simple liquids—for example, cuprammonium
rayon 0, viscose 25, and cotton 177 in Tabic Il—the fluidity
values are constant with the application of the Kinetic energy
correction; and the fluidity is not influenced by the velocity
gradient.

The fluidity values for the simple eellulose-cuprammonium
dispersions obtained with the two kinds of instruments are the
same for any viscometer volume or part of the buret con-
sistometer. Thus either the buret consistometer or the vis-
cometer may be used for these simple dispersions.
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FturoiTY-velocity Gradient Relationships. Fluidity-ve-
locity gradient graphs as.well as flow-pressure graphs indicate the
simple or complex character of a liquid. The former are plotted
on log-log paper with the mean velocity gradient, computed with
Equation 3, as abscissa and the corresponding Fcvalue obtained
with the buret consistometer as ordinate.

The fluidity-velocity gradient graph of a simple liquid, such as
mineral oils J and Il in Figure 7, is a horizontal straight line be-
cause the fluidity of a simple liquid is independent of the velocity
gradient. The fluidity-velocity gradient graphs of Figure 7 show
that 2% cuprammonium rayon dispersions ranging from Fcvalues
of 4.52 to 7.98 rhes are simple liquids. Likewise, 2% viscose dis-
persions with I\ values from 7.51 to 31.0 are all simple liquids.
Thus the same information concerning the flow properties of the
regenerated rayon-cuprammonium dispersions is obtained from
both the flow-pressure (Figure 3) and the fluidity-velocity gradi-
ent graphs.

300 400 S00 600 7008» 000BXO 1500 7000 2500 3000 4000
VELOCITY GRADIENT, CM./SEC./CM.
Figure 8. Fluidity-Velocity Gradient of Cotton Fabrics Dispersed
in Cuprammonium

The fluidity-velocity gradient graphs of the complex cupram-
monium dispersions of cottons 54 to 160 in Figure 8 are linear and
sloping. The velocity gradient values of complex cotton-cupram-
monium dispersions increase as their fluidities increase. In pro-
ceeding from the graphs of cotton 54 to 160, the slopes decrease
and approach zero, and the dispersions become less complex.
The fluidity-velocity gradient graphs of cottons 161, 167, and 177
are linear and horizontal, those of simple liquids, which is in agree-
ment with the information obtained from the flow-pressure
graphs of Figure 5.

It is apparent from Figure 8 that under the experimental con-
ditions the cotton-cuprammonium dispersions with fluidities of
approximately 17 rhes are borderline between simple and com-
plex liquids. The fluidity-velocity gradient graphs of 61 cotton
dispersions varying in Fc from 16 to rhes were examined in
order to determine the limits of the borderline values. The
graphs of 12 dispersions varying in Fcvalues from 16.0 to 17.1
rhes were definitely sloping. Twenty-nine graphs of dispersions
with Fc values between 17.2 and 18.7 rhes were variable: of
these, nine graphs sloped, five were horizontal, and 15 could have
been considered either horizontal or slightly sloping. Twenty
graphs with F,, values from 18.9 to 21.0 rhes were unquestionabl
horizontal. Thus 0.5% cotton-cuprammonium dispersions wit
Fcvalues less than 17 rlics are complex liquids, and those with F,
values greater than 19 rhes are simple liquids. The cases where
the Fevalues are between 17.0 and 18.9 rhes are borderline.

These observations on the range of complex flow of 0.5% cot-
ton-cuprammonium dispersions agree with tests by Clibbens and
Little (5) of the deviations of cotton cuprammonium dispersions
from the Poiseuille law by means of a time ratio, fi/f2 In this
ratio h is the time in seconds for the first volume of liquid to flow
from a two-volum,e viscometer, and f, the time for the second
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quantity. The U/ti ratio for a true viscous liquid was equal to
unity, provided the kinetic energy correction was small; the time
ratio for an anomalous liquid was less than unity. For an Fe
value of 15.0 rhes, they reported tVU equal to 0.98 and for an Ft
value of 21.3, U/U was 1.00. They gave no values between 15
and 21.3 rhes.

SUMMARY AND CONCLUSIONS

The flow characteristics of cotton and regenerated cellulose
fabrics dispersed in cuprammonium were determined by means of
flow-pressure and fluidity-velocity gradient graphs. Under the
experimental conditions recommended by the American Society
for Testing Materials, 0.5% cotton-cuprammonium dispersions
with fluidity values (Fccorrected for kinetic energy) greater than
19 rhes and 2% regenerated cellulose dispersions are simple
liquids; 0.5% cotton-cuprammonium dispersions with Fe values
less than 17 rhes are complex liquids rather than plastic mate-
rials, since they do not exhibit a real yield value.

The formula, Fa = = may be used for the calculation of fluidity

values less than 7 rhes, since the kinetic energy correction for
these values is negligible. Either the Poiseuille equation or

Equation I, Fc = K , more frequently used in calculating the

fluidity of cellulose dispersions, is suitable for calculating fluidity
values greater than 7 rhes. The velocity gradient adjustment is
applicable to the complex cotton-cuprammonium dispersions
with Fcvalues less than 10rhes. Equation 2, intended for plastic
materials, should not be used for calculating the fluidities of cellu-
lose fabrics since they form either simple or complex rather than
plastic dispersions, and they often require the Kinetic energy cor-
rection.

Either the buret consistometer or the viscometer may be used
for the regenerated cellulose dispersions or the cotton dispersions
with Fcvalues greater than 10 rhes. The buret type of capillary
instrument has an advantage over the single-volume viscometer
type for the determination of the fluidity of complex cotton-
cuprammonium dispersions with Fcvalues less than 10 rhes, since
the velocity gradient adjustment is readily obtained with the
buret consistometer in one discharge.

LITERATURE CITED

(1) Am. Soc. Testing Materials, "A.S.T.M. Standards on Textile
Materials”, Philadelphia, 1942.

(2) Am. Soc. Testing Materials, “1942 Book of A.S.T.M. Stand-
ards Including Tentative Standards, Part 111, Nonmotallic
Materials—General”, Philadelphia, 1942.

(3) Bingham, E. C., “Fluidity and Plasticity”, 1st ed., New York,
McGraw-Hill Book Co., 1922.

(4) Clibbens, D. A., and Geake, A., Textile Inst. J., 19, T77-92
(1928).
(5) Clibbens, D. A., and Little, A. H,, lbid., 27, T285-304 (1936).

(6) Conrad, C. M., Ind. Eng. Chem., Anal. Ed., 13, 526-33 (1941).

(7) Dept. Sei. Ind. Research, "Viscosity of Cellulose Solutions”,
London, H. M. Stationery Office, 1932.

(8) Herschel, W. H., and Bulkley, R., Ind. Eng. Chem., 19, 134-9
(1927).

(9) Kroepelin, H., Kolloid Z., 47, 294-304 (1929).

(10) Mease, R. T., Am. Soe. Testing Materials, Bull. 93, 21-3
(1938).

(11) Rogers, R. E., Hays, M. B., and Brown, J. J., U. S. Dept. Agr.,
Tech. Bull. 803 (1942).

(12) Rogers, R. E., Hays, M. B., and Wigington, J. T,, Ibid., 645
(1939).

(13) U. S. Bur. Agr. Economics and Horae Economics, lbid., 406
(1934).

(14) Williamson, R. V., Ind. Eng. Chem ., 21, 110S-11 (1929).

Pbebbnted before the Division of Cellulose Chemistry at the 102nd Meeting
of the Ameiucan Chemical Society, Atlantic City, N. J.



Antimony Trichloride Reaction of Vitamin D

EDGAR M. SHANTZ, Distillation Products, Inc., Rochester, N. Y.

RECENT years, many investigators have reported on
Pmethods for the physicochemical estimation of vitamin D in
fish liver oil.  Many of these methods (1-4,7,8) depend upon the
measurement of the yellow color developed when antimony tri-
chloride or some modification (5, 6, 9) of this reagent is added to
the vitamin D-containing fraction which is usually freed from
vitamin A, sterols, and other color-producing substances by a
chromatographic procedure.

Some years ago when these laboratories were actively investi-
gating this problem, a reference calibration curve of the antimony
trichloride yellow color was made up using crystalline calciferol
(British Drug House) as a standard. It was found that varia-
tions in the conditions of concentration, time, light, and tempera-
ture all had a marked effect in the development of the yellow
color at 500 van. Some of these effects have been overlooked by
other investigators. These observations are published here in
the hope that they may enable others to obtain closer agreement
intheir results.

EXPERIMENTAL PROCEDURE

One milliliter of a chloroform solution of calciferol was meas-
ured into a colorimeter tube, and 10 ml, of a chloroform solution of
antimony trichloride (saturated at 20° C.) were added rapidly
from an automatic pipet. The intensity of the orange color was
determined in an Evelyn photoelectric colorimeter, using a 500
nifi filter. (The filter was made up by E. E. Richardson of the
Eastman Kodak Research Laboratories by adding some compo-
nents to the 500 van filter supplied by the Rubicon Company to
give a sharper band.) From the galvanometer reading function
L, approximately proportional to the optical density, was deter-
mined. Using this basic procedure, the conditions of concen-
tration of calciferol, time, light, and temperature were varied.

EFFECT OF VARYING CONDITIONS

Concentration. The intensity of the yellow color of the
antimony trichloride-calciferol reaction product was not propor-
tional to the amount of calciferol in the aliquot tested, except at
very low concentration (5 micrograms or less per ml.). With
larger amounts the color development was much less than would
be expected from the intensity of color at lower concentrations
(Figure 1, upper). These observations were confirmed by meas-
urements made at 500 m/x on a recording spectrophotometer.
Thus a calibration curve is recommended. If a conversion factor
is used, it must be limited to a small range of optical density.

Time. Calciferol-antimony trichloride colors must be meas-
ured after an exact interval of time. At 30° C. the color inten-
sity reached a maximum after 4 minutes, then slowly and steadily
faded (Figure 1, center).

Light. The maximum color development was reached when
the reaction was allowed to take place in the dark. When the
color was developed in a shaded corner of the room on a bright
day, the results were about 10% low, and when allowed to stand
near the window, the results were about 15% low.

Temperature. Changes intemperature had a profound effect
on the color development (Figure 1, lower). The intensity in-
creased with temperature to a maximum at 42° C., beyond which
it decreased. Between normal ranges of room temperature (19°
to 33° C.) there was a difference of 40% in the color intensity of
the same solution.

DISCUSSION

The author is not attempting to set up strict conditions under
which vitamin D determinations with antimony trichloride
should be run. This is left to the individual investigator, but
attention is called to the variables which must be controlled
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TEMPERATURE ~ *6.---------->

Intensity of Calciferol-Antimony Trichloride Color, L, at
500 tipi
Plotted against concentration of calciferol
0.0014% solution plotted against time
0.0008% solution plotted against temperature
at which color was allowed to develop

Figure 1.

Upper.
Center.
Lower.

closely if reproducible results are to be obtained. In this labora-
tory satisfactory checks were obtained (=2 %) on samples of cal-
ciferol by the following procedure:

One cubic centimeter of chloroform solution, calculated to con-
tain about 0.07 to 0.25 mg. of calciferol, was measured into a
colorimeter tube which had been allowed to come to constant
temperature by inserting in a rack of steel tubes immersed in a
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controlled temperature bath at 30° C. Ten cubic centimeters
of antimony trichloride solution (saturated in chlorofonn at
'20° C.) were then added. The reagent had also been previously
brought to 30° C. by immersing the container in the constant-
temperature bath. The steel tubes were covered to exclude
Ii%ht and the color was allowed to develop for exactly 4 minutes.
The colorimeter tubes were removed and immediately read on an
Evelyn photoelectric colorimeter, using a 500 nm filter. The
amount of vitamin D was calculated from a calibration curve
prepared from crystalline calciferol.

In the estimation of vitamin D by the antimony trichloride
procedure, the conditions of concentration, time, light, and tem-
perature must be rigidly controlled to obtain reproducible results.
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A Versatile Liquid-Liquid Extractor

W. D. LONG

Horton & Converse,
Los Angeles, Calif.

NY liquid-liquid extrac-
I\/rtors have been described.
A large number of these are
patterned after the device de-
scribed by Marshall (1) which,
although labor-saving, is slow
and therefore expensive to
operate. In addition certain
materials are heat-labile to the
extent that they are destroyed
in the boiling flask.

The apparatus herein de-
scribed utilizes the well-known
gas lift principle to overcome
these objections and presents
many additional possibilities for
extraction procedures, catalytic
reactions, adsorptions, etc. Itis
compact, simple to build, and
very economical to operate.
Low vacuum (0.5 inch) or a
slight air or gas pressure serves
equally well to operate the unit
whether it be used as a small laboratory unit or for
large-scale extractions. The extractant may be either
the heavier or the lighter liquid.

Figure 1

The basic apparatus, which may be used as a batch
extractor and which has been used to advantage in
proceduresnormally carried out with separatory funnels,
Is shown in Figure In operation, vacuum at 1 or
pressure at 2 causes the lighter liquid in 3 to drop to
4, where a plug of air enters tube 5 and pushes the liquid
in 5 into reservoir 6. Increased height of the liquid
at this point causes a downflow through tube 7, where
it bubbles out through a fritted-glass bubbler and rises
to the liquid interface, 8, thence to point 4, momen-
tarily sealing opening to tube 5. Gas entering through
tube” 3 again forces liquid into reservoir 6. A low
vacuum or gas pressure causes a continuous, rapid
bubbling action. When the heavier liquid is to be

the extractant, an outlet should be'provided at the bottom of the
flask, 9.

Figure 2 illustrates the extractors used in conjunction with a
boiling flask and condenser for continuous operation. Extrac-
tion time is much reduced by this arrangement.

Figure 3 is a design of an apparatus utilizing this principle for
extracting or percolating solid materials or for conducting ad-
sorptions or catalytic reactions. The cylinder, 1, may be packed,
or a thimble containing the material to be extracted may be in-
serted into the chamber. The unit is operated in the same man-
ner as the liquid-liquid extractor.

LITERATURE CITED
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Figure 2

Figure 3



Elimination of Nitrate Impurities from 30 Per Cent
Hydrogen Peroxide

E. C. CANTINO, Division of Plant Nutrition, University of California, Berkeley, Calif.

E phenol-disulfonic acid method for the determination of
nitrates in plant tissue is being used in this laboratory.
Many modifications have been reported.

Roller and McKaig (2) developed a modified method involving
the use of 30% hydrogen {)eroxide as an oxidizing agent for or-
ganic matter. Because 0l the appreciable nitrate impurity in
hydrogen peroxide, it was found necessary to purify this reagent,
and distillation under reduced pressures was suggested by Roller
and McKaig. [At the present time, 30% hydrogen peroxide low
in nitrates 1s sometimes difficult to obtain in large quantities
upon immediate request, and the commercial product—e.g.,
Superoxol c.p. grade—obtainable in somewhat larger quantities,
generally contains approximately 200 p.p.m. of nitrate. ]

This method of purification is time-consuming, and further-
more 30% hydrogen peroxide when distilled under reduced pres-
sures (15 to 60 mm. of mercury) has seldom been found by the
author to yield a distillate of more than 20% hydrogen peroxide.
Consequently, attempts were made to purify the reagent by other
means. Experiments indicated that this could be done by per-
colating the reagent through layers of activated carbon suitably
separated as shown in Figure 1.

APPARATUS AND
PROCEDURE

A water-cooled ad-
sorption column with
dimensions as indicated
was used. A sintered-
glass filter plate sealed
into the lower end of the
tube was found neces-
sary to prevent small
carbon particles from
passing into the purified
reagent. The column is
loosely packed with 5-
to 10-gram portions of
activated carbon
(Columbia brand acti-
vated carbon, type F,
size 20/48) alternating
with glass beads, glass
wool plugs, and per-
forated porcelain plates.
The separatory funnel
at the top of the column
is filled with hydrogen
peroxide, suction ap-
plied at the receiving
flask, and the rate of
percolation regulated by
the stopcock on the
separatory funnel to
?roduce a desirable
Tow.

DISCUSSION

It was necessary to
design a column and to
find a suitable adsorbent
which could be used to
remove nitrate from
hydrogen peroxide with-
out subsequent decom-
position of this reagent.
The effectiveness of

- . Figure 1.
various forms of active

b. Glass beads

Adsorption Column

carbon was determined c. Gsrt?on . i dick
. . Perforated porcelain dis
expe“menta”y' {)0. Glass WOO|p
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Very fine active carbon, such as powdered Nuchar or Norit A,
was unsatisfactory in the author’s column because of the slow rate
of percolation of reagent, and the rapid rate of decomposition due
to the particle size. ~ A coarse product such as Nuchar 4/10-mesli
was somewhat more suitable than a fine carbon, but did not com-
pare favorably with the Columbia Carbon product. Commercial
organic anion-exchange materials could not be used because of
the rapidity with which they are oxidized and broken down by
hydrogen peroxide. Under the author’s working conditions,
Columbia brand activated carbon appeared to be best adapted
to requirements.

In order to obtain maximum efficiency, the carbon is pre-
treated as follows: A slow stream of sulfur dioxide is passed for
several hours into a large Erlenmeyer flask containing 500 grams
of carbon. The carbon is then oven-dried at 110° C. for 24 hours,
and is ready for use. Active carbon not treated in this manner
may be used, but the nitrate content of the purified peroxide is
generally somewhat higher and varies from 15 to 30 p.p.m.

The percentage concentration of the final product appeared to
be related to the rate of percolation of fluid (Table I). At a low
rate of flow, appreciable decomposition occurred because of cata-
lytic activity of the carbon. As the rate was increased, the per-
centage composition tended to approach that of the original re-
agent. Consequently, it may be necessary to determine by trial
and error at what rate the reagent should be percolated through
the column in order to yield best results. The author has found
that for his apparatus a rate of percolation of approximately 200
cc. per minute is most effective.

A water-cooled system was considered necessary since heat is
liberated at the carbon-fluid interface. The rate of decomposi-
tion is increased appreciably with increase in temperature, and an
explosive rate may be approached if an air-cooled unit is used (1).

The purification of the reagent is obviously dependent upon
the nature of the adsorbing agent; however, the manner in
which the column is packed and the thickness of the carbon layers,
as well as the distance between them, are important in main-
taining proper temperatures, a rapid rate of percolation, and, sub-
sequently, a concentrated purified product.

RESULTS

By passing successive portions of hydrogen peroxide through
the column, it was found that approximately 35 grams of active
carbon were sufficient to purify over 500 cc. of the reagent. The

Table I. Nitrate in Hydrogen Peroxide

(Column packed as indicated in Figure 1. Original NOi content, appryxi
mately 200 p.p.m.)

Rate of H20:2 in HsQi in NO* in Temp, uf
Percolation Original Purified Purified Purified
of HsO: Product Product Product Reagent
Cc./min. % % P.p.m. 0C.

Thickness of Carbon Layers, 2 Cm. Distance betwei
of Carbon Layers, 4

28 6

24 5
21 5

200
100
00

31
31
31

Approximately 23
Approximately 23
Approximately 23

Thickness of Carbon Luyers,,4 Cm. Distance betwei
of Carbon Layers, 4

200 31 23 4 Approximately 23
100 30 19 4 Approximately 23
60 30 16 5 Approximately 23

Column Packed with Glass Beads Thoroughly Mixed with 35 Grams of
Active Carbon
100° 29
50 31 60-70
a A rate of Decom-

gercolation of 200 cc. per minute was not attained.

position of HjOi interfered with rapid percolation of fluid.
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purified product contained less than 10 p.p.m. of nitrate and its
average percentage concentration was approximately 27 to 29%
hydrogen peroxide. [The nitrate content of both untreated anti
purified hydrogen peroxide was determined according to Scott
(3). An aliquot of hydrogen peroxide containing 0.1 mg. or less
of nitrate was used.]

No investigations were made as to a method of “recharging”
the carbon by replacement of adsorbed nitrate with other anions,
so that carbon might subsequently be utilized again. Once the
column has become saturated with nitrate, its contents are re-
placed with fresh material.

The nitrate content of the purified reagent offers no difficulty
in the determination of nitrates (the small amount present can be

accounted for in the blank determination), the peroxide con-
centration remains sufficiently high to produce the desired results,
and the time necessary for the purification of the peroxide has
been reduced appreciably.
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Operating Procedure for Determining the Heat of
Combustion of Gasoline

E. W. DEAN, A. A. WILLIAMS, and N. E. FISHER
Standard Oil Development Company, Standard Inspection Laboratory, Bayonne, N. J.

The paper describes details of operating procedure for determining
the heat of combustion of gasoline. The degree of precision and the
economy of conducting the tests compare favorably with those pos-
sible for petroleum products of low volatility.

NY of the specifications for aviation gasoline now in
I\/reffect in the United States include a minimum limit for
lower or net heat of combustion. The prescribed procedure
is to determine the gross calorific value in an approved oxygen-
bomb calorimeter and obtain the net value by making a suit-
able correction for the latent heat of vaporization of water
formed during combustion of the fuel.

Practically all published directions for determining the gross
calorific value of aviation gasoline are exemplified by Method
250.2 of the Federal Specification for Lubricants and Liquid
Fuels (2). This prescribes the use of the standard A.S.T.M.
method of test for thermal value of fuel oil (1) modified as follows
for volatile fuel:

Fill a dry, weighed, gelatin capsule of suitable size w-ith dry
cotton fiber, weigh the capsule again, and record the weight of
gelatin and cotton. Fill the capsule by immersing it in the
fuel and closing it under the surface. Dry the outside of the
capsule, weigh the capsule immediately, and record the weight
of the fuel. Wrap the ignition ware around the capsule three
or four times and place the capsule immediately in the bomb.
Fill the bomb with oxygen at 30 atmospheres pressure, and
proceed with the test as outlined in Method 250.1.

Repeat the test if traces of sooty deposit or odor of unbfirned
fuel are noticed when the bomb is opened after combustion.

Corrections. Make all corrections outlined in Method 250.1
and in addition correct for the heat of combustion of the gelatin
and the cotton by subtracting from the total heat developed.

These directions, obviously, leave a great deal to the imagina-
tion of the operator. The authors’ laboratory has had oc-
casion to acquire a large amount of experience with this par-
ticular determination, and the present paper discusses the de-
tails which are missing in the published directions quoted above,
and gives specific instructions followed by their operators.

CONDITION AND SIZE OF GELATIN CAPSULES

The use of a dry gelatin capsule of suitable size is prescribed.
As purchased, capsules contain a large and indeterminate amount
of water. One batch dried in a desiccator over calcium chloride
showed a loss of weight of about 10% for the first day, and an
additional 4.5% in the 20 days following. Complete drying
could be effected by heating in an oven at 221° F., but the cap-
sules then became brittle and unusable. It was found that cap-
sules “as received” did not change appreciably during the nor-
mal time of the weighing operation, regardless of whether the

humidity was high or low, and it appeared that the important
feature was to ensure uniform water content in a batch, and to
avoid extraneous surface moisture.

Capsules having a suitable capacity of about 0.1 ml. are
designated as “No. 00 size” by at least one commercial supplier.

FILLING OF CAPSULES

The published directions call for filling a weighed capsule
containing a determined quantity of dry cotton, by immersing
it in the fuel and closing it under the surface of the liquid. The
cotton serves to minimize splashing when the capsule is ignited

ONE HALE or CAPSULE

HOLE FOR ONE HALF OF CAPSULE

ALL DIMENSIONS ARE IN INCHES

Figure 1. Capsule Holder

Consiits ot (wo parts, one shown with half-capsule
in place. Inside diameters, as shown, arc suitable
for capsules used In authors' laboratory.

in the bomb. Ignited asbestos serves the same purpose and
has the obvious advantage of contributing nothing to the heat
generated during the combustion period. However, by ob-
serving certain simple precautions it is possible to dispense with
cotton or asbestos. Splashing does not occur if the capsules
are completely filled with liquid and free from even the smallest
bubble of air or other permanent gas.

The prescribed operation of filling by pushing together the two
halves of the capsule below the surface of the liquid fuel can,
if necessary, be performed with the fingers. The use of a special
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brass holder, such as is shown in Figure 1, has obvious advantages,
particularly as regards the size of the container and the quantity
of fuel required. It is not considered good practice to fill more
than one capsule from the portion of gasoline which has been
poured into the dish.

EVAPORATION LOSSES

The fact that capsules are not perfectly tight is recognized
in the published directions, by the provision for weighing “im-
mediately” after filling, and placing the capsule in the bomb
“immediately” after adjusting the ignitionwire. This is to mini-
mize evaporation losses which change the composition of the
fuel and introduce an uncertainty as to the weight of the charge
actually burned in the bomb. The error due to change in
composition of the gasoline seems to be unayoidable but is of
negligible magnitude when dealing with the present types of
aviation fuel and is perhaps 0.02 or 0.03% for each full per cent
evaporation loss. The error due to loss of material is in direct
proportion to the amount of gasoline that is vaporized.

Asimple practical scheme, devised for determining the evapora-
tion loss between the time of completing the final weighing of
the filled capsule and the time of closing the bomb, involves
determining the rate of evaporation loss (rejecting the capsule
if this is excessive) and measuring the time interval between
the completion of the weighing and the closing of the bomb.
When the initial evaporation loss is not in excess of 0.0010
gram per minute, the rate remains practically constant for at
least 2 additional minutes. An experienced operator can usually
transfer a capsule from the pan of the balance to the bomb in one
minute or less.

DETAILED WORKING DIRECTIONS

Preparation op Supply of Capsules. Place approximately
1000 gelatin capsules in a bottle with a tight screw top. Allow
to stand for at least 30 days to ensure equalization of the mois-
ture content of all individual capsules. In case of emergency,
this “'soaking” period may be reduced to one week by using an
maersue bottle and shaking its contents vigorously at least twice
a day.

At the time the soaking period is started, prepare test por-
tions for determination of the calorific value of the gelatin. Each
portion consists of about ten capsules, cut into small pieces and
placed inside a capsule. Put these test portions, with the halves
of the containing capsules separated, in a small shallow dish or a
perforated gill can, which is placed in the bottle with the main
supply. At the end of the soaking period, remove the can, as-
semble the capsules, and place them in a small bottle which is
tightly closed. Remove the gelatin-filled capsules from this
bottle one at a time for determination of their calorific value.
Make at least three determinations, and if the average devia-
tion from the mean of these results exceeds 45 B.t.u. per pound,
make additional determinations until the average deviation is
less than this amount.

Transfer at least 100 capsules from the large bottle to a set
of small screwr-top bottles of similar type, putting 10 to 15
capsules (approximately 2 days’ supply) in each bottle. Avoid
making the transfer under conditions which might cause the
capsules to pick up surface moisture. The relative humidity
should not be too high and the capsules should not be far enough
below room temperature to bring about condensation.

Filling of Capsules. Withdraw a capsule from the current
working supply, restoppering the bottle immediately. Weigh
with an accuracy of 0.1 mg. and record as IF). Pour some of the
sample to be tested into a small beaker or crucible. Place each
half of the capsule in a suitable brass holder such as is shown in
Figure 1. Immerse the halves of the capsule in the gasoline,
with the open ends obliquely upw’ard, and agitate very gently
for 20 to 30 seconds, to get rid of bubbles of occluded air or other
permanent gas which would interfere with complete filling. Then
put the two halves together, still keeping them immersed. With-
draw from the “(E“d wipe dry with a clean cloth, and place
on the pan of the alance.

Weigh to 0.1 mg. and record as TF2 When balance is at-
tained, start a stop watch and obtain another weight exactly
60 seconds later. Record as Wt. Insert the filled capsule in a
coil of ignition wire, already attached to the terminals of the
bomb and push it down into the cup or crucible. The coil is
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made by wrapping three or four turns of ignition wire around
a rod of the same diameter as the capsules. Care should be
taken not to warm the capsule appreciably while transferring
from the balance to the coil of ignition wire. If the operator
uses bare fingers, they must bfe dry and his touch must be light.
Other precautions, such as the use of special tongs, are obviously
permissible.  Stop the watch when the lid of the bomb is in place.
Do not include the OEerations of screwing on the lock ring,
eta, in the time period thus measured.

Compute the weight of gasoline burned, wb, from the follow-
ing formula:

Wb= (TR2- Tli) - (IF, - W,)A

t is the time in seconds elapsed between completion of the
first weighing of the filled capsule and the closing of the bomb,
specifically, it is the stop-wmtch reading. (IF2 — IFi) is the
weight of gasoline originally in the capsule and (TF2'— IF>)
the amount lost by evaporation during the 60-second period the
filled capsule was kept on the balance pan. A normal figure
for this loss is from 0.0001 to 0.0010 gram. If it is as much as
0.0015 gram, or if any bubble of air or vapor is observed in the
capsuleBefore the bomb is closed, the capsule is rejected.

Obtaining a weight at some predetermined instant is easy
wdth various types of automatic-reading balances now available.
If the simple conventional type of balance is used it is recom-
mended that its sensitivity be determined and that (TFj — TFj) be
measured in terms of change in the swing rather than by trying
to shift the rider. It is, however, possible to measure the time
for, say, 0.0010-gram loss rather than the loss during 60 seconds.
If this is done, the formula above should be suitably modified.

OTHER METHODS FOR BOMB-CALORIMETER DETERMINATIONS WITH
VOLATILE FUELS

A somewhat different procedure, using gelatin capsules,
has been described by Jones and Starr (4). It has not been
tried in the_authors’ laboratory but they believe it is slightly
Iebss convenient and no more accurate than that described
above.

The method of Richter and Jaeschke (7) involves weighing
the charge of gasoline in a special platinum crucible covered
wdth a thin skin of collodion. It has not been tried, but the
accuracy claimed is no better than that normally attained with
the procedure described above.

The most precise method known to the authors is that orig-
inally described by Richards and Barry (<?), and later improved
by Jessup (5) and Prosen and Rossini (5). The charge is weighed
in a hermetically sealed special glass bulb wdth flattened sides.
This bulb, if properly made and completely filled, opens in the
bomb without splashing, when exposed to the heat generated
by the combustion of the iron fuse wire. The procedure is more
time-consuming than that described above and the technique
of fabricating, filling, and sealing the bulbs requires a higher de-
gree of manipulative skill than is necessary when using gelatin
capsules.

The authors take this opportunity to suggest that the ideal
solution of the problem is to weigh the charge in a special closed
container which opens mechanically in the bomb when the
ignition wdre is burned. With adequate ingenuity and ex-
perimentation a practical device of this type might be developed.

Table I. Benzene Blank Determination for a Typical Period of 29
Consecutive Working Days
(Values in British thermal units per pound)

18,032 18,020 18,005 18,071
18,030 18,031 18,057 18,057
18,011 18,069 18,043 18,039
18,032 18,065 18,048 18,045
18,048 18,034 18,067 18,030
18,041 18,057 18,045 18, 1033
18,042 18,005 18,060 18,058
18,010

Mean, 18,041

Av. deviation from mean, 15.5 B.t.u., or 0.086%

Max. deviation from mean, 36 B.t.u., or 0.200%
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PRECISION ATTAINABLE

It is customary in the authors’ laboratory to make a blank
determination once a day on a sample of “chemically pure”
benzene. Table | shows the results obtained in a period, selected
at random, of 29 consecutive working days.

The exact calorific value of the benzene used is not known,
hence these “blank” determinations are an index of the re-
producibility rather than the absolute accuracy of the deter-
minations. The basic standard is benzoic acid, obtained from
and certified by the National Bureau of Standards.
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Chromatographic Determination of Carotene in Alfalfa

L. W. CHARKEYland H. S. WILGUS, Jr.
Colorado Agricultural Experiment Station, Fort Collins, Colo.

A chromatographic method is presented, with supporting experi-
mental data, which avoids the oxidative losses of carotene generally
encountered in freshly harvested plant tissues, as well as errors due
to incomplete extraction and incomplete separation of carotenes
from other pigments present. The method includes an enzyme in-

N THE assay of plant tissues for carotene three important

factors are capable of causing large errors in determined
values, (1) The carotenes are unstable, undergoing oxidation
under ordinary conditions and isomerization or other changes (1)
under certain conditions. This necessitates the use of proper
precautionary measures throughout the analysis. (2) Difficulty
is encountered in many instances in extracting all the carotene.
Each different plant tissue must be handled as a separate extrac-
tion problem and checks must be carried out to prove that ex-
traction has been complete. (3) Separation of carotenes from
other substances in the extract prior to measurement is difficult.
The carotenes occur in intimate association with other caroten-
oids whose close chemical and physical relationship to the caro-
tenes makes their elimination a serious problem. Several inves-
tigators (4, 7, 11, 1S) have concluded that in methods based on
phasic separations, noncarotene pigments are measured as caro-
tene. The chromatographic technique appears to be the only one
extant which is capable of completely removing these interfering
substances.

A method for routine use has been evolved which overcomes
for practical purposes all the difficulties referred to and requires
only very simple equipment. Using this method one operator can
analyze eighteen prepared alfalfa samples per 8-hour day. While
modifications have been applied to a variety of plant tissues, the
discussion from this point on deals principally with the determina-
tion as applied to freshly cut alfalfa.

PROCEDURE

Field Sampling. From each field plot to be sampled a repre-
sentative sample of about 1000 grams is collected by cutting off
within an inch of the ground small handfuls of alfalfa at a number
of random positions throughout the plot. Immediately after
collection the sample is wrapped in paper with enough cracked
dry ice (as shown by experience) to freeze it quickly and main-
lain a frozen condition until subsampling and enzyme destruction
can be carried out. The resulting bundles of alfalfa rolled in paper
are tagged and placed in an insulated double plywood box for
transportation to the laboratory.

Subsampling and Enzyme Destruction. Each field sample
is taken from the box the same day as cut and while still frozen
is unwrapped and run twice through a Russwin food chopper (not
a meat grinder) with any remaining dry ice, then mixed thor-
oughly by hand to render it as homogeneous as possible. At this

1Present address, Department of Poultry Husbandry, Cornell University,
Ithara, N. Y.

activation and sample storage procedure, making possible the collec-
tion and preparation of large numbers of samples on fixed dates.
The chromatographic technique has been modified for the purpose at
hand, by converting the adsorption column to an adsorption filter
which avoids losses of adsorbed carotene.

point all desired subsamples, about 5 grams each, are weighed im-
mediately and directly into 125-ml. Erlenmeyer flasks containing
about 25"to 30 ml. of the slightly alkaline ethanol preparation
described below. The flasks are shaken Jiriefly and placed on a
hot plate, where they are allowed to simmer under a reflux con-
denser for 10 minutes. After partial cooling the flasks are com-
pletely filled with Skellysolve B, stoppered tightly with rubber
stoppers, and placed ina refrigerator at —1° C. until taken for
analysis.

Extraction. At any convenient time, as long as 30 days
thereafter, the entire contents of each flask are transferred quan-
titatively to the container of a Waring Blendor with the aid of a
stream of Skellysolve B from a wash bottle. A convenient type
of wash bottle for this purpose has been described (2). The
Blendor is ran for about 2 minutes, after which the contents are
filtered directly into a 500-ml. separatory funnel. A convenient
filter for this purpose is a funnel large enough to accommodate the
entire contents of the Waring Blendor container, fitted with a
piece of sheeting or other closely woven while cotton cloth. The
solids retained by the filter are washed with Skellysolve and
squeezed out repeatedly therein.

Preparation of Solution for Chromatographing. After
the lower layer is discarded, the resulting solution must be freed
of most of the chlorophyll present and of other polar solutes,
since these would interfere with the subsequent chromatographic
separation if allowed to remain. This is accomplished by washing
the solution repeatedly according to the following directions:

1. Add 25 to 30 ml. of 10% (weight per volume) solution of po-
tassium hydroxide in 80% ethanol and shake the separatory funnel
vigorously for 4 or 5 seconds. Discard the lower layer.

2. Repeat (1) once.

3. Add about 100 ml. of water and shake gently for a few seconds.
Discard the lower layer.

4. Add about 100 ml. of approximately 4% sulfuric acid solution
and shake gently for a few seconds. Discard the lower layer.

5. Add about 200 ml. of water and invert the funnel three or four
times quickly but without undue force. Discard the lower layer.

6. Repeat (5) once.

7. Finally, immediately before chromatographing, draw off and
discard the last water which settles.

These operations mav be performed rapidly. Only one separa-
tory funnel is required for each sample, since it is always the
lower layer which is discarded. The carotene solution remains in
the same funnel and no time-consuming transfers are necessary.
All the separations of layers referred to take place rapidly unless
preceded by too vigorous shaking, which is unlikely to occur ex-
ceptin the two final rinsings with water. In practice six carotene
determinations are carrieci out simultaneously. With a battery
of six separatory funnels, no waiting for separation of layers Is
necessary. All the discarded iayers have been analyzed repeatedly
and have never been found to contain measurable amounts of
carotene.
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Chromatographic Separation op
carotene. After the last, bit of water
which separates is discarded, the con-
tents of the separatory funnel are passed
through a drying tube charged with an-
hydrous sodium sulfate placed above an
adsorption tube packed with an adsorp-
tive mixture (1 part of magnesia to 8
parts of soda ash by weight) into a
250-ml. graduated cylinder connected for
removal of air by suction (see Figure 1).
The percolation cannot be speedily ac-
complished by gravity alone. The drying
and adsorption tubes should be wetted
previously with Skellysolve B. As soon
as all the solution from the separatory
funnel has passed into the drying tube,
the funnel ‘is rinsed with 25 to 30 ml.
of Skellysolve B which is also passed into
the percolation system. The system is
iiojv washed further with Skellysolve con-
taining 1% ethanol by volume until the
upper pigment bands begin to move down.
This guarantees that no carotene, adsorbed
or unadsorbed, remains in the column.
The adsorption tubes are prepared by
packing the adsorbent mixture into filter
lubes of about 20- to 25-mm. inside di-
ameter, plugged at the constriction by a
wad of cotton or glass wool. A depth of
o cm. in a 20-mm. tube is adequate for
carotene determinations in 5-gram fresh
alfalfasamples. The tubes are packed by
pressing small portions of the adsorbent
firmly into place in the tube supported
vertically. This packing is done with a
plunger consisting of a long stout rod and
properly fitting rubber stopper. When
the tube is held in a horizontal position, Figure 1.  Ad-
if the surface layer retains its position it sorption Appara-
has been packed tightly enough. tus
Photometric M easurement op Caro-
tene. After percolation is complete the
volume of the percolate is noted and its carotene content is
measured in a photometer previously standardized against
pure jS-carotene or a suitable secondary standard solution. In
this laboratory an Aminco type F photoelectric photometer
was used routinely with the No. 42 filter in place. From the
data thus obtained and the weight of the sample, the carotene
content of the material analyzed is calculated.

EXPERIMENTAL

Sampling and E xtraction. Since the samples for experimen-
tal work at this station had to be collected in large numbers on
given days during the growing season, some method of storing
them without loss of carotene prior to analysis was necessary.
Preliminary work showed (1) that cold storage of samples in an
atmosphere low in oxygen cannot be relied on to preserve caro-
tene in alfalfa samples; and (2) that chopping alfalfa for repre-
sentative sampling initiates very rapid destruction of carotene.
Twenty-one samples which had been run through a food chopper
showed in 16 hours an average loss of 37.2% of their carotene.

Rapid losses of this kind probably take place only in the pres-
ence of oxidases which occur in the plant. If so, alfalfa samples
for carotene assay must be treated immediately after they are
weighed out by some solvent or reagent capable of destroying the
enzymes. Since Zimmerman et al. (13) recommended boiling
diacetone as an enzyme-destroying agent and solvent, it was tried
on alfalfa samples. Other agents tried were ethanol, and hot and
cold ethanolie potassium hydroxide (S, 9). In all cases the vol-
ume used was 25 ml. on a sample weighing 5 £ 0.5 grams. The
results are shown in Figure 2.

The destruction of carotene is evident in samples heated with
either diaeetone or alcohol. Noteworthy is the fact that a
strongly alkaline reagent, 10% ethanolie potassium hydroxide,
gave higher values than either of the other solvents. This fact
and the report of Beadle and Zscheile (1) that acids cause de-
struction of carotene, as well as the further fact that the ethanol

ANALYTICAL EDITION 183

used in the preceding experiment carried slight acidity, led to a
trial of ethanol containing in solution a small excess of potassium
hydroxide. Such a solution was prepared by adding to commer-
cial ethanol enough powdered potassium hydroxide to neutralize
its acidity, then 0.5 gram per liter excess.

Several 5-gram subsamples taken under the same conditions
from a single well-mixed sample of ground alfalfa were weighed
into 125-ml. Erlenmeyer flasks containing 25 ml. of the alkaline
ethanol described above. The flasks were placed on a hot plate
and left there for the contents to boil for 10 minutes. Since it
was also desired to determine the effect of excluding air, the sub-
samples thus treated were divided into two lots. The flasks in
one lot were completely filled with Skellysolve B in order to exclude
air and were tightly stoppered; those in the other lot were stop-
pered tightly with the air unreplaced. All were stored in a re-
frigerator at —1° C. to await analysis. At convenient intervals
thereafter sets of four subsamples comprised of one pair from each
of the two lots were analyzed. As controls, two other subsamples
were taken and analyzed immediately without treatment. Figure
3 presents an average of results obtained in several repetitions of
this experiment, in which carotene values have been reduced to
percentages of the original content.

No great loss of carotene occurred, either during or after treat-
ment with alkaline ethanol, if the samples were protected from
air. If they were not so protected, a slow loss of carotene took
place, presumably through spontaneous oxidation, since oxida-
tive losses of carotene in the presence of enzymes appear to be
much more rapid than observed here. It may be concluded that
the treatment described prevents enzymatic and spontaneous
oxidation of carotene in alfalfa samples without serious loss of
carotene during treatment.

The foregoing comprises a part of the extraation procedure,
sin'ce after samples are so treated and stored for a few days under
the stated conditions they appear to have undergone a softening
or disintegration and to have lost their green color to the super-
natant solvents. Subsequent maceration of samples in this con-

dition is accomplished with
great ease in about one
minute by means of a War-

: ing Blendor, which is also
438 recommended by other
221 workers (3, 8).

312« Chromatography. In
the search for a suitable
adsorbent for chromato-
graphic separation of caro-
tene from other extracted
pigments, it was found that
mixtures of soda ash (6,
Merck technical) with mag-
nesia (10, Micron brand)
showed desirable properties;

Figure 2. Effect of Treatments on .
Carotene in Alfalfa and that the adsorptive
strength can be varied
A. No treatment, analg/zed at once (taken .
100%) through a considerable use-
B. Refluxed Zr?ol?gm}géeusnh 10% alco- ful range of mixture propor-
C. Digested 20 hours at room tempera- tions. Inasmuch as the
ture with 10% alcoholic KO .
D. Heated to b?]inrl]g,hb?ned 10 minutes carotenes are subject to
with alcoho H H
E. Heated to boiling, boiled dry with ~ destruction while adsorbed
alcohol _ (10) and are the least
F. Heated to boiling, boiled 5 minutes
with diaeetone strongly adsorbed of all
G. Heated to boiling, boiled dry with

the pigments present, it
was considered desirable so
to adjust the composition of
the adsorbent mixture that the carotenes are not adsorbed, but
pass through the column while the other pigments are retained.
The mixture which just fails to retain carotene was found to be one
containing 8 parts of soda ash to | part of magnesia by weight.
In chromatographing with this adsorbent the mixed carotene
band is seen only fieetingly if at all. Thus the adsorption column

diaeetone
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becomes in actuality an adsorption filter, and the possibility of
loss of adsorbed carotene is eliminated.

The adsorbent mixture is easily reclaimed for further use by
placing it in 9-cm. porcelain crucibles in a cold muffle furnace and
bringing it gradually to a “low red heat”. After | or 2 hours at
this temperature the furnace is turned off and the contents are al-
lowed to cool in place. This slowly burns out the adsorbed
organic substances without destroying the adsorbent, which can
be reclaimed in this way at least six times without noteworthy
change in activity.

RESULTS AND DISCUSSION

Accuracy op the Method. As a measure of accuracy of the
method standard deviations were calculated from duplicate
values which were available for each of the three cuttings of al-
falfa (Table 1). The standard deviations are roughly propor-
tional to the mean values found for the three cuttings. This indi-
cates that the inherent precision of the method is at least as great
as the accuracy with which the samples were taken.

Hasd Tie in[hs v

Figure 3. Effect of Storage Conditions on Carotene in Alfalfa
€ No treatment, analyzed
(taken as 100% "alkaline alcohol", then stored at
* Heated 10 minutes with boiling
"alkaline alcohol", then stored at
—1° C. in stoppered flask

at once

filled with Skellysolve B

Recovery op Added Carotene. A number of recovery tests
were run by assaying fresh alfalfa samples along with duplicates
to which were added known quantities of pure /3-carotene (Smaco)
in the form of a concentrated solution in Skellysolve B. The
amount of carotene added was determined by measuring photo-
metrically a diluted aliquot of the same concentrate. The re-
sults are shown in Table 11, where all values for carotene found are
averages of two or three separately determined values. A small
loss of carotene occurs during analysis by this method. This is
not surprising in view of the labile nature of carotene, particularly
its great susceptibility to oxidation.

Table I. Standard Deviations of Duplicate Carotene Values in
Alfalfa
No. of Sum of Mean of Standard
Pairs of Squares of All Values Deviation of
. Values, Devijations, Obtained, a Single Value,
Cutting n 2%2 yle- a
1st 17 65.15 34.5 2.02
2nd 27 146.94 48.7 2.375
3rd 13 136.40 68.4 3.37

Since in the foregoing recovery tests all samples, with and with-
out added carotene, were subjected to the enzyme-inactivating
heattreatment with alkaline ethanol, compensating losses of caro-
tene may have occurred during the heating. Table 111 shows a
comparison of duplicate average values found on subsamples of
the same lots of fresh alfalfa analyzed with and without this heat
treatment. Unheated subsamples were extracted immediately

X Heated 10 minutes with boilin

Ting Siin stoppered flask completelyform which makes accurate sampling difficult.

16, No. 3
Table Il. Recovery of Added Carotene
Caro-
Carotene Found tene Caro-
Sample -f  Sample — Wt. of Recov- tene
increment increment Difference Sample ered Added Recovery
ylo- yla- ylo. Grams y 7 %
74.37 66.02 8.35 5.30 44.25 47.0 94.1
98.34 43.03 55.31 5.00 276.55 2835 97.5
92.3 48.23 44.07 5.09 2243 220.3 101.8
Table Ill. Effect of Enzyme-Inactivation Treatment on Carotene
Sample Loss on .
No. Heated Not Heated Heating Destruction
ilo- ylo- 710 %
1 62.9 64.0 1.1 1.7
2 54.1 56.6 2.5 4.4
3 66.0 67.35 1.35 2.0
4 61.4 63.5 2.1 3.3

to avoid enzyme action. These results indicate a small loss of
carotene during treatment, which is not serious for practical pur-
poses and which could be eliminated only by elaborate precau-
tions. According to the results presented, the method described
here measures carotene in fresh alfalfa with an accuracy of more
than 90% and does not give erroneously high values.

APPLICATIONS TO PRODUCTS OTHER THAN ALFALFA

Since the method was first applied to fresh alfalfa and most of
the experimental data were collected using samples of this mate-
rial, this report has been written accordingly. However, modi-
fications have been applied to a large number of other plant varie-
ties, usually with greater reproducibility of results than reported
here. This follows from the apparent greater oxidase activity

9of alfalfa juice, its more complex pigment system, and its physical
The modifica-
tions referred to are usually in the size of the sample or method
of extraction, with concomitant adjustments of adsorbent volume
used or of adsorbent mixture proportions. Any adjustment of
mixture proportions is governed by the nature of the separation
involved—for instance, in the determination of carotene in to-
matoes the carotenes must be separated from lycopene. The
properties of lycopene, another hydrocarbon, resemble those of
the carotenes more closely than do those of the carotenols, etc.,
found in alfalfa. This separation is therefore usually regarded as
a more difficult one; however, it is accomplished easily by use of
an adsorbent mixture containing 1 part of magnesia to 6 parts of
soda ash by weight. The use of a mixture of this strength per-
mits actual observation of the carotene, which is adsorbed tem-
porarily but can be readily removed by further washing with
Skellysolve B.
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Determination of Manganese after Oxidation to
Tri-Dihydrogen Pyrophosphatomanganiate

Use of Pyridine to Separate Iron, Chromium, Vanadium, and Cerium from Manganese

J. L

WATTERSland

M. KOLTHOFF

School of Chemistry, University of Minnesota, Minneapolis, Minn.

Vanadyl, vanadate, eerie, cerous, and chromic ions are quanti-
tatively coprecipitated with an excess of ferric iron when hydrous
ferric oxide is precipitated by pyridine. Chromate divides be-
tween the precipitate and filtrate. Manganous and ferrous ions re-
main quantitatively in the filtrate. Use of pyridine is advantageous
in separating the interfering metals, vanadium, chromium, cerium,
and a large excess of iron from manganese prior to the polaro-
graphic determination of manganese as tri-dihydrogen pyrophos-
phatomanganiate.

APPLYING the authors’ (1) polarographic procedure for
nhe determination of manganese, after its oxidation to tri-
dihydrogen pyrophosphatomanganiate, to the analysis of ores
and steels it was found that large amounts of iron and even
small amounts of chromium, vanadium, and cerium interfered
with the determination. These elements must be separated from
manganese before the polarographic procedure can be applied.
It will be shown in a subsequent paper that as little as 1 or 2 mg.
of manganese can be determined in the presence of 0.2 gram of
iron without a separation; if more iron is present, a separation is
necessary. The interference of chromate can be eliminated by
reduction with arsenious acid. Otherwise the pyridine separa-
tion was found to be the most effective and simple method for
eliminating the interference. In this procedure chromium,
vanadium, and cerium are removed from solution by coprecipita-
tion with hydrous ferric oxide.

Pyridine, a very weak base having an ionization constant of
1.4 X 10“s, has been recommended for the quantitative precipi-
tation of certain trivalent metals as the hydrous oxide without
appreciable coprecipitation of cobalt, nickel, manganese, and
copper (2, 8). A mixture of approximately equal concentrations
of the pyridinium salt and pyridine is well buffered and is slightly
acidic, having a pH of approximately 5.2 at 25° C. The solid
hydrous oxide thus acquires a positive charge due to its primary
adsorption of hydrogen ions. Consequently anions such as the
sulfate ion, and not cations such as cobalt and nickel, are ad-
sorbed as counter ions and are carried down with the precipitate.

A second property of pyridine undoubtedly contributes to the
excellent separations of the hydrous oxides from cobalt, copper,
nickel, and manganese. The pyridine molecule, owing to the
lone pair of electrons on the nitrogen atom, is able to occupy a
place in the coordination sphere in complex-forming metal ions.
A great many complexes of the above metals with pyridine are
known. The authors found that the formation of a complex of
chromic chromium with pyridine actually is a factor in prevents

1Present address,
Chicago, 111

Metallurgical Laboratory, University of Chicago,

ing the precipitation of chromic ion in the absence of ferric iron
or aluminum.

In order that the pH shall not exceed 5.2 when 5 ml. of pyridine
are added to approximately 25 ml. of aqueous solution, it is nec-
essary to have 31 milliequivalents of strong acid or its equivalent
of metallic ion such as ferric iron present. Each millimole of
ferric iron liberates 3 milliequivalents of acid upon precipitating
as the hydrous oxide. If 0.6 gram of ferric iron were present, no
excess of mineral acid would be necessary. For each 0.1 gram of
ferric iron present, the amount of strong mineral acid present
should be decreased by 5 milliequivalents. However, 5 ml. of
pyridine wall precipitate quantitatively as much as 1.0 gram of
ferric iron from 100 ml. of solution containing no appreciable
excess of acid.

APPLICATIONS

The use of pyridine to separate quantitatively trivalent chro-
mium, iron, or aluminum from manganese, cobalt, and nickel; or
uranium from calcium, barium, and strontium, has been recom-
mended by Ostroumov (3). According to him, a sum of 0.1264
gram of the oxides of trivalent iron, chromium, and aluminum
may be quantitatively separated from a solution containing
about 0.02 gram of divalent manganese, cobalt, or nickel with less
than 0.2% coprecipitation of these ions with the mixed hydrous
oxides. Zinc, if present, divides between the precipitate and solu-
tion. Lingane and Kerlinger (2) more recently used a similar
procedure to separate ferric iron and chromic chromium from
copper, cobalt, and nickel before determining the last three ele-
ments polarographically.

One interesting difference was observed in the results of Ostrou-
mov and those of Lingane and Kerlinger. According to Lin-
gane and Kerlinger, trivalent chromium is separated only through
coprecipitation with the hydrous ferric oxide, while Ostroumov
found that trivalent chromium can be quantitatively precipitated
in the absence of iron.

The following factors undoubtedly account for this difference.
In Ostroumov’s experiments the precipitation was carried out
in a hot solution containing no appreciable amount of mineral
acid, while Lingane and Kerlinger added 24 milliequivalents of
hydrochloric acid before adding the pyridine to the cool solution.
In Ostroumov’s procedure the higher temperature is favorable for
the decomposition of the complex of chromic ion with pyridine
and the higher pH decreases the solubility of hydrous chromic
oxide.

EXPERIMENTAL

Reagents. Pyridine solution (1 to 2). Dissolve 50 ml. of
pyridine in 100 ml. of water.
Sodium bisulfite, 20 per cent. Dissolve 2 grams of sodium bi-

sulfite in 8 grams of water. Prepare a fresh solution daily.
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Table 1. Coprecipitation of Chromium with Hydrous Ferric Oxide
in Pyridine Separation
Experiment Chromium in  Ferric Iron in Chromium Remaining
No. Sample Sample in Filtrate

Mg. Mu. %
1 260 Crill 500 0
2 390 Crlll 500 1.76
3 1.00 CrVI 279.2 <4
4 1.3 CrVI 279.2 10
5 2.6 Crvi 279.2 16
6 5.2 CrVI 279.2 19
7 15.6 CrVI 279.2 31
3 26.0 CrVr 279.2 36
9 52.0 CrVI 279.2 41
10 20.8 CrvI 0 100

Pyridine Separation, Procedure |. Transfer the solution
containing no excess mineral aC|d to a 100-ml. volumetric flask,
add 1 ml. of sulfuric acid (I to 1) and dilute to about 80 ml.
Add 15 ml. of pyridine (1 to 2) slowly while swirling, dilute to
exactly 100 ml., and mix well. ~ Filter throu% a dry rapid filter
paper, such as Whatman No. 41, into a dry beaker. Transfer a
50-ml. aliquot to a clean I0OunL. volumetric flask and continue
according to Polarographic Procedure | (/) to determine man-
ganese as tri-dihydrogen pyrophosphatomanganiate.

Precipitation of Chromium by Pyridine. In a series of
experiments on the precipitation of chromic chromium in the
absence of ferric iron it was found that if no appreciable amount
of mineral acid was present when the pyridine was added, the
pH of the solution became large enough so that hydrous chromic
oxide was precipitated. However, the precipitate redissolved
during 16 hours of contact with the pyridine solution, forming a
rich green-colored complex with pyridine. When the final con-
centration of chromic ion exceeded approximately 0.01 M, the
precipitation was incomplete. This probably was due to the in-
creasing amount of free mineral acid liberated during the pre-
cipitation of hydrous chromic oxide. The pyridine separation,
thus, does not seem to be satisfactory for the separation of chro-
mic chromium in the absence of ferric iron or aluminum.

Table | shows the extent of coprccipitation of chromic chro-
mium with ferric iron. The chromium content of the filtrate was
determined polarographically. It is evident that as much as
200 mg. of chromic ion is quantitatively coprecipitated with 0.5
gram of ferric iron. This corresponds to a steel containing 34%
chromium, a much larger percentage than is generally encoun-
tered.

That chromate is only partially coprecipitated with hydrous
ferric oxide during the pyridine separation is shown by experi-
ments 3 to 9, Table I. Chromium must be reduced to the tri-
valent state in order to be quantitatively coprecipitated. This
is easily accomplished by adding a little sodium acid sulfite to the
solution. The excess sulfur dioxide is removed by boiling.

Coprecipitation of Vanadium with Hydrous Ferric
«Oxide. Using a sample containing 10 ml. of 0.1 M ammonium
metavanadate alone, no precipitate formed at all when the Pyri-
dine Separation Procedure | was carried out. The solution re-
mained yellow in color.

Samples containing 0.279 gram of iron as ferric nitrate and
from 0 to 76.4 mg. of vanadium as vanadate were prepared and
the pyridine separation was then carried out. The filtrate was
analyzed polarographically. No diffusion current due to vana-
date was observed in any of the solutions containing up to 61.1
mg. of vanadium corresponding to an atomic ratio for vanadium
to iron of 1.2 to 5. The qualitative hydrogen peroxide test also
showed the absence of the vanadate ion. When the amount of
vanadate was increased to 76.4 and 127.4 mg., the filtrate was
yellow-colored. The percentage of vanadate in the filtrate was
estimated colorimetrically to be 5 and 6%, respectively. It may
to concluded that as much as 18% vanadium (as vanadate) in
iron can be separated with hydrous ferric oxide during the pyri-
dine separation.
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Ferric vanadate is insoluble in neutral solutions but dissolves
readily if a small amount of mineral acid is added to the solution.
The above separation of vanadate is not, then, necessarily one of
coprecipitation. However, if a simple precipitation of ferric
vanadate occurred, one would expect a larger percentage of van-
adate to be precipitated. The fact that this is not the case indi-
cates that the vanadate is actually coprecipitated with the hy-
drous ferric oxide. The extent of coprecipitation is limited by
the low pH at which the hydrous ferric oxide is formed in the
pyridine buffer.

When the pyridine separation was carried out using a sample
containing only 25.8 mg. of vanadium, as sodium vanadyl sulfate,
a finely divided grav-green precipitate formed which was difficult
to separate by filtration. By a polarographic determination, it
was established that 92% of the vanadyl ion was precipitated.

Since vanadyl ion is partially precipitated even in the absence
of iron, it should be largely eoprecipitated with ferric iron. The
pyridine separation was employed using samples containing 0.1
gram of iron as ferric, nitrate and 5.1 to 127.4 mg. of vanadium as
sodium vanadyl sulfate. No vanadyl ion was detected in the
filtrate polarographically or colorimetrically. It is evident
that the amount of vanadyl ion coprecipitated with ferric iron
may even be greater than the amount of ferric iron precipitated.

Coprecipitation of Cerium with Hydrous Ferric Oxide.
The pyridine separation was employed using samples containing
14to 140 mg. of cerium as eerie sulfate and 279 mg. of iron as ferric
nitrate. No cerium was detected in the filtrate, showing that as
much as 33% of cerium in steel can be coprecipitated during the
pyridine separation, provided it is present as eerie ion.

However, if a reducing agent were added to reduce chromium
and vanadium, any cerium would finally be present as cerous ion.
Accordingly, the extent of the coprecipitation of cerous ion with
hydrous ferric oxide was determined.

Samples containing 14 to 140 mg. of cerium as cerous sulfate
and 279.2 mg. of iron as ferric nitrate were treated according to
Pyridine Separation Procedure | and then analyzed polarograph-
ically. No cerium was found in the filtrate from samples con-
taining 70 mg. or less of cerium. However, when the amount of
cerium was increased to 140 mg., the cerium was no longer quan-
titatively coprecipitated. As much as 70 mg. of cerous cerium can
be separated with 279.2 mg. of ferric iron during the pyridine
separation. This corresponds to 20% of cerium and is a much
larger percentage than is generally employed even in special ce-
rium steels.

Coprecipitation of Manganese with Hydrous Ferric
oxide. If a 50-ml. aliquot of the pyridine filtrate is taken for
the determination of manganese by Polarographic Procedure |
(/), 2.5 ml. of pyridine remain in the sample to be determined.
It was found that the pyridine introduced did not interfere with
the formation of the violet tri-dihydrogen pyrophosphatoman-
ganiate ion. However, the average current per millimolar con-
centration of tri-dihydrogen pyrophosphatomanganiate was 2.0%
lower than the value obtained in the absence of pyridine.

To determine whether manganese was appreciably coprecipi-
tated, a series of experiments (Table 11) was performed using
samples containing 0.8 gram of iron as ferric nitrate with various
amounts of manganese as manganous sulfate. In experiments
7 through 12, 0.8 gram of pure iron was dissolved in 20 ml. of
nitric acid (1 to 3) and the excess acid was neutralized with am-
monium hydroxide. Pyridine Separation Procedure | and Po-
larographic Procedure | were then employed (1). To determine
if manganese was lost by coprecipitation, a series of control ex-
periments was carried out in the same manner, except that the
manganese was not added until after the precipitation and sepa-
ration of hydrous ferric oxide. Comparing the true diffusion
currents obtained with the manganese added before and after
the pyridine separation it may be observed that the current was,
within experimental error, the same. These results substantiate
Ostroumov’s (3) observation that the loss of manganese due to
coprecipitation with hydrous ferric oxide by the pyridine method
is extremely small.
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Behavior of Ferrous Iron in Pyridine Separation.
Some ferric iron may be partially reduced if sodium bisulfite is
added to reduce chromate. The behavior of ferrous iron during
the pyridine separation is not important in the polarographie
procedure for the determination of tri-dihydrogen pyrophos-
phatomanganiate but may be of importance if a quantitative
separation of iron is desired. A sample containing 55.8 mg. of
iron as ferrous sulfate yielded no precipitate at all when the py-
ridine separation was used in an atmosphere of carbon dioxide.
To determine if ferrous iron is coprecipitated with ferric iron,
the pyridine separation was employed using 10 ml. of 0.1 N
ferrous sulfate solution and 5 ml. of 1 M ferric nitrate solution.
Titration of an aliquot of the filtrate with 0.1 A potassium dichro-
mate showed that ferrous ion, like manganous ion, is not copre-
cipitated with hydrous ferric oxide during the pyridine separa-
tion. Any ferrous ion formed during the reduction with sodium
bisulfite can be oxidized by boiling the solution which contains a
little nitric acid.

Simultaneous Separation of Iron, Chromium, Vanadium,
and Cerium from M anganese. It has been shown that the
vanadyl, vanadate, eerie, cerous, and chromic ions are quantita-
tively precipitated with an excess of ferric iron during the pyri-
dine separation of hydrous ferric oxide. Chromate, however,
divides. In order to ensure the quantitative separation of these
ions, the dichromate ion in particular, some reducing agent must
he added. Addition of a little 20% sodium bisulfite solution in-
stantly reduced the dichromate in a slightly acid solution. The
vanadate was reduced upon warming the solution. The addi-
tion of sodium bisulfite, furthermore, is desirable to effect the
solution of any manganese dioxide which may have precipitated
during the solution of the sample and aids in the removal of any
excess of oxidizing agent added during the, solution of the sample.

That the separation of chromium as well as vanadium and
cerium with hydrous ferric oxide was quantitative if sodium bi-
sulfite was used as a reducing agent was shown in the following
experiment. A sample containing 5 ml. of 1 M ferric nitrate, 5
ml. of 0.05 M potassium bichromate, 5 ml. of 0.1 M ammonium
vanadate, and 2 ml. of 0.1 M eerie sulfate was transferred to a
100-ml. volumetric flask. One milliliter of 20% sodium bisulfite
was added and the solution was boiled for a few minutes. The
pyridine separation was employed and the solution was then
analyzed according to Polarographie Procedure | (1). Since
on(lf/ the residual current of —0.07 microampere was obtained at
+ (0.1 volt vs. the saturated calomel electrode using capillary |
() the separation of chromium, vanadium, and cerium with” hy-
drous ferric oxide was quantitative.

That the simultaneous separation of chromium, vanadium, and
ferric iron does not result in loss of manganese was shown in a
series of experiments using solutions corresponding to a chrom-
vanadium cobaltsteel. The following comprised the sample:

5 ml. ot <\1fFe(NOi)(j)containing 279.2 mg. or 60 to 77% of Fe

5 ml. of 0.05 M KsCrjOj containing 26.0 mg. or 5to 7% of Cr

oml.of0.1 M NH.VOi containing 25.5 ing. or 5 to 7% of V

5ml. of 0.1 M Co(NOj)s containing 29.5 mg. or 6 to 8% of Co

Various volumes of O.t M MnSO. containing 2.2 to 110 mg. or
0.6 to 23% of Mn

Table Il. Coprecipitation of Manganese with Hydrous Ferric Oxide

[Pyridine SergJaration Procedure | and Tri-dihydrogen Pyrophosphato-

nianganiate olaro%raphie Procedure 1 (l). Capillary I, —

1.314 mg.=">sec.~1/1. av. id per millimolar concentrated Mnlll = 151
microamperes at +0.1 volt (S.C.E.)]

Experiment Final Mnlll  Time of Addition
Sjo of Mn

Mn Taken  Mn Foui
M.illimolar Mg. Mg.

1 0.5 Before ppt. 2.75 2.73
2 0.5 After ppt. 2.75 2.77
3 2.0 Before ppt. 10.98 10.91
4 2.0 After ppt. 10.98 11.01
5 5.0 Before ppt. 27.4G 27.73
G 5.0 After ppt.” 27.46 27.76
7 0.5 Before ppt. 2.75 2.73
8 0.5 After ppt. 2.75 2.80
9 4.0 Before ppt. 21.97 21.82
10 4.0 After ppt. 21.97 21.80
1 5.0 Before ppt. 27.46 27.35
12 5.0 After ppt. 27.46 27.43
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The sample was transferred to a 100-ml. volumetric flask and
5 ml. of nitric acid (1 to 3) were added. One milliliter of 20%
sodium bisulfite was added and the solution was boiled several
minutes to expel the sulfur dioxide and reoxidize any ferrous iron.
After neutralizing the excess acid with ammonium hydroxide,
Pyridine Separation Procedure | and Polarographie Procedure
| were employed. The results in Table 111 show that no man-
ganese within experimental error was lost due to coprecipitation.

Tabic 111 Separation of Manganese from Hydrous Ferric Oxide
and Interfering Elements

(Using samples corresponding to a chromium vanadium cobalt steel. Sodium
acid sulfite reduction -f = - — A °

— n--
Pyrophosphatomanganiate Polarographie

cedurc | and Tri-dihydrogen
Procedure 1,1)

Final M nlll Mn Taken Mn Found

Millimolar Mu. Mg.
0 2.20 2.18
0.2 2.20 2.18
0.5 5.49 5.47
1.0 10.1 10.0
2.0 20.2 20.4
5.0 54.9 55.2
10.0 109.8 109.4

SUMMARY

Vanadyl, vanadate, eerie, cerous, and chromic ions are quan-
titatively coprecipitated with an excess of ferric iron when hy-
drous ferric oxide is precipitated by the use of the weak organic
base, pyridine. Chromate, however, divides between the pre-
cipitate and filtrate. Manganous ion, as well as ferrous ion, re-
mains quantitatively in the filtrate. Pyridine is well suited for
separation of the interfering metals, vanadium, chromium, ce-
rium, and a large excess of iron from manganese prior to the po-
larographic determination of manganese as tri-dihydrogen
pyrophosphatomanganiate.

The separation of hydrous chromic oxide in the absence of
ferric iron is quantitative only under special conditions, because
chromic ion forms a soluble green-colored complex ion with pyri-
dine. However, in the presence of at least a twofold excess of
ferric iron by weight, the coprecipitation of chromic ion with
hydrous ferric oxide is quantitative. During the precipitation of
hydrous ferric oxide, chromate ion in all proportions divides be-
tween the filtrate and precipitate. The loss of chromium in this
way was prevented by the addition of a little sodium bisulfite
solution followed by boiling with a little nitric aeid to remove the
excess sulfur dioxide and reoxidize any ferrous iron.

In the absence of ferric ion, vanadyl ion is incompletely sepa-
rated as a finely divided gray-green precipitate. In the presence
of even a smaller amount of ferric iron by weight the coprecipita-
tion of vanadyl ion is quantitative. Vanadate ion is quantita-
tively .coprecipitated with hydrous ferric oxide if the weight of
ferric iron is over four times greater than that of vanadium.

Ceric ion is quantitatively eoprecipitated with hydrous ferric
oxide. Cerous ion likewise is quantitatively coprecipitated with
hydrous ferric oxide, provided the weight of ferric iron is four
times greater than that of the cerous ion.

The excellent separation of the hydrous oxides from manganous
and ferrous ions is explained by the fact that the solution is
weakly acidic during the precipitation and by the ability of pyri-
dine to form complex ions with manganous ions as well as ferrous
(cobaltous, and nickelous) ions.
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Determination of Vitamin A and Carotenoids in Butterfat

Spectroscopic Characteristics of Butterfat Fractions and Problems Involved
in Biological Interpretations

F. P. ZSCHEILE, R. L. HENRY, J. W. WHITE,Jr.,H. A. NASH, C. L. SHREWSBURY, and S. M. HAUGE
Purdue University Agricultural Experiment Station, Lafayette, Ind.

Results of tests made with modifications of the saponification and
ether-extraction procedure (8) for determination of vitamin A in
butterfat are reported, with a discussion and partial interpretation of
the spectroscopic characteristics of such ether extracts.

SINGLE method for the direct spectroscopic determina-
N(t)ion of vitamin A in butterfat has been generally employed.
A related application of spectroscopic methods {!) to the study
of the vitamin A content of milk has been made by Dornbuseh,
Peterson, and Olson (3). However, little has been done in the
study of errors involved with different butterfat samples or the
correlation of spectroscopic data with biological assays.

In experiments in cooperation with the Technical Committee
on Vitamin A Researches (8), a procedure of saponification and
extraction with etlier was developed. Details for spectrophoto-
metric application have been reported {IS). This paper reports
the results of tests made with modifications of this procedure and
presents a discussion and partial interpretation of the-spectro-
scopic characteristics of such ether extracts. Attempts -were
made to correlate results calculated from direct spectroscopic
edata with those of the biological method in the case of samples
{6, 7) which had been assayed by the rat-growth method.

EXPERIMENTAL

Since 8-carotene and vitamin A per se are responsible for prac-
tically the entire vitamin A potency of normal butter, the analyti-
cal problem is primarily the determination of these two com-
pounds in the presence of related carotenes and carotenols. The
carotene content is no indication of the vitamin A alcohol con-
tent; hence, for direct determination of vitamin A, ultraviolet
spectrophotometry of an extract is necessary.

Clarification of butter samples consisted of filtration of the
melted fat through filter paper at 55° C. during 2 to 3 hours, to
remove water and salt.

Carotenoids were estimated from absorption values at 4370 and
4360 A., which are the coincident points for the absorption curves
of 8- and neo-8-carotenes in ether {15) and hexane (8), respec-
tively, Wave lengths 4525 and 4675 A. are of possible utility in
the estimation of individual carotenoids (see Figures 1 and 2).
They may be used with most spectrophotometers with a mini-
mum possibility of error due to inexact wave-length calibration
or to wide spectral regions isolated because the maximum of 8-
carotene-occurs at 4525 A. and the minimum of 8-carotene at
4675 A. [also near the flat region of the neo-8-carotene curve (8)].

The nature of the carotenoids found in butter is dependent
largely upon the feed of the cows, as pointed out by Strain {13)
and others. In Figure 1 are representative characteristic curves
of the total carotenoids found in the butters studied. Sample 106
was specially churned at the Purdue creamery. The standard
curves of 8-carotene and its isomer neo-8-carotene (8) are in-
cluded for reference.  [This neo-8-carotene fraction probably con-
sists largely of the isomer designated, by Polgdr and Zeclimeister
{10) as neo-8-carotene B.] All curves were placed to coincide
at 4370 A. It is noted that curve 8 is characterized by higher
relative absorption than curve 7 in regions near 4000 and 4250 A.,
which is in agreement with similar observations of Strain {13).

To obtain a characteristic absorption curve of the total carot-
enoids with a minimum amount of induced isomerization, a butter

190

sample from a cow fed a carrot-root carotene supplement was
simply dissolved in ether, washed with water, dried with sodium
sulfate, and filtered. The characteristic curve showed evidence
of the presence of a-carotene and was very close to absorption
curves of the ether extract after saponification, in spite of solvent
differences due to the large amount of fat present. In this ex-
periment a 7-cm. thickness was studied spectroscopically by com-
paring an 8-em. cell with a I-cm. cell, both filled with the butter-
fat solution to avoid differences in apparent absorption due to
refractivity differences.

Another butterfat, 106, w-as dissolved in hexane, and washed
free of carotenols with 94% diacetone alcohol (8). The charac-
teristic curve (Figure 2) of the resultapt carotene fraction cor-
responded well between 4360 and 4950 A. with that of a mixture
of 8-carotene and_ neo-8-carotene. Upon analysis for these
two components (8) the percentage of 8-carotene was 77.1 at
4780 A. and 79.1 at 4850 A Adsorption of this solution on
columns of magnesia and alumina indicated the presence of two
or more pigments. Figure 2 includes curves of the carotene frac-
tion from each type of silage butter and from referee sample No. 3
{15), all of which were prepared by evaporating the ether extract
almost to dryness, dissolving in hexane, and finally washing with
92% 'z&queous methanol. All curves were placed to coincide at
4360 A.

Vitamin A weas estimated from the absorption value at 3240 A
which is the absorption maximum of vitamin A alcohol in ether
solution {15). The characteristic curves of Figure 3 were arbi-
trarily placed to coincide with the standard curve of vitamin A
alcohol at 3400 A. The carotenoid content of butterfats is sub-
ject to wide variation and carotenoids other than 8-carotene are

Figure 1. Absorption Spectra of Total Carotenoids in Ether Solution

106. Winter creamery butter, no artificial color added
7. Butter from cow fedalfalfa hay
8. Butter from cow fedcarrot-root carotene supplement
AB-3. Butter fromcow fedalfalfa-brome  silage
CS-3.  Butter from cow fedcom silage
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Figure 2. Absorption Spectra of Carotene Fractions in Hexane
Solution

106. Winter creamery butter, no artificial color added
AB-3. Butter from cow fed alfalfa-brome silage
CS-3. Butter from cow fed corn silage

usually present. The ultraviolet absorption characteristics of
such miscellaneous carotenoids have not been established.
Colorless materials which absorb in the ultraviolet region prob-
ably also accompany vitamin A in the ether extract. Accurate
corrections at 3240 A. for absorption by carotenoids and other
substances in such extracts are impossible at present. The
necessity for some correction, even though it be somewhat arbi-
trary, is indicated by the curves of Figure 3, some of which agree
fairly well with that of vitamin A below- 3400 A. They are in-
variably higher than the vitamin A curve at longer wave lengths,
in part because of different carotenoid contents. Sample B3 was
almost colorless and was obtained from a cow fed on a ration lack-
ing carotenoids but supplemented with vitamin A in the form of a
fish liver oil concentrate.

Reliability op Experimental Procedure (8,15).Saponi-
fication Time. A sample of commercial butter wasclarified and
saponified with aqueous metlianolic potassium hydroxide in
duplicate for 5, 10, 15, and 30 minutes. The eight absorption
values of the ether extracts were constant to =*=25% at 3240 A.
and to =1% at 4500 A. A 15-minute saponification with ethan-
olic instead of methanolic potassium hydroxide gave essentially
the same result. Methanol is preferred because It is more stable
with potassium hydroxide.

Number of Ether Extractions. Successive ether extracts were
examined spectroscopically to determine their relative effective-
ness in the removal of carotenoids and vitamin A. A rendered
creamery butter with no artificial coloring matter was used.
The first extract (100 ml.) removed 70% of the substance absorb-
ing at 3240 A. and about 91% of the carotenoids. The second
extract §50 ml.) accounted for 20% additional absorption in the
ultraviolet and removed all the remaining carotenoids. The
third extract (50 ml.) accounted for 6.5% ultraviolet absorption
and the fourth extract of 50 ml. left in the hypophase no appre-
ciable quantity of material absorbing at 3240 A

Effect of Ordinary Laboratory lllumination. Commercial butter
was clarified and analyzed in duplicate in two kinds of glassware,

in one case, all manipulations were done in amber glassware
(Kimble amber laboratory glassware), as recommended by Em-
bree (4); in the other, ordinary Pyrex ware was used. Results

on the two samples agreed within 1% in both the visible and ultra-
violet regions, indicating that ordinary diffuse laboratory light
does not affect the spectroscopic values obtained under these
conditions. Absorption values of pure vitamin A in ethanol
solution were not Chf ged by fairly intense irradiation from anin-
candescent source {l14.
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Sampling Error. Many duplicate determinations made dur-
ing this study indicate that butter is easily sampled after removal
of water and salts. The surface butterfat exposed to air was
avoided when possible. Spectroscopic results were easily dupli-
cated with differences of 1 % or less.

Recovery of Added Vitamin A. Two samples of pure vitamin
A alcohol (0.325 mg.) were carried through the entire analytical
procedure in the absence of butterfat. The resultant extract had
a characteristic curve identical with that of vitamin A and a
spectroscopic recovery of 93 ==1% was obtained. In another ex-
periment, 3 mg. of crystalline vitamin A alcohol were dissolved in
30 grams of melted butterfat that was very low in carotenoids.
One gram of this butterfat-vitamin mixture was then diluted ten-
fold with more melted butterfat. After analysis the absorption
values of the butterfat sample alone were subtracted from those
of the enriched sample (in duplicate). Characteristic absorption
curves that agree well with those of pure vitamin A alcohol were
thus obtained. Recoveries of 97.0 to 95.5% were calculated. A
similar experiment was performed on duplicate samples of a but-
terfat (sample 7) rich in carotenoids. Exact duplication of the
characteristic vitamin A curve was obtained in this case. Re-
coveries of 99.4 and 94.2% were calculated.

Stability of Extracts. The ether solutions from sample 7 were
examined spectroscopically after 2 weeks in cold storage at 4° C.
While no change, qualitative or quantitative, was detected in the
region above 4000 A., a general decrease in absorption was found
below_ this wave length. This decrease amounted to 9% at
3240 A. A decrease of similar magnitude in 30 horns was noted
in the extract from a relatively “colorless” sample. These re-
sults are typical and indicate the necessity for prompt spectro-
scopic readings in the ultraviolet, whereas observations in the
visible region may be considerably delayed if extracts are stored
under the proper conditions.

Attemptsto Improve U Itraviolet Characteristic Curves.
Attempts were made to reduce the general absorption in the
ultraviolet by purification of the vitamin A extract through re-
moval of interfering substances.

Clarification. The authors’ observations indicate that spectro-
scopic data on butters in the visible region may be converted to
the butterfat basis by multiplying by the factor 1.20, as calcu-
lated from carotenoid absorption in the visible region. This is
presumably due only to the removal of water and salt as colorless
material by clarification. Clarification also removes certain
materials which absorb in the ultraviolet, and the corresponding
correction factor at 3240 A. was ca. 1.35 for the three samples
examined. It is advisable to clarify samples of butter before
analysis because such materials may not be uniform in all butters
and because the analytical data are thus placed on the fat basis,
making variations in water or salt content unimportant.

Adsorption. When the ether extract was passed through a
10-em. (4-inch) column of maguesia-Supercel (50-50) and the
ether percolate made to volume, no change was noted in the ab-
sorption spectrum of the carotenoids in the visible region, or in
the quantity of total carotenoids present. The ultraviolet ab-
sorption, however, increased about 10% at 3240 A.

Treatment of a “colorless” butterfat with Lloyd’s reagent,
which has been used to decolorize butters and remove vitamin A
{12), failed to'provide a base curve which could be interpreted as
representative of the general absorption—i.e., other than that
represented by vitamin A. The difference between the butterfat
curve and that of decolorized fat did not approach the curve of
vitamin A.

Acid Extraction. When the final ether solution from sample
106 was extracted with 0.5 N hydrochloric acid, followed by 0.5 N
sodium hydroxide and water, a small decrease in ultraviolet
absorption occurred and small changes (perhaps isomeric) were
found in the visible absorption.

Freezing. The ether extract was chilled in a diy iee-acetone
bath and rapidly filtered on a cold filter in an effort to freeze out
impurities. A 14% decrease occurred in the absorption value at
3240 A. but the decrease was general in the ultraviolet and, there-
fore, no improvement in the characteristic curve resulted.

Stability of Carotenoids in Stored Samples. Ten months
after the first spectroscopic observations, referee samples 6 {16)
and 7 (both keptat —20° C.) were re-examined. For the former
sample, the 4370 A. absorption remained constant but the value
at 4780 A. decreased 5%. In the case of sample 7, however, the
absorption at 4370 A. decreased 5% but that at 4780 A. decreased
28% and the resultant characteristic curves of the total carot-
enoids and the carotene fraction from this sample now resembled
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those from CS-3, a silage butter. The cause of these changes
was not investigated, but it is evident that the carotenoids in
butterfat may undergo considerable change with time, even at
low storage temperatures. Isomerization may be involved.

Correlation between Spectroscopic and Biological Re-
sults. Twenty-four samples were assayed biologically by the
rat-growth method. Fourteen relatively “colorless” samples
were produced from two cows fed rations lacking in carotenoids
but supplemented by various amounts of vitamin A in the form
of a fish liver oil concentrate. Ten samples of yellow butter
were from cows fed alfalfa hay or a diet supplemented by various
amounts of carrot-root carotene (7). All samples were stored at
—20° C. Unfortunately, the time intervals (1 to 21 months)
were rather great between the dates of churning and the spectro-
scopic observations.

The vitamin A activity of the relatively “colorless” samples is
attributed almost exclusively to vitamin A per se, derived from
cod liver oil of the ration supplement. Corresponding values of
E\ (observed on unclarified butters) were corrected for water
and salt content by multiplication of the observed value by 1.35
and for general absorption by 0.78, a factor discussed previously
(15). The vitamin A contents corresponding to such absorption
values were calculated on the assumption that the corrected ab-
sorption in the ultraviolet was due to vitamin A alcohol (E\ =
1825 at 3240 A).

Most of the samples high in carotenoids were clarified before
analysis; for such samples the ultraviolet absorption values were
simply multiplied by the factor 0.78 before calculation of vitamin
A content, and total carotenoids were determined from absorp-
tion measurements at 4370 A. (15). The total carotenoid con-
tent was divided by 2 (9) and added to the vitamin A content.

With neither set of butters were spectroscopic calculations
sufficiently well correlated with biological results to establish a
clear cut relationship. When a line was drawn through the ori-

Figure 3. Ultraviolet Absorption Spectra of Ether Extracts

106. Winter creamery butter, no artificial color added
7. Butter from cow fed alfalfa hay

8. Butter Fromcow fed carrot-root carotene supplement
AB-3. Butter fromcow fed alfalfa-brome  siiage
CS-3. Butter From cow fed com silage
B-3. "Colorless" butter from cow fed on ration lacking carotenoids

gin to approximate the median line, individual samples of
“colorless” butters deviated from this line a maximum of 20%,
with a mean absolute deviation of 10%. Waith the yellow series,
it was apparent that the two very different types of rations make
a separate treatment desirable with regard to correction factors.
Deviations from median lines similar to those from the “colorless”
series could be obtained.

DISCUSSION

The varied nature of the curves for total carotenoids from
different types of butter (Figure 1) and the changes which carot-
enoids may undergo during storage make difficult the optical es-
timation of the particular carotenoids that have vitamin A po-
tency. The wave length 4370 A. appears to be the best choice for
total carotenoid estimation, at least until more detailed spectro-
scopic data are available on the various individual carotenoids
present and on such of their isomers as may occur in butter.

It is reasonable that a measure of total carotenoids, such as ob-
tained by the use of wave length 4370 A., should be inadequate
in itself and should require a correction factor, the magnitude of
which is dependent on the dietary source of the carotenoids.

Carrot-root carotene contains large amounts of a-carotene, and
some 7-carotene in addition to /3-carotene, as well as appreciable
quantities of other carotenoids, while alfalfa hay contains /3
carotene, various carotenols, and decomposition products of caro-
tenoids. Recent developments in the application of isomeriza-
tion methods to the study of carotenoids (2, 10) show the com-
plexity of this problem.

The rather high content of carotenols found in the referee but-
ters (16) causes the carotene fraction to be considerably more
significant than the total carotenoids from the standpoint of
measurement of vitamin A potency. It is possible that measure-
ments on the carotene fraction would have required smaller cor-
rection factors than were applied to the total carotenoid absorp-
tion.

It is noted in Figure 2 that the curves for sample 106 and
referee sample 3, creamery butters of January and July, respec-
tively, are very close together and approximate the curve of a
mixture of /3-carotene and neo-/3-carotene. Indeed, the charac-
teristic curves for all six referee samples, taken at intervals
throughout the year, were remarkably similar in both the ultra-
violet and visible regions. Clarification and hot saponification
may promote isomerization of /3-carotene but it is not unlikely
that neo-0O-carotenes occur naturally in butterfat. Strain re-
ported no spectroscopic change in the carotenoid spectrum after
heating 3 hours at 50° C. during clarification (13). It is evident
that the carotene fraction of butters from silage-fed cows is
qualitatively different from those of butters from other sources,
in agreement with previous work on this subject (11).

Ultraviolet characteristic curves of ether extracts from some
butterfats show a decreasing (or at least not greatly increasing)
absorption below 3240 A. Most of the interfering absorption in
this region may be due to carotenoids. Removal of the carotenol
fraction from referee sample 3 by 90% methanol decreased the
ultraviolet absorption very much. However, the ultraviolet
characteristic curve of the carotenol fraction (after transference
to ether) did not resemble that of vitamin A any more closely
than did the curve of the original ether extract.

Numerous other methods of handling the data were tried in an
attempt to obtain a straight-line relationship which would result
in smaller deviations, but no better results were obtained. 5
the ease of the butters of the yellow series, the carotenoids were
treated as a mixture of /3-carotene and neo-/3-carotene. Addi-
tion of the calculated /3-carotene content (after division by 2) to
the vitamin A content gave no better correlation. The maximum
deviations for these samples are smaller than those reported by
Fraps, Kemmerer, and Meinke (5), who applied corrections of a
somewhat similar nature to butters.
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Efforts to obtain agreement between spectroscopic and bio-
logical results with six silage butters failed completely. The
pigment system in such butters is too complex to permit a similar
interpretation at the present time. This is recognized as a seri-
ous objection to the use of this method at present. Considerable
improvement is needed before this method can be successfully
employed on butterfats from cows on different diets, even for
comparative purposes.

The calculation method presented above was based on nu-
merous assumptions which are not necessarily better than others
that might well be made. The necessity for such assumptions
arises from the great complexity of the problem and the multitude
of factors which interfere with a direct and simple spectrophoto-
metric determination of vitamin A-potent substances in butter-
fat. Errors inherent in the biological method must also be con-
sidered in such correlations as were attempted here. An exact
statistical treatment of the data was not considered profitable
because of the many sources of error involved. It is hoped that
these observations may be of assistance in the final development
of a more direct treatment and more general application of ab-
sorption data to obtain contents of vitamin A-potent substances
in butterfats. The extraction procedure employed is considered
adequate and reliable. Further fractionation appears desirable,
especially the separation of vitamin A from other carotenoids.

SUMM ARY

Samples of butterfat produced under different dietary condi-
tions were studied by the direct spectroscopic method. Total
carotenoids were estimated and ultraviolet measurements were
made on the unsaponifiable fraction. Characteristic curves of
the total carotenoids and of the carotene fraction from very light
“colorless” butters, yellow butters, and butters from cows fed
alfalfa-brome grass and corn silages, were compared with that of
0-carotene. Corresponding curves of the unsaponifiable fraction
in the ultraviolet region were compared with that of vitamin A.

Effects of clarification, adsorption, acid extraction, and freez-
ing upon the characteristic curves were studied, as well as various
factors affecting the reliability of the experimental procedures.
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Twenty-four samples were assayed biologically and attempts
made to correlate spectroscopic with biological values. No
clear-cut relationship could be established. The feed of the cows
has a great influence on the nature of the carotenoids present in
the butterfat. More extensive purification of the vitamin A frac-
tion is desirable for the successful application of direct spectro-
photometry to the determination of vitamin A in butterfats.
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Adaptor for Angle Centrifuge Tests

W. E. BAIER, California Fruit Growers Exchange, Research Department, Ontario, Calif.

COMMONLY used laboratory centrifuge is the Interna-
A tional, usually fitted with tubes or cups swinging on trun-
Other types hold the tubes in some fixed inclination rela-
The patented angle centrifuge as

nions.
tive to the axis of rotation.

ctng/e col/lar
a/f. An /ron

fie rod
/if /n. iron

supplied by Ivan Sorvall employs angles up to 50° and for certain
classes of work-offers advantages of speed and efficiency as com-
pared with the trunnion cup type. The International Equip-
ment Co. offers interchangeable angle heads.

Any laboratory already equipped with an ordinary centrifuge
may readily improvise the means for testing the efficacy of the
angle centrifuge in some particular application and thereby justify
the investment in the second machine. Under present conditions
the improvised equipment may well suffice for regular operation
where a two-tube angle centrifuge is adequate. In some work it
is advantageous after angle centrifuging to transfer the tubes to
the ordinary pivoted trunnions, thus to compact a precipitate at
the bottom of the centrifuge tube. Routine simultaneous treat-
ment by pairs in this manner is conveniently accomplished with
the present device.

The sketch shows the construction of a simple adaptor which
was made for conducting tests with a size 2 International centri-
fuge, No. 241 centrifuge head, No. 310 trunnion rings, and No.
302 bronze tubes. When the adaptor is rested upon the two op-
posite trunnion rings and the No. 302 bronze tubes are inserted
in the collars and trunnion rings, the system becomes rigidly po-
sitioned and is ready for operation as an angle centrifuge.



Titrimetric Determination of Zinc
Application to Alloy Analysis

PHILIP J. ELVING1AND JOHN C. LAMK1NZ2 Purdue University, Lafayette, Ind.

The purpose of the work described was to develop a rapid control
method for the determination of zinc in alloys and ores. The pro-
cedure consists of precipitation of zinc as the oxalate in aqueous
acetic acid solution, centrifugal separation of the precipitate,
solution of the precipitate in sulfuric acid, and titrimetric determina-
tion with standard permanganate solution of the oxalic acid formed.
The application of the method to alloys and concentrates is described.

E principal purpose of the work described in this paper was
-I-:_:) develop a rapid control method for the determination of
zinc in alloys, which might be used in place of the phosphate
method. It was believed advisable to determine zinc in its cus-
tomary position in the procedures usually used for alloy analysis.
There has been no attempt to change the methods of determina-
tion of the other elements; only an attempt to simplify and
shorten the zinc determination.

Since oxalate precipitates have two very desirable properties—
namely, ease of ignition and applicability to permanganate titra-
tions—the possibility of obtaining a zinc oxalate precipitate was
investigated. The simplicity and speed of the titration of oxalic
acid by permanganate solution were the factors which led to the
choice of such a titration as a rapid method for the final deter-
mination of the zinc. A study was also made of the use of the
centrifuge as an aid in the separation and washing of the zinc
oxalate precipitate. The technique of the method as finally de-
veloped was largely based on that used by Elving and Caley (6)
for the determination of magnesium.

The most important methods used for the separation of zinc are
probably the precipitation of the zinc as the ammonium phos-
phate or as the sulfide.

The precipitation of zinc as the ammonium phosphate, Zn-
NHfPO,, is accomplished by adding a large excess of diammohium
hydrogen phosphate to a neutral solution containing a high con-
centration of ammonium salts. The zinc ammonium phosphate
precipitate can be weighed as such by drying at 105° to 110° C.,
or it may be changed to zinc pyrophosphate, Zn2? 2 7, by ignition
at 900° C. This method is used for the determination of zinc in
brasses and bronzes. The procedure for analysis requires that
the tin, lead, and copper be first removed as stannic oxide, lead
oxide or sulfate, and copper. If iron is present, it is precipitated
as the hydroxide and filtered off. Zinc Is then determined in the
filtrate.

The precipitation of zinc sulfide is very often used in the
analysis of ores. Zinc can be separated from aluminum, iron,
cobalt, nickel, manganese, and chromium by saturating a buffered
solution of the ions with hydrogen sulfide. The solution must
have a pH ranging irony2 to 3; several buffering systems have
been proposed for obtaining this hydrogen ion concentration
(5, 7,9-12). The sulfide precipitate may be converted to the ox-
ide by i?nition at 800° to 900° CL, to the sulfate by dissolving in
hydrochloric acid and evaporating with sulfuric acid, or to the
pyrophosphate by solution and precipitation. It may be
weighed as zinc sulfide after special treatment or its zinc content
may be determined titrimetrically as subsequently described.

The electrolytic separation of zinc is best accomplished in a
solution which has been made slightly acid with acetic acid and
contains a considerable amount of sodium acetate. Alkaline
solutions tend to give high results, due to the presence of zinc
oxide or hydroxide deposit. The electrolytic methods, because
of the special equipment needed, the experience and care neces-
sary to get reliable results, and the unavoidable errors involved,

1Present address, Publicker Commercial Alcohol Co., Philadelphia, Pa.
5Present address, Monsanto Chemical Co., St. Louis, Mo.

are often less desirable than the sulfide or the ferrocyanide
method.

The most commonly used titrimetric method for the determina-
tion of zinc is the one in which a standard solution of potassium
ferrocyanide is used as the titrant.

The zinc is first separated from the other interfering ions in
solution by precipitation with hydrogen sulfide. The sulfide
ﬁrecipitate is dissolved in dilute hydrochloric acid, and the
ydrogen sulfide is expelled by boiling. The solution is made
neutral with ammonium hydroxide and then acid again with
dilute hydrochloric acid. After addition of ferrous sulfate the
solution is titrated with a standard potassium ferrocyanide solu-
tion. Zinc is precipitated according to the following reaction:

3Zn++ + 2K+ + 2Fe(CN)6 = K,Zn,[Fe(CN)e],

Several indicators have been employed for this titration.
Uranyl nitrate, ammonium molybdate, or ferric chloride is often
employed as external indicator. The preferable internal indi-
cators are diphenylamine, diphenyl benzidine, or sodium di-
phenylamine sulfonate.

In connection with their determination, several elements have
been precipitated as the oxalate. Calcium is almost universally
determined in limestones and cements by the precipitation of cal-
cium oxalate in an ammoniacal or acetic acid-buffered solution.
In an aqueous medium a great many metallic oxalates appear to
form complex oxalate ions which can be broken up with the re-
sulting precipitation of the metallic oxalate by the addition of a
relatively large volume of acetic acid (3, 4, 6, IS, 14,15).

Zinc oxalate was precipitated by Classen (4) in the following
manner:

A large excess of potassium oxalate and an equal volume of
acetic acid were added to the solution containing zinc, iron, and
aluminum nitrates. After standing at about 50° C. for 6 hours,
the precipitate was filtered and washed with a solution containing
equal volumes of acetic acid, ethyl alcohol, and water. The zinc
oxalate was converted to zinc oxide by heating for several minutes
at red heat. The oxide was weighed. Nass (13) repeated Clas-
sen’s work.

Ward (lo) precipitated zinc oxalate from an acetate solution by
adding 2 grams of oxalic acid and a volume of acetic acid equiva-
lent to the volume of zinc acetate solution present. The solution
was allowed to stand overnight and was then filtered through a
mat of ashestos on a Gooch crucible. The zinc oxalate was dis-
solved in dilute (1 to 4) sulfuric acid and the resulting solution
was then titrated with potassium permanganate solution.

In these studies the necessary conditions for successful precipi-
tation were not sufficiently studied and the practical application
of the method was not described.

REAGENTS AND APPARATUS

Reagents. Baker’sc.p. acetic acid was used; its purity was
found by evaporating 50 ml. of the acid in a platinum dish. One-
tenth of a milligram of residue was found after ignition in a
muffle furnace at 550° C.

Standard zinc solutions containing 0.2008 and 0.999 mg. of zinc
per ml. were prepared by dissolving the proper amount of Mal-
linckrodt’s analytical reagent grade zinc in dilute sulfuric acid.
Each solution was checked by evaporating a definite volume in a
platinum dish. The residue was ignited at 550° C. and after
cooling was weighed as zinc sulfate. A saturated solution of
ammonium oxalate was prepared by dissolving ammonium oxa-
Iatel_in hot water and allowing the excess oxalate to crystallize by
cooling.

Apparatus. The steam bath used for digestion of the oxalate
precipitate consisted of a large steam cone which was covered
with a metal sheet with holes cut in it of such size as to allow as
much of the pear-shaped centrifuge tube as possible to be ex-
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Table 1 Effect of One Gram of Salt on Precipitation of Zinc
Oxalate in a70% Acetic Acid Solution

Salt Zinc Present Zinc Found Difference
Mg. Mg. Mg.
NHaNO 10.0 10.0 0.0
NHSNOg 10.0 9.9 -0.1
(NH ()aso< %88 15)8 00.10
(NHear 100 0.0 a

“ No precipitate formed after 1.5 hours of digestion.  After 12 hours some

precipitate appeared.

Table Il, Determination of Zinc by Titration of Oxalate with
Potassium Permanganate

(Zinc oxalate precipitated from a 70% acetic acid medium)

Zinc Taken Zinc Found Difference
Mg. Mg. Mg.
1.0 0.8 -0.2
0.6 -0.4
0.8 -0.2
0.8 -0.2
10.0 9.9 -0.1
9.9 -0.1
10.0 0.0
10.0 0.0
25.0 24.9 -0.1
24.9 -0.1
25.0 0.0
25.0 0.0

posed to the steam. An ordinary metal can or box would serve
as well if steam could be passed into it.

The centrifuge used was a Precision Scientific Company model
of the type commonly used for the determination of water and
sediment in petroleum products (2). The tubes, which were
those usually employed for the same determination, had a pear-
shaped bulb with a narrow stem and were of 100-ml. capacity.
Any type of centrifuge tube, large enough and of construction to
allow the precipitate to be slung to the bottom without being
disturbed, might have been used. A straight-walled centrifuge
tube of 100-ml. capacity with a tapering stem of the type also
used for the determination of water and sediment in petroleum
products (2) might avoid the difficulty occasionally encountered
when the precipitate clings to the slanting walls of the pear-
shaped tube. Pyrex all-glass wash bottles were used for washing
the zinc oxalate precipitates. The removal of the centrifugate
was accomplished by immersing a tube, which was connected to an
aspirator through a series of two traps, in the supernatant liquid.
This tube was drawn to a long tapering point, so that it could be
immersed in the centrifuge tube without touching the sides.

PRECIPITATION OF ZINC OXALATE

Effect of Acetic Acid Concentration. The precipitation
of zinc oxalate was studied in the following manner:

A known amount of standard zinc solution, containing 1, 10, or
25 mg. of zinc, was transferred to a 250-ml. beaker. Enough
water was added to make the final volume, after the addition of
acetic acid and oxalate solution, the desired concentration. For
example, 10 ml. of standard solution which contained | mg. of
zinc per ml. were pipetted into a 250-ml. beaker; then 15 ml. of
water were added; next 70 ml. of glacial acetic acid; and finally
5 ml. of saturated ammonium oxalate solution were added drop-
wise with constant stirring. This gave an acetic acid concentra-
tion of 70%.

The precipitate was allowed to digest on a steam bath for | to 2
hours.  The time required for digestion decreased with increasing
acetic acid concentration. After digestion was completed, the
solution was filtered through Whatman No. 42 filter paper and
the precipitate was washed with an acetic acid solution of the
same concentration as the medium in which the precipitation was
carried out. A rubber policeman which had been soaked in
glacial acetic acid for 3 days was used as an aid in transferring the
precipitate to the filter paper. The paper and precipitate were
placed in a weighed porcelain crucible and ignited at 650° C.
The zinc was then weighed as the oxide. The results obtained
indicated that the optimum concentration of acetic acid is 70%.
At this concentration precipitation was complete, the precipitate
coagulated rapidly, and the solution was easily filtered.

Effect of Ammonium Salts. After the optimum acetic acid
concentration had been determined, a study was made of the
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effect of certain ammonium salts on the precipitation of zinc
oxalate (Table I).

One gram of ammonium chloride, ammonium nitrate, or
ammonium sulfate was added to 95 ml. of a solution containing 70
ml. of acetic acid and 10 mg. of zinc, and 5 ml. of saturated
ammonium oxalate were then added with constant stirring. The
precipitate was digested, filtered, washed, and ignited in the same
mqémer as in determining the optimum concentration of acetic
acid.

Apparently, ammonium sulfate and ammonium nitrate have
no effect upon the precipitation of zinc oxalate. Ammonium
chloride evidently inhibited precipitation, for no precipitate was
obtained after 3 hours of digestion. However, some precipitate
was obtained when the solution was allowed to digest overnight.

Indirect Titrim etric Determination of zinc. Since most
oxalates can be changed upon acidification to oxalic acid which
can be titrated with standard permanganate solution, it was
deemed advisable to titrate the oxalic aid formed by treating the
zinc oxalate with sulfuric acid. The procedure finally evolved
for the titrimetric determination of zinc was as follows:

The zinc solution is transferred to a 100-ml. centrifuge tube of
the type described, 70 ml. of glacial acetic acid are added with
enough water to make the final volume 95 ml., and 5 ml. of satu-
rated ammonium oxalate solution are then added with stirring.
The precipitate is allowed to digest on a steam bath for 1.0 to 1.5
hours. When digestion is complete, the tubes are placed in a
centrifuge and rotated rapidly for 3 or 4 minutes. When the
precipitate has been completely slung to the bottom of the tube,
the centrifugate is removed by suction. Care is necessary, since
some of the precipitate might be removed with the liquid. Any
precipitate remaining on the sides of the tube can be removed by
rubbing the side with a rubber policeman. The loosened pre-
cipitate isslung to the bottom as before.

The precipitate is loosened from the bottom of the tube and
washed by spraying a stream of 70% acetic acid on it.
This is best done by tipping the tube in such a way that the
supernatant liquid drains from the precipitate. The washing is
done in such a manner that all the precipitate is removed from the
bottom of the tube and dispersed throughout the washing me-
dium. Between washings the tube is centrifuged and the super-
natant liquid is removed by suction. = Occasionally it may be
advisable to digest the precipitate for 10 minutes on the steam
bath before centrifuging. When washing is completed (two
washings are usually enough), the precipitate is dissolved in 25
ml. of dilute sulfuric acid (5 + 95). The solution is transferred
to a beaker and the tube is rinsed three times with portions of the
dilute sulfuric acid. The final volume is made up to 65ml. The
solution is titrated with 0.025 N potassium permanganate solu-
tion according to the procedure recommended by Fowler and
Bright (8).

The results obtained by using this procedure with varying
amounts of zinc present appear in Table 1. This method is both
rapid and accurate if the necessary precautions are observed.

An alternative method of separating the zinc oxalate would be
to carry out the precipitation and digestion in a beaker, to filter
and wash the precipitate on paper or a filtering crucible, and to
dissolve the washed precipitate in warm or hot sulfuric acid (5 +
95), the solution obtained being used for the titrimetric deter-
mination of oxalate. Such a procedure would in many cases be
preferable to the centrifugal separation as regards speed and con-
venience.

INTERFERENCES IN PRECIPITATION OF ZINC OXALATE

In order to determine the ions whose oxalates might precipitate
in a 70% acetic acid solution, several qualitative tests were
made with varying concentrations of several ions.

Standard solutions containing approximately 1and 10 mg. per
ml. were used. A definite amount, 0.1, 0.5, 1, or 10 mg., was
added to a test tube. Enough water was added to make the
volume 2.5 ml.  Then 7 ml. of acetic acid and 0.5 ml. of saturated
ammonium oxalate solution were added. If no precipitate ap-
peared, the solution was heated in a hot water bath to determine
whether precipitation would occur upon digestion. In case a
precipitate appeared, the test was made again in the same man-
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Table 11l. Qualitative Precipitation of Oxalates in 70%
Acetic Acid
NH«OH
lon Tested Addition Result
Mg.a
SN ++++ 1.0 No No ppt.
iCu++ 0.5 No Light blue ppt.
1.0 No Light blue ppt.
1.0 Yes No ppt.
Pb ++. 0.1 No No ppt.
0.5 No W hite ppt.
0.5 Yes W hite ppt.
fe +++ 10.0 No No ppt.
Al ++* 25.0 No No ppt.
Mn++ 0.1 No Light white ppt.
0.1 Yes No ppt.
0.5 Yes Light white ppt.
Ni* + 0.1 No No ppt.
0.5 No Light green ppt.
0.5 Yes No ppt.
1.0 No Light green ppt.
1.0 Yes Light green ppt.

o

Final yolume, 10 ml.

16, No. 3

Interference is to be expected from the presence of any ele-
ments such as calcium and magnesium, whose oxalates arc insoluble
in 70% acetic acid solution.

DETERMINATION OF ZINC IN BRASSES AND BRONZES

Zinc was determined by the oxalate method in four alloys issued
as standard samples by the National Bureau of Standards. Two
samples, sheet brass 37b and manganese bronze 62, contained a
high percentage of zinc; whereas two other samples, cast bronze
52 and phosphor bronze 63, contained less than 2.00% zinc. The
certified analysis of the samples used appears in Table IV.

Tin, antimony, lead, and copper were taken'out of solution ac-
cording to the methods adopted by the American Society for
Testing Materials (1). Platinum electrodes of the gauze type
were used for the electrodeposition of the copper. The anode
rotated and the cathode remained stationary. Electrolysis was
done on a Waco electrolytic apparatus, manufactured by the
Wilkens-Anderson Company.

Several variations of the following procedure were

--------------- tried, but the procedure given seems to be b
Table IV. Composition of National Bureau of Standards Samples* SheetBrassand Manganese Bronze. Samples
No. Alloy Cu Zn sn Pb  Fo  Ni -Others of approximately 0.5 gram are used. The alloy is

% % % % %

37b Sheet br(®*s 70.30 27.00 0.99 0.90 0.21

52 Castbronze 8S.33 189 7.90 152 o0.12

,62 Manganese 50.07 35.06 0.82 0.56 0.13
bronze

,63 Phosphor 78.05 0.48 9.91 9.74 0.27
bronze

“ Analyses obtained from National Bureau of Standards,

Sb 0.16

ococo
oR A
AW

nerj except that the solution was made basic with ammonium
hydroxide before adding acetic acid. The purpose of adding
.ammonium hydroxide was to attempt to tie up the ions in the
;form of ammonium complexes and to determine whether the
.oxalate would precipitate in the presence of the ammonium salt.
The results appear in Table I11.

Nickel, lead, and copper interfere when present in concentra-
tions of 0.5 mg. or more in 10 ml. of the 70% acetic acid
solution. Lead and copper are usually removed previous to the
.determination of zinc in a copper-base alloy and should cause no
particular trouble. Nickel, however, is not removed by the usual
procedure. Ammonium hydroxide added to the solution before
the addition of acetic acid tended to prevent precipitation of the
nickel oxalate. In order to determine if the nickel interference
.could be avoided, quantitative measurements were made by pre-
cipitating 10 mg. of zinc as the oxalate in the presence of | mg.
.of nickel ion and 1 mg. of ferric ion. The ferric ion was added
.because it is not usually removed from the solution before the de-
termination of zinc.  Iron, however, could be removed from solu-
tion by the addition of ammonium hydroxide and filtration of
.the ferric hydroxide. If the iron was to be determined this step
would seem advisable. The results of these experiments were
high by several tenths of a milligram, although results presented
below show that the determination of zinc by the oxalate method
in alloys containing up to 0.65% of nickel is satisfactory.
If enough nickel is present to disturb the zinc determination, the
nickel should be first precipitated and determined as the dimethyl-
glyoxime derivative. When dealing with a sample containing
.an unknown amount of nickel this procedure is to be recom-
mended. Manganese, if present in appreciable amounts, should
be removed. In the complete analysis of an alloy it can be re-
moved with the R203 group after oxidation with bromine or per-
.sulfate to ensure its compleie precipitation. If manganese is not
removed, it will be precipitated along with the zinc and the value
obtained for zinc will have to be corrected on the basis of the
manganese present as determined by a colorimetric method ap-
plied to the original sample. If the zinc oxalate precipitate is
.determined by conversion upon ignition to the oxide, the man-
ganese in the residue can be determined colorimetrically.

Mn 1.59.A1 1.13
Sb 0.55, As0.19,P0.62

dissolved in 10 ‘ml. of concentrated nitric acid in a

0-ml. porcelain casserole and the solution is care-
fully evaporated to dryness. The residue is baked
for ‘a few minutes and then dissolved in 10 ml. of
concentrated nitricacid. The volume of the solution
is brought to 50 ml. by adding boiling water. The
ﬁrecipitate is digested near the boiling point for one

our, filtered, and thoroughly washed with hot water.
The filtrate, in a 200-ml. electrolytic beaker, is elec-
trolyzed with an initial current of 0.2 ampere and a
potential between 1.8 and 2.0 volts. After electrolysis has been
carried on for about 10 minutes one drop of 0.1 Ar hydrochloric
acid is added to the solution. After 30 minutes, electrolysis com-
pleted and most of the lead deposited on the anode, 3 ml. of con-
centrated sulfuric acid are added and the current is increased to
0.4 to 0.5 ampere. Voltage should not exceed 2.1 volts.

After allowing ample time for the copper to be comé)letely
separated, usually 2 hours, and while the current is still Ol the
electrodes are removed and immediately washed with water.
The washings arc caught in the electrolytic beaker. The solution
is neutralized with ammonium hydroxide, evaporated to a volume
of 25 to 50 ml., and then transferred to a 100-ml. volumetric flask.
Enough nitric acid is added to dissolve any R;0> precipitate which
may have appeared after the addition of the ammonium hydrox-
ide. An excess of the acid should be avoided. Manganese can be
removed before or after evaporation by precipitation as the hy-
drous oxide in the solution obtained from the electrolysis.

After dilution to 100 ml., a 25-ml. aliquot is placed in a 100-ml.
pear-shaped centrifuge tube. The solution is again brought back
to the neutral point with ammonium hydroxide. Only a
few drops of the hydroxide should be required. Seventy ml. of
acetic acid are added, followed by 5 ml. of saturated ammonium
oxalate solution. The procedure outlined for the titrimetric
determination of zinc is then followed. The precipitates con-
taining tin, lead, and copper are treated in the customary manner.

Cast and Phosphor Bronzes. Cast and phosphor bronzes
are run in the same manner as the high-zinc alloys, except that
the whole sample is used for the zinc determination instead of an
aliquot. After electrodeposition of the copper the solution is
evaporated in the electrolytic beaker to dense fumes of sulfur
trioxide, diluted to 10 ml. with water, allowed to cool, neutralized
with ammonium hydroxide, and transferred to a centrifuge tube.
The beaker is rinsed with water until the volume of solution plus
washings is 25 ml.; water rinsings are abandoned and glacial
acetic acid is used for the final rinsings. Glacial acetic acid is
added to the solution in the centrifuge tube until a volume of 9%
ml. isreached. The regular titrimetric procedure isthen followed.

The results obtained from following such a procedure appear in
Table V. This procedure is fairly simple and can be carried out
with fairly inexpensive equipment. Two or more samples can be
centrifuged while other samples are being digested or titrated.

ATTEMPT TO DETERMINE ZINC IN AN ALUMINUM ALLOY

Because of the favorable results obtained in the analysis of
copper-base alloys, an attempt was made to determine zinc by a
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Table V. Determination of Zinc in National Bureau of Standards
Samples
-Zinc Found
Av.
devia-
Ay. tion
Pres- Differ- devia- of
Sample ent Found ence Mean tion mean
% % % % % %
Manganese bronze, 35.00 35.16 0.10 35.24 0.08 0.03
N.B.S. No. 62 35.20 0.14 35.20a 0.04 0.02
35.25 0.19
35.47 0.41
35.25 0.19
35.12 0.06
Sheet brass, N.B.S. 27.09 27.27 0.18 27.07 0.07 0.03
No. 37b 27.09 0.00 27.06a 0.03 0.01
26.91 -0.18
27.03 -0.06
27.09 0.00
27.04 -0.05
27.05 -0.04
Cast bronze, N.B.S. 1.89 1.98 0.09 2.01 0.02 0.01
No. 52 2.00 0.11
2.02 0.13
2.02 0.13
Phospbor bronze, 0.48 0.51 0.03 0.51 0.01 0.00
N.B.S. No. 63 0.52 0.04
0.52 0.04
0.50 0.02
Zinc conccntrate, 01.1 60.8 -0.3 60.9 0.2 0.1
N.B.S. No. 113 60.9 -0.2
61.2 0.1
61.2 0.1
60.9 -0.2
60. -0.6

° Calculated on basis of omission of one or two results whose deviation
exceeds four times the average deviation.

similar procedure in an aluminum base alloy, National Bureau
of Standards Sample 86, containing 1.50% of zinc. The
zinc oxalate could not be precipitated from the solution obtained
by the dissolution of the alloy because the high concentration of
salts greatly interfered when the solution was adjusted for the
precipitation of zinc oxalate. The addition of ammonia caused
the precipitation of aluminum hydroxide which could be filtered
from the solution only if a very large volume were used. If this
were done, a very large volume of filtrate was obtained. So much
time was consumed in the evaporation of such a large volume that
the method was abandoned. A preliminary separation of zinc
by hydrogen sulfide did not seem to present any advantages over
this method, because it would be much easier to weigh the oxide
which could be obtained by ignition of the sulfide precipitate.

DETERMINATION OF ZINC IN ZINC CONCENTRATES AND ORES

Two National Bureau of Standards samples, Nos. 113 and 2a,
were analyzed for zinc content. Sample 113 was a zinc concen-
trate containing 61.1% of zinc. This sample has not been
completely analyzed by the National Bureau of Standards; how-
ever, the following analysis in per cent has been reported for this
concentrate: moisture, 0.05; acid-insoluble material, 4.97;
cadmium, 0.42; copper, 0.03; iron, 0.88; aluminum, not deter-
mined separately; lead, 0.33; calcium carbonate, 0.77; magne-
sium carbonate, 0.32; sulfur, 31.25; zinc (by difference), 60.99.
Sample 2a was a synthetic one prepared from ores from all over
the United States, containing a pure zinc blende from Joplin,
Mo.; a mixture of franklinite, willemite, calcite, etc., from Frank-
lin, N .J.; an impure blende from Colorado containing a good deal
of iron, copper, and lead; and enough cadmium sulfide to give
about 0.6% cadmium. The zinc content of this sample was
30.53% on the as-received basis.

Determination of Zinc in Zinc Concentrate. A 0.20-
gram sample is weighed into a porcelain casserole, 5 ml. of con-
centrated nitric acid are added, and the casserole is covered with a
watch glass and placed on a steam bath. I\\hen only 3 ml. of
solution remain, 7 ml. of concentrated hydrochloric acid are
added and digestion is continued until only 2 or 3 ml. remain,
three to 4 ml. of concentrated sulfuric acid are added and the
solution is evaporated well beyond the point of the appearance
of the first sulfur trioxide fumes. The solution is cooled and
dduted to 20 to 25 ml. The silica is then removed by filtering
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the solution through No. 42 Whatman filter paper. The residue
is washed several times with hot water. The filtrate which vras
collected in a 100-ml. volumetric flask is made just basic to modi-
fied methyl red and then made slightly acid with dilute sulfuric
acid. The solution is finally cooled and diluted to 100 ml.
Aliquot volumes of 25 ml. are analyzed for zinc by the titrimetric
procedure described.

The results of analyzing the zinc concentrate appear in Table
V. This method seems very applicable to rapid assay analysis
of zinc concentrates of this type because the zinc can be deter-
mined immediately after the dissolution of the sample. The re-
sults obtained by this method agree within a few tenths of a per
cent with that reported by the Bureau of Standards.

The attempts to analyze sample 2a failed to give very satisfac-
tory results. This sample was of such a peculiar composition
that it was believed that any procedure evolved would be useless
for samples obtained from natural ores. A procedure for the
analysis of this sample could probably be worked out, and .ivould
resemble that commonly used for limestone analysis with the
added step of copper separation by electrolysis.

The procedure tried was as follows:

Dissolution was obtained by aqua regia. Silicon, iron, and
calcium were removed according to methods recommended by the
American Society for Testin? Materials. The resulting solution
-was evaporated fo dryness after the addition of 10 ml. of concen-
trated nitric acid and 20 ml. of concentrated hydrochloric acid.
The residue was taken up with 10 ml. of dilute sulfuric acid (5 +
95) solution and the resulting solution evaporated to sulfur tri-
oxide fumes. The residue was washed into a 100-ml. centrifuge
tube with hot water. 1f 25 ml. of water were insufficient to ob-
tain complete washing, glacial acetic acid was used to complete
the washing. Enough acetic acid was added to make a 70%
solution, and precipitation and titration of the oxalate were
carried out as described.

The results varied from 29.2 to 31.2%, compared to
30.53% zinc reported by the National Bureau of Standards.
Better results could probably have been obtained if copper had
been separated before the precipitation of the zinc oxalate. A
method such as this would be of value only if a complete analysis
were carried out.

DISCUSSION

The method which has been developed seems to have several
definite advantages in certain cases as compared to the phos-
phate and sulfide methods. When the diammonium phosphate
method is applied in alloy analysis, it is often necessary to destroy
the excessive amounts of ammonium salts prior to precipitation.
Zinc oxalate can be precipitated in the presence of a fairly large
amount of ammonium salts, which therefore need not be de-
stroyed. The zinc ammonium phosphate is usually kept hot for
30 minutes and digested in the cold for at least 2 hours. The di-
gestion of zinc oxalate rarely takes more than 1.5 hours. The
end point of the permanganate titration is sharp even when very
dilute standard solutions of potassium permanganate are used.
The oxalate method appears to be more accurate for samples con-
taining small percentages of zinc and probably would be more
accurate for the larger percentages, if the entire sample were used
instead of an aliquot. The use of the entire sample containing
high percentages of zinc would, however, decrease the speed of
analysis because of the time which would be consumed in evapo-
rating the solution to 25 ml.

The separation of zinc sulfide is not an easy operation; there-
fore, when no interferences would occur, the oxalate separation
would be preferred. In the analysis of ores and in certain types
of alloys the sulfide precipitation appears to be preferable. In
the complete analysis of a zinc ore, it might be advisable to deter-
mine zinc by the method proposed here. When only zinc is de-
termined, the sulfide method of separation is more desirable. The
application of the oxalate method to the determination of zinc
in zinc concentrates seems to be very rapid for assay analysis.
The accuracy of the determination will depend upon the inter-
fering elements present. Procedures for analyzing concentrates
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and ores should always be tested by a sample representative of the
type to be analyzed.

The apparatus required for the oxalate method can be found
in almost every analytical laboratory. Any type of centrifuge
tube which allows the use of a large enough volume can be used.
The centrifugal method of separation of precipitates is as rapid or
more rapid than filtration, but washing by the centrifugal method
is much easier and more complete. In many cases two washings
are sufficient to remove all excess ammonium oxalate.

SUMMARY

Zinc can be completely precipitated as the oxalate in a 70%
acetic acid medium. The zinc oxalate can be separated by
use of a centrifuge or by filtration and dissolved in sulfuric acid.
The oxalic acid formed can be titrated with a standard potassium
permanganate solution. Ammonium nitrate and ammonium
sulfate do not interfere with the precipitation, but ammonium
chloride does. Elements which form oxalate precipitates in 70%
acetic acid solution interfere.

A procedure was developed for the determination of zinc in
brasses and bronzes. Four Bureau of Standards alloys were
analyzed for zinc and favorable results were obtained. A pro-
cedure was attempted for aluminum-base alloys, but the high
concentration of aluminum salts made the method unfeasible.
An attempt was made to determine zinc in an ore but the sample
which was available was of such an unusual composition that
further work was inadvisable. A procedure for the determination
of zinc in a zinc concentrate was developed and favorable results
were obtained on a National Bureau of Standards sample.
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Determination of Total Phthalic Anhydride in Oil-Modified
Alkyd Resins

A. 1. GOLDBERG, Brooklyn College, Brooklyn, N. Y.

Several modifications of the Kappelmeier procedure for the deter-
mination of phthalic anhydride in oil-modified alkyd resins are pro-
posed. Anhydrous potassium phthalate is recommended as the
weighing form instead of the alcohélate. A simplified saponifica-
tion procedure is suggested. The adverse effect of water and its
elimination are described. A volumetric procedure is offered in
place of the gravimetric one.

IS determination of total phthalic anhydride, free and
T:ombined, in oil-modified alkyd resins has been the subject
of a number of papers (8, 5,8-11,14,16). In the case of the alkyd
hypothetically represented below, dipotassium phthalate, potas-
sium linoleate, and glycerol are obtained upon alkaline hydroly-

AjCOOCII, COOK + n C.iIHmCOOK +
] Xs
[Jcoolh KOH Cook »««OH).
CijHnCOoAnR,

The monomer within the bracket is useful in representing the
molecule for analytical purposes but should not be taken as an
indication of the actual molecular structure.

The analytical problem involved is twofold: (1) to isolate the
dibasic acid quantitatively and (2) to determine its quantity.
Its determination as phthalic acid (3, 10), lead phthalate (6), po-
tassium carbonate (14), potassium phthalate alcohélate (S), and

potassium sulfate (9) has been reported. Most of these methods
are laborious, time-consuming, or subject to various errors (9,16).
The Kappelmeier method (8), which generally is accepted today,
involves hydrolysis of the alkyd resin with alcoholic potassium
hydroxide, precipitating potassium phthalate containing one mole
of alcohol of crystallization.

WEIGHING FORM

The necessity for drying the alcoholate to constant weight over
concentrated sulfuric acid in a vacuum desiccator makes this
weighing form inconvenient for routine work. Kappelmeier re-
ported (< that the alcohol is lost with difficulty at 100° C., that
heating in air results in a brownish discoloration, and that drying
the alcoholate in a vacuum between 100° and 120° C. results in a
slow loss of weight until 16% has been lost, which corresponds
to exactly one molecule of alcohol.

The tenacity with which the alcohol is held was verified. How-
ever, the alcoholate was decomposed in air quantitatively without
discoloration by heating at 150° C. for 3 to 4 hours. The theo-
retical loss is 15.97%; 15.97 ==0.07 was found (Table I). This
treatment yields the anhydrous salt which is therefore recom-
mended as the weighing form.

METHOD OF SAPONIFICATION

The standard method of saponification requires a preliminary
heating below the boiling temperature, followed by a prolonged
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Table 1 Formation of Anhydrous Dipotassium Phthalate from the
Alcoholate
Weight . Weight i
of CsHa- Weight of CeH<- Weight .
(COOK)j.- of CehU- C2HsOH (COOK)j.- of C.H.- CiH.OH
CaHiO (COOK)T Lost CtHjOH (COOK)s Lost
Grams Grams % Grams Grams %
1.676 1.409 15.90 1.634 1.374 15.92
1.824 1.5632 16.01 1.879 1.579 15.97
1.462 1.226 16.14 2.110 1.772 10.02
1.162 0.977 15.92 1.512 1.272 15.87
fable Il. Rate of Hydrolysis of Alkyd Resins
Phthalic Phthalic
anhy- Hydrol- anhy- Hydrol-
Temp. dride ysis Temp. dride ysis
0cC. Hr. % . % 0C. Hr. % %
50 1 28.0 77.4 60 1 41.5 100
2 36.0 100.0 2 42.0 100
4 36.2 100.0 4 42.0 100
8 36.0 100.0 8 42.0 100
40 1 19.3 53.4 50 1 42.0 100
2 29.3 80.9 2 42.0 100
4 35.3 97.5 4 42.0 100
8 36.5 100.0 8 42.0 100
30 1 13.6 37.6 40 1 28.0 66.7
2 22.0 60.9 2 42.0 100
4 30.0 82.8 4 42.0 100
8 35.3 97.5 8 42.0 100

gentle refluxing. This involves the use of water baths, air-cooled
condensers, and the likelihood of violent bumping. A simplified
method was investigated in view of the exceptionally rapid rate
of hydrolysis of alkyd resins (16).

Similar-sized samples of a given resin were weighed into a
series of corked Erlenmeyers. A solution of 0.5 Ar potassium
hydroxide in absolute alcohol was prepared and equal volumes
were added to each flask. They were then set in ovens main-
tained at the given temperature +2° C. for varying periods of
time. At the end of this time they were placed in a water bath
and cooled rapidly to room temperature, ether was added, and
they were filtered into Gooch crucibles within 10 minutes after
removal from the oven. The weight of phthalic anhydride was
calculated on the resin solids basis, using the dipotassium phthal-
ate alcoholate as the weighing form (IS).

The extent of hydrolysis as a function of time may be calcu-
lated by considering the reaction complete at the point where
maximum and constant value is obtained. The data in Table
Il indicated that refluxing is unnecessary. Indeed, saponification
has been found to be complete in flasks which have been allowed
to stand 18 hours at 25° C. It is recommended that saponifi-
cation be carried out at 55° C. for 4 to 6 hours. It may be neces-
sary to heat difficultly saponifiable resins overnight. Higher
temperatures may result in building up excessive pressures within
the flask and it is advisable to stopper the flask loosely.

This modification was tested upon two commercially prepared
alkyd resins, using the customary reflux procedure as a control.
Both the above weighing forms were used to secure the data in
Table I11. The modified saponification procedure gave results
agreeing to #=0.35%. This less drastic saponification procedure
has been used successfully on hundreds of samples of oil-modified
alkyd resins of the type of Rezyl 7818-1 (American Cyanamid
& Chemical Corp.), Beckosol 1334 (Reichhold Chemicals, Inc.),
f'alkyd A-4-D (Falk and Co.), Glyptal ZV-1125 (General Electric
Company), etc.

EFFECT OF WATER

The necessity of precipitating the dipotassium phthalate under
anhydrous conditions has been noted (9). The quantitative
effect of known quantities of water on the precipitation of di-
potassium phthalate was observed.

The alcoholic potassium hydroxide was prepared by drying
commercial absolute alcohol over lime for 48 hours, followed by
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distillation over sodium. The fraction distilling overat 78-79°C
was used to prepare the 0.5 Ar alcoholic potassium hydroxide.
The c.p. potassium hydroxide contained 13% water and thus
introduced 0.5% of water into the alcoholic potassium hydroxide
solution.  Solutions containing up to 8% more water were pre-
pared by adding calculated quantities of water to this stock solu-
tion.

Table 1V shows a maximum of 37.4% phthalic anhydride ob-
tained where no water was added. An error of 1% is introduced
in the presence of 2% added water. A further increase in water
content leads to large errors. In another series of determinations
where the same alkyd resin was analyzed using commercial
absolute alcohol and c.p. potassium hydroxide the average of
six determinations was 37.05 2=0.05%.

Preparation of Limed Alcoholic Potassium Hydroxide.
For each determination 4.5 grams of c.p. potassium hydroxide
are added to 125 ml. of absolute alcohol, 10 grams of calcium
oxide, to remove a maximum of 2.5% of water, are added, and
the solution is refluxed for 20 minutes. The warm solution is

filtered rapidly with suction, a minimum of air being sucked
through to avoid absorption of carbon dioxide.

To observe the effect of lime in the preparation of the alcoholic
potassium hydroxide, two commercial resins were analyzed.
Table V shows that the use of lime results in an increase of about
1% in the determination of phthalic anhydride. A comparison
of columns A and C shows that the effect of the addition of ether
is negligible. Apparently, only in the presence of an appreciable
quantity of water does the ether decrease the solubility of the
salt sufficiently to warrant its use (8).

VOLUMETRIC PROCEDURE

The advantages of the Kappelmeier procedure in isolating the
phthalic anhydride as the dipotassium salt would be best realized
if a convenient and accurate volumetric procedure could be de-

veloped. A volumetric procedure which partially fulfills these
Table Ill.  Phthalic Anhydride by Kappelmeier Reflux and
Modified Kappelmeier (55° C.) Methods
Resin 3 Resin 4

A B A B
% % % %
Reflux 35.67  35.69 36.43  36.45
35.53 35.56 36.42 36.42
55° C. 3557  35.56 36.60  36.33
35.63  35.69 + 36.31 36.31

Weighing form. A - CjH<(COOK)i.CiHiOH.

B -m C«H,(COOK)i.
Duplicate results listed.

Table 1V. Effect of Water on Quantitative Precipitation of
Dipotassium Phthalate

H2 Phthalic H10 Phthalic

Added Anhydride Loss* Added Anhydride Loss®
% % % % % %
0.0 37.4 0.0 2.0 37.0 1.0
0.5 37.3 0.2 4.0 35.1 6.2
1.0 37.3 0.2 8.0 29.6 20.7

“ Assuming 100% precipitation where no water was added.

Table V. Effect of Lime in Preparation of Alcoholic Potash in

Modified Kappelmeier Procedure

Resin 3, Resin 4,
Phthalic Anhydride Phthalic Anhydride
A B C A B Cc

% % % % % %
35.4 35.6 35.3 36.3 36.0 36.5
35.3 35.5 35.4 36.3 37.1 36.5
35.4 35.6 35.3 36.4 36.9 36.5
35.3 35.5 35.3 36.4 37.5¢ 36.5

Results listed in quadruplicate

rl]\/l?jdifie_édi Kappelmeier, using normally prepared alcoholic potassium

ydroxide.

B Modified Kappelmeier, usinfj “limed” alcoholic Potassium hydroxide.

C Sﬁrrp]e Ias A except for omission of ether before filtration of potassium
phthalate.

_“ This sample contained only half the concentration of resin used in
ail the other samples.
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Tabic VI. Titration of Dipotassium Phthalate with Perchloric Acid
in Glacial Acetic Acid
Woight of Caled. Weight of Weight Caled. Weight of
CaH*(COOK)* CeHifCOOK)* of KCIO* CsH4(COOK)i
Taken from Titration Found from KCIOi
A B C D
Grams Grams Grams Grams
0.928 0.935 1.061 0.929
0.986 0.995 1.131 0.990
1.154 1.162 1.329 1.160

requirements is based on the use of a feebly basic solvent to in-
crease the basicity of the phthalate ion. Hall and Werner (7)
have shown that perchloric acid is the most suitable of the com-
mon acids for titrimetric purposes in a glacial acetic acid solvent.
The use of indicators in titrating amines with perchloric acid in
glacial acetic has been reported (2).

The titration of dipotassium phthalate or its alcohélate can be
followed with several indicators—for example, bromophenol
blue, bromocresol purple, and methyl violet—the latter was very
satisfactory (1, 4). It is necessary to remove the water present
in the solutions to secure quantitative results (6). The addition
of acetic anhydride converts the water to acetic acid; excess
acetic anhydride has no effect on the titration (12). The anhy-
drous perchloric acid solution was standardized by the use of
sodium carbonate as a primary standard (2), the end point being
taken at the green-yellow stage. The perchloric acid presents a
little danger in handling. The 0.1 N solution should be pre-
pared carefully as indicated below. Once the perchloric acid is
present in the dilute solution it is relatively harmless. The
glacial acetic solutions are most conveniently used in a well-
ventilated hood.

The standard solution of approximately 0.1 N perchloric acid
in glacial acetic acid was prepared by adding 9 ml. of 60% per-
chloric acid dropwise to 3G ml. of acetic anhydride kept In a
chilled glass-stoppered liter Erlenmeyer (7). The resultant solu-
tion was then diluted with 720 ml. of glacial acetic acid and 24 ml.
of acetic anhydride and allowed to stand 2 weeks until the reac-
tion with water was completed {IS). To standardize the solu-
tion a definite quantity of sodium carbonate was dissolved with
gentle warming in a solution of 20 ml. of glacial acetic acid and

ml. of acetic anhydride and brought to boiling (hood) in order
to react with any water. Upon cooling, this solution was titrated
with the above perchloric acid solution using methyl violet indi-
cator, 2 drops per. 10 cc. of 0.2% methyl violet inglacial acetic
acid.

The results obtained by titrating dipotassium phthalate isolated
by the modified Kappelmeier procedure are given in Table VI.
A comparison of columns A and B shows that the volumetric
procedure gives results that are 0.8% high. A white precipitate,
formed upon addition of the perchloric acid, contained potassium
and was soluble in hot water and insoluble in cold water. The
precipitation of potassium perchlorate under these conditions
has been noted (7). The precipitate was filtered off, dried to
constant weight, and used as a basis for calculating the weight of
dipotassium phthalate. A comparison of columns A and D indi-
cates that precipitation is quantitative.

Sodium perchlorate is soluble in glacial acetic acid while the
potassium salt is insoluble. A procedure for determining both
potassium and sodium simultaneously under certain limited
conditions is indicated. Semiquantitative results were secured
on mixtures of potassium acetate and sodium carbonate.
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Determination of Total Phthalic
Anhydride in Modified
Alkyd Resins

C. D. DOYLE, Resin and Insulation Materials Division,
General Electric Company, Schenectady, N. Y.

HIS paper presents confirmatory evidence of the modified

Kappelmeier method (S) described in the preceding paper
(2), independently obtained during the spring of 1942 by a simi-
lar modification which is used in this laboratory. This modi-
fication, which also eliminates the tedious drying of the residual
crystals over sulfuric acid, consists in removing the alcohol of
crystallization by heating at 210° C. for one hour. The work
done here indicates that the modification is applicable also to
alkyd resins complicated by maleic anhydride or fumaric acid.

Table I. Alkyd Resin Analysis
Phthalic Anhydride

Standard Modified

method method

C

Resin Other Acids Present % % %
i Maleio anhydride 34.10 34.06 34.06
35.09 35.17 35.05
3 34.80 34.78 34.80
4 42.05 42.01 42.55
5 Maleic anhydride 35.42 35.43 35.45
6 34.78 34.84 34.65
7 Maleic anhydride 25.95 25.87 25.63
8 Maleic anhydride 17.94 17.87 17.87
9 Rosin 28.78 28.80 28.88
10 Fumaric acid 34.32 34.30 34.68

11 Fumarioacid 36.08 36.06 m35.72

Procedure. The standard Kappelmeier procedure (1) is
followed up to the point of drying the filtration residues over con-
centrated sulfuric acid in vacuum. The crucibles containing the
residues are transferred from the low-temperature oven to a
210° C. oven for one hour. They are then cooled over Dehydrite,
weighed, and converted to phthalic anhydride, assuming di-
potassium phthalate as the weighing form.

Table | lists representative results on the basis of which the
two methods may be compared.
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Constant-Level Float Valve
WILBURN A. BOGGS, 2218-B. Cabrillo Ave., Torrance, Calif.

E constant-level valve illustrated in Figure 1 makes it
T;ossible to fill a glass bottle with distilled water from the still
reservoir without running it over and without giving it con-
stant attention during the last stages of filling. It can be made
from material available in any laboratory, and is efficient when
gravity supplies the pressure. Its applications are numerous

and varied. With the slit turned downward, the valve will
release a vacuum drawing liquid into a bottle
by by-passing the vacuum to the outside
when the rising liquid opens the valve.
Figure 1. Float Valve
Upper. Valve closed. Center. Valve open. Lower. For use In hot water
A. Glass bulb 1. Liquid flow
B.  Rubber tubing 2. End open
C.  Glass tubin 3. End closed
E. Liquid leve 4. Fire-polished
F. Capillary
G. Slit
Valve. A piece of 7-ram. soft-glass tubing is heated in a

hot flame and turned to thicken it at one end. When the glass
is sufficiently thick, it is blown into a bulb 5to 7.5 cm. (2 to 3
inches) in diameter. If it is to be used inside a bottle, the bulb
should be as large as can easily pass through the mouth.

The length of the stem may be varied; the longer the stem the
greater the closing pressure, but 2.5 to 3.75 cm. (1 to 1.5 inches)
Isa convenient length. The end is sealed off in the flame.

A piece of heavy-walled rubber tubing 3.75 cm. (1.5 inch) long
is slit half through and the stem of the bulb is forced into the
end nearly up to the slit. A piece of 7-mm. glass tubing, bent
at an angle, is forced nearly up to the slit from the other end.
This glass tubing is held in position by running it through a cork
stopper and holding the cork in a clamp. If the angle of the
glass tubing is about 120° instead of 90° as shown, the closing
effectis better and the rubber is kept above the liquid Tevel.

, The glass float must have a small hole in it, if it is to be used
m hot water. This can best be made by heating the float on
oneside, touching the heated portion with the molten end of a glass
rod, and pulling out a fine capillary. When the end of the
caplllary is broken and fire-polished, a small hole is left, which
will not fill with liquid. If sufficient heat is available, a small

round P?/rex flask may be fused
This will usually withstand the
bulb.

If the pressure is very great, the valve will squirt a small
stream of water high into the air during the last stages of closing.
This may be prevented by a guard:

A section of flat rubber (tube patching is good) is cut in
a rectangular piece about as long as the rubber tubing of the
valve and as wide as the circumference. Two strips of the
same material are wrapped, one on the other, around the upper
section of the rubber tube, and the rectangular piece is placed
on top of them, extending well over the slit and down over
the sides. These pieces should be wired in place, or fastened
with a rubber band.

Hot Distilled W ater Reservoir
WILBURN A. BOGGS, 2218-B. Cabrillo Ave., Torrance, Calif.

E arrangement shown in Figure 1, using the float valve
described in the preceding article will provide a constant sup-

ply of about 6 liters (1.5 gallons) of hot distilled water per hour,

if only a small amount (500 ml. or less) is drained off at a time.
Fresh water is added continuously, but the volume is large
enough to prevent variation of pH or temperature. The quality
of the water is equal to that which has been boiled for 2 hours
or longer, and is delivered from the buret at a temperature
of above 98° C.

Tubes G, M, and N are placed in the positions shown and
held in place b?/ clamps above the bottle’s mouth. The top
of the bottle is left open to allow the steam to escape.

The steam coil is conveniently made by running 0.6-cm. (0.25-
inch) copper tubing through a piece of pipe and then winding it
around the outside of the pipe. The buret shown may be made
from a Pyrex test tube (3.75 X 50 cm. 1.5 X 8 inches), to
which a 7-mm. tube is attached. It is
filled by opening pinchcock R, and emptied
b

yThe hole in the bottom of the Pyrex
bottle is made by drilling with a piece of
1.9-cm) (0.75-incn) copper tubing rotated
by hand or bY a small motor. A small
constant supply of wet Carborundum or
valve-grinding compound must be supplied
to the drill.

If steam is not available, the

bottle is placed on a hot plate and
supplemental heat furnished by a
standard inside heating element.
A more constant rate of heating
can be attained by using a hot
plate in conjunction with the
steam coil.

Flgure 1. Reservoir

rex bottle, 5 gallons

C osed steam coil

Float valve

Pyrex buret

Base, 5-gallon can

Distilled water inlet
. Steam inlet

Steam outlet

Rubber stoppers

Glass tubing

Pincbclamps

Soft rubber tubing

Stiff wire braces

Buret exhaust

Hot water level
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Mineral Contamination Resulting from Grinding Plant Samples

S.

L. HOOD, R. Q. PARKS, and CHARLES HURWITZ

U. S. Plant, Soil, and Nutrition Laboratory, Agricultural Research Administration, Ithaca, N. Y.

Various grinding methods have been compared to determine the
number of elements added during grinding and their relative serious-
ness as contaminants in preparation of plant samples. This paper
reports the effects of type of method, type of plant material, duration

of grinding, and sire of plant sample upon contamination.

E program of this laboratory is concerned with the nu-
-F_:itive value of food crops, and thus includes studies dealing
with the importance of the micro nutrient elements in plant
and animal nutrition. Several of these investigations require
extensive mineral analyses of a variety of plant materials. Al-
though a number of methods for grinding plant materials for
analysis are available, a survey of the literature revealed few data

concerning the mineral contamination resulting from different
grinding methods.

Hamilton and Morris (3f) considered it inadvisable to use iron
mills in the preparation of feeds to be analyzed for iron. Two
samples of unground corn were found to contain, respectively,
30 and 39 micrograms of iron per gram of sample, 56 and 67
micrograms after Wiley mill grinding, and 110 ahd 139 micro-
grams per gram after burr mill grinding. Nakamura and
Mitchell (6) found that grinding corn in a Wiley mill increased
the iron content from a value of 35 to 61 micrograms per gram,
and that burr mill grinding increased the content to 125 micro-
grams per gram.

Preliminary investigations using common grinding methods
revealed extensive contaminations and indicated the necessity
of a more detailed study of both extent of and conditions af-
fecting contamination.

EQUIPMENT AND METHODS

The types of grinding equipment used were: Wiley mill,
hammer mill, mortar and pestle, and jar mill, with flint, porce-
lain, and Mullite balls. (Mention of equipment ana con-
cerns by the U. S. Department of Agriculture does not con-
stitute a recommendation or an endorsement. No discrimina-
tion is intended and no guarantee is implied.) The Wiley mill
used was an A. H. Thomas Co., Size 1 mill, equipped with copper
alloy screens. The hammer mill was manufactured by the
Christy and Norris Co. of England. A No. 7 (23-cm.) Coors
porcelain mortar and pestle was used to grind samples by hand.
Two jar mills were used—a single-jar, 2-gallon, interior glaze,
Abbe Engineering Co. porcelain mill, and an H. K. Porter Co.,
12-place mill with 2-gallon, glazed porcelain jars manufactured
by the Stevenson Co., Wellsville, Ohio. The porcelain balls
were furnished with the 12-jar mill, the flint balls were supplied
with the Abbe mill, and the Mullite balls were purchased from
the Coors Porcelain Co.

Well-mixed samples of seeds were used in this investigation
in order to obtain representative unground samples. Chemical
analyses were carried out by the procedure of Parks, Hood, Hur-
witz, and Ellis (7) for twelve biologically important elements:
iron, zinc, copper, cobalt, molybdenum, manganese, phosphorus,
sulfur, calcium, magnesium, potassium, and sodium. In ad-
dition, boron was determined by the method of Naftel (S).
Duplicate analyses of single samples were made in all cases,
and the results reported on a dry Wei?ht basis. Of the total
quantity of element in a given sample after grinding, the propor-
tion which resulted from contamination due to grinding is
designated as per cent contamination, using the increase over the
unground sample as the measure of contamination. By this
method of calculation, a fourfold increase in mineral content
is reported as 75% contamination, instead of the more common
method of presenting it as a 300% increase. This avoids the
cumbersome use of contaminations expressed as hundreds and
thousands of per cent.

RESULTS

Various grinding methods wEre compared to determine both
the number of elements added during grinding and their relative
seriousness as contaminants in plant sample preparation. In
each comparison, the data for the elements mwhich were not added
as contaminants during grinding are omitted. In several of the
tables, the content of a given element is slightly less in a ground
sample than in the average of two unground samples. These
differences are all within the limits of sampling and analytical
error, as indicated by the analyses of duplicate unground samples
(Tables I and II).

Table | shows contaminations introduced by various grinding
methods. Iron and copper contaminations were high for all
types of grinding except mortar and pestle. In addition, zinc,
cobalt, and sodium Were added in appreciable amounts by the
jar mill. No significant contaminations of molybdenum,
manganese, phosphorus, boron, sulfur, calcium, magnesium,
or potassium were introduced by these grinding methods in this
comparison.

Since the jar mill is extensively' used in the preparation of
samples for microelement analyses, a further comparison was
made of contaminations introduced by various types of balls
used in jar mill grinding. The comparisons in Table Il of
seven elements showdng contamination by flint, porcelain, or
Mullite balls indicate that the latter two materials are even
more unsatisfactory than flint, both in the number of elements
added and the relative magnitude of the contaminations. The
remaining six elements determined were not added as con-
taminants.

The fact that jar mill
balls -wear appreciably
during grinding is shown

Tabic I. Composition of Oat Grain Samples by Table IIl. In this
(Contamination resulting from various grinding methods) comparison, the halls
Iron Zinc Copper Cobalt Sodium were washed, dried,
Con- Con- Con- Con- Con- counted, and w'eighed
. o Con- tami- Con- tami- Con- tami- Con- tami- Con- tami- .
Mill Grinding  tent  nation®  tent  nation“  tent  nation®  tent  nation®  tent  nation“ before and after grind-
7Iff- % y/O % yloe % y/o. % % ing. The losses in
None Unground 24.9 /" t%: 21.9 4.0 0.01 0.25 weight of the ballsduring
None Unground 21.3 3.5 0.01 0.32 Lo L
Mortalr and By nand 24.9 0.0 188 0.0 4.0 5.0 0.01 0.0 0.28 00 grinding indicate that
estle -
wiley mill  10-mesh 382 350 21.0 0.0 9.0 57.8 0.01 0.0 0.32 9.4 appreciable wear took
screen
Hammermill 10-mesh 433 425 173 00 44 136 001 00 032 9.4 place. The amounts of
o screen rock flour recovered, as
Jar mill, flint 19 hours 35.0 28.9 166.0 86.8 5.5 30.9 0.03 66.7 0.42 30.9

“ Proportion of total quantity of element in a given ground sample, resulting from contamination due to grinding.

lations based on averages of two unground samples.

202

compared to loss in
weight of the balls, show
that there was no sig-
nificant wear on the mill

Calcu-
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Table Il. Composition of Oat Grain Samples
(Contamination resulting trom different types of balls used in jar mill grinding)
Iron Zinc Copper Cobalt Sodium Calcium Sulfur
Con- Con- Con- Con- Con- Con- Con-
Type of Con- tami- Con- tami- Con- tami- Con- tami- Con- tami- Con- tami- Con- tami-
tent nation*1 tent nation0 tent nation0 tent nation0 tent nation0 tent nation0 tent nation0
ylo- % (% % ylo- % ylo- % Mglo- % Mg/g. % Mg/o- %
Unground 24.9 21.9 4.0 0.01 0.25 1.6 1.47
sample
Ungroﬂnd 21.3 3.5 0.01 0.32 1.0 1.42
sample
Fllnt*»p 35.0 28.9 166.0 86.6 5.5 30.9 0.03 66.7 0.42 30.9 1.2 0.0 1.40 0.0
Porcelain*» 159.5 84.4 196.0 89.0 9.3 59.1 1.12 99.1 1.07 72.9 1.5 13.3 1.49 2.7
Mullite* 365.0 93.2 140.0 85.4 13.3 71.4 0.30 96.7 2.23 87.0 2.4 45.8 3.35 56.8

“ Proportion of total quantity of element in a given ground sample, resulting from contamination due to grinding. Calculations based on averages

of two uné;round samples.
b Grinding time, 19hours

Table Ill.  Abrasion on Balls and Mill during Jar Mill Grinding*
(Effect of different types of balls)

Initial Final Loss in
Type of Weight Weight Weight Rock Flour
Ball of Balls of Balls of Balls Recoveredb
Grams Grams Grams Grams
Porcelain 5361 5315 46 45
Mullite 6693 6644 49 72
Flint 4412 4397 15 16

° 11 days grinding, no plantsample.
%»Probably 95-98% recovery.

jar when flint or porcelain balls were used, but a large amount

of wear on the walls of the mill jar with Mullite balls. This

effect is notable, since the data indicate that the use of

silica, tungsten carbide, or other balls which are harder than

the material of the jar will cause serious contamination due Figure 1. Iron Contamination of Oat

to wear on the jar wall. Grain as a Function of Loss in Weight 6f
To determine whether contamination is equally severe for Mullite Balls during Jar Mill Grinding

different types of plant material, vetch seed and oat grain ground

under identical conditions were compared. The striking dif- can probably be accounted for by nonuniform chipping, par-
ferences in the amounts of contamination of zinc and copper ticularly with the flint pebbles, which exhibit a characteristic
(Table IV) were also found for iron, cobalt, and sodium. conchoidal chipping during grinding. The rock chips are never

found as such in the plant samples.
— The erratic nature of the contami-
nation during Wiley mill grinding is less

Table 1V. Composition of Oat Grain and Vetch Seed Samples easily explained, but is readily verified.
(Effect of type of plant material on contamination resulting from various grinding methods) In Table VII are presented the iron
oiiic—— - —. \HTOpRE ; ; : )

Oats Vetch Oats Vetch analyses of six replicate oat grain sam
con- Con- Con- Con- ples, each ground once through the

Con- tami- Con- tami- Con- tami- Con- tami- i : i H i
Mill Grinding tent nation'a  tent nation0 tent nation0 tent nation0 Wiley mill with uniform feedmg_fr_om
J 10 % ylo- % 210 % 1o, % Fhe hopper_. The several-fold variation
None Unground  21.6 455 3.8 11.6 in contamination cannot be related to
MOI’[’:[III' and By nand 18.8 0.b 46.9 3.0 4.0 5.0 10.6 0.0 any of the factors being studied In
pestle N N )
Wiley mill 10-mesh 21.0 0.0 42.0 0.0 9.0 57.8 11.7 0.9 some laboratories a magnet is passed
screen

Hammer mill 10-mesh 17.3 00 457 0.4 4.4 136 111 0.0 over such samples to remove loose
screen i H 101 H
Jar mill, flint 19hours  166.0  86.8 64.0 289 5.5 30.9 107 0.0 particles of iron.  The efficiency of this
balls system might also be expected to vary
. “ Prgportlon of total quantity of element in a given ground sample, resulting from contamination due with different types of plant material.

0 grindin - - . .
g E The contaminating elements in flint

rock flour are present (Table VIII) in
approximately the same proportion as in
Loss in weight of balls during jar mill grinding with different contamination of the oat grain sample ground in the jar mill with
types of plant material (Table V) substantiates the view that flint pebbles. Because of the lack of homogeneity of the flint
grinding contamination varies with type of plant material.
Studies of the effect of duration of grinding on contamination of
three elements are reported in Table VI.  Although there is some Table V. Loss In Weight of Flint Balls during Jar Mill Grinding*
evidence of an increase in contamination with increased time of (Effect of different types of plant material)

FrH H H H Plant Initial Weight Final Weight Loss in Weight
grinding, the results are erratic for all types of mills. For the jar sample of Balls i Balls of Balls
mill samples ground with Mullite balls, loss in weight of the balls Grams Grams Grams
during grinding was determined. When the contamination of Nlone 4412 4397 hr,

S ; i i i Clover*» 4397 4386
the samples with iron is plotted against loss in weight of the Vetohe 2617 1614 3
Mullite balls during grinding (Figure 1), a direct correlation is ;L1 days of grinding in each case, | letely filled the mill
mi H H > grams ot ladino clover. is sample completely filled the mill.
found. A similar trend occurred for calcium, sodium, sulfur, ¢ 100 grams of vetch seed. P P

zinc, cobalt, and copper. The unequal rates of wear of the balls
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Table VI. Composition of Oat Grain Samples
Effect of time of grinding on contamination resulting from various grinding
methods)
Iron Zinc Copper
Con- Con- Con-
o Con- tami- Con- tami- Con- tami-
Mill Grinding tent nation0 tent nation0 tent
ylo. % ylo. % ylo- %
None Unground 24.9 21.9 3.8
Wiley mill, Once 38.3 35.0 21.0 0.0 9.0 57
10-mesh  Twice 61.6 59.5 20.0 0.0 9.9 61
screen Four times  49.2 49.4 21.6 0.0 12.0 68
~ar mill, 19 hours 35.0 28.9 166.0 86.8 5.5 30
flint 33 hours 48.3 48.5 159.0 86.5 4.8 20
balls 66 hours 45.0 44.6 236.0 90.6 6.5 41
Jar mill, 19 hours 365.0 93.2 148.0 85.4 13.3 71
Mullite 33 hours 677.0 96.3 643.0 96.8 18.5 79
balls 66 hours 464.0 94.5 533.0 96.0 13.7 72

“Proportion of total quantity of elementin a given ground sample, resulting from

contamination due to grinding.

Table VII. Composition of Oat Grain Samples
(Erratic nature of contamination resulting from uniform Wiley mill grinding
technique)
Replicate Iron
Samples Grinding Content Contamination0
ylo. %
1 None 24.9
2 Mortar and pestle 24.9 0.0
3 Wiley mill*» 65.0 61.7
4 Wiley mill* 194.0 87.1
5 Wiley mill* 72.5 65.7
6 Wiley mill* 219.0 88.7
7 Wiley mill* 136.0 81.7
8 Wiley mill* 158.0 84.4

“ Proportion of total quantity of clement in a given ground sample, i
suiting from contamination due to grinding,
r 10-mcah Bcrcen, each sample ground once.

balls with respect to mineral content, successive grindings might
be expected to introduce variable contamination of a given
element.

Table IX illustrates the lack of homogeneity in the flint balls,
by comparison of the analysis of a single pebble picked at random
from the mill charge, with the analysis of the rock flour.

The effect of varying the size of plant sample used during jar
mill grinding was also studied. The results for five of the ele-
ments showing contamination are illustrated in Figure 2. The
increase in contamination with reduction in size of sample
ground is very marked for these five elements. Calcium and
phosphorus were also added in appreciable amounts during the
grinding of the 30-gram sample.

DISCUSSION

All the grinding methods studied except mortar and pestle
gave serious contamination of one or more of the micro elements.
As a result, the only satisfactory methods of plant sample
preparation apparent at this time are use of mortar and pestle
or not grinding the tissue. W.ith care, it is possible to grind a
plant sample by hand in a large mortar and pestle without
losses and without contamination of any of the elements studied.
Sampling becomes much more difficult when the tissue is un-
ground. One partially satisfactory method of meeting this
difficulty would be to take samples small enough to be ashed or
digested in their entirety.

Other solutions of this grinding problem may be possible.
Purr (5) found it possible to grind fresh animal tissue bjr freezing
with liquid nitrogen and pounding with a hammer. To avoid
the introduction of heavy metals, Kirk and Sumner (4) used a
porcelain burr mill to grind jack beans in the preparation of
urease. An attempt was made to use this mill in the present
study. Although preliminary results indicated no contamina-
tion, the design is such that whole grains and stemmy materials
cannot be satisfactorily ground. It seems likely that a similar
porcelain burr mill could be designed which would be suitable for
general plant tissue grinding. Chrome or cadmium plating of the
inner surfaces of a hammer or Wiley mill might also be possible.

nation0
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It is commonly recommended (1) that for iron or other
micro element analyses, plant samples should be ground in
a porcelain jar mill using flint pebbles, instead of in a Wiley
or hammer mill. The basis of this recommendation is not
known, since flint is of marine origin and contains ap-
preciable amounts of carbonaceous material (2). The re-
sults obtained here, showing its mineral content and rate
of wear during grinding, would not support this recom-
mendation. It has been further recommended (1) that any
contamination arising during grinding in a Wiley or hammer
mill may be compensated by subtracting a grinding blank.
The results presented in Table VII do not substantiate
this recommendation.

The grinding of plant samples for analysis for certain
elements in a particular mill may be possible, but each
mill and each type of plant material would have to be
examined individually for each element to be determined.

|
ABC ABC ABC ABC
IRON COPPER COBALT SODIUM
Figure 2. Contamination of Oat Grain Samples as a Function of

Sample Size

30-, 120-, and 480-gram samples of oat grain (bars A, B, and C, respectively) were

ground for 66 hours In a far mill using Bint balls. The 480-gram sample was not

comﬁletely ground in this length of time. The content of each element Is denoted

by the heights of the bars. The shaded area represents the content of the element
In the unground sample.

The data presented further indicate that many of the previous
analyses and conclusions regarding micro element content of
plants should be re-examined in light of the grinding procedures
used.

SUMMARY

In an investigation of contamination resulting from grinding
plant tissues in the common grinding mills, the effects of type of
grinding methods, type of plant material, duration of grind-
ing, and size of plant sample upon contamination of thirteen
elements during sample preparation were studied.

Grinding plant material in Wiley mill and hammer mill
produced iron and copper contamination. Jar mill grinding
with flint balls resulted in contamination of iron, zinc, copper,

Table VIII. Comparison of Composition of Flint Rock Flour with
Contamination in a Plant Sample*
Micrograms of
Element per Contamination of
0.03 Gram of Plant Tissue,
Element Flint Rock Flour ylz.

Zn 185.1 137.4

Na 141.0 130.0

Fe 13.7 23.4

Cu 0.8 1.0

Co 0.01 0.01

Oatgrain, ground 33 hours in jar mill, using flint pebbles.
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Table IX. Comparison of Composition of Single Flint Ball and Flint
Rock Flour Produced during Jar Mill Grinding
Flint Single
Element Flour Pebble
Mg./g. Mg./g.
Ca 11.7
Mg 0.0G 6'.06
K G.O 1.5
Na 4.7 ,
P 5.0 0.2
S 0.0 0.0
ilo- 71(7.
Fe 458.
Zn 6170. 20'o
Cu 25.7 49.3
Mn 0.3 98.8
Co 0.35 1.71
Mo 10.0 0.4

cobalt, and sodium. The use of porcelain or Mullite balls
during jar mill grinding gave rise to appreciable contamination
of iron, zinc, copper, cobalt, sodium, and in some cases calcium,
sulfur, and phosphorus. Flint, porcelain, and Mullite balls
all wear appreciably during jar mill grinding. The contaminat-
ing elements in flint rock flour are present in about the same
proportions as in the contamination of a plant sample ground in
the jar mill, using flint balls.

Hand grinding with a mortar and pestle resulted in no ap-
preciable contamination of iron, zinc, copper, boron, cobalt,
manganese, molybdenum, calcium, sodium, magnesium, phos-
phorus, sulfur, or potassium.

Grinding contamination is erratic for both jar and iron mills.
A several-fold variation in iron contamination resulted from
uniform Wiley mill grinding technique. While iron contamina-
tion of samples ground in a jar mill using Mullite balls is almost
a straight-line function of loss of weight of the balls during grind-
ing, the loss in weight is not uniform with time.
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Large increases in contamination of zinc, iron, copper, cobalt,
and sodium resulted from decrease in size of plant samples
ground in a jar mill using flint pebbles.

For the types of mills studied, less contamination resulted
from the grinding of vetch seed than from the grinding of oat
grain.

All the mechanical grinding methods used resulted in serious
contaminations of one or more elements. Although a particular
mill may be used in the preparation of plant samples for the
analyses of certain elements, it is concluded that marked errors
would be involved in using the common mills for grinding plant
tissue for general or extensive micro element analyses.
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Glass Electrode Assembly for Titrating Microbiological Vitamin Assays

E. B. MCQUARRIE and H.J. KONEN

THE titration of microbiological vitamin assays it is often
Fmore desirable to use a glass electrode pH meter to determine
the end point than to use an indicator and note the color change.
A simple assembly, using a well-known commercial glass elec-
trode pH meter (Beckman, Laboratory Model G) and standard
laboratory equipment, has proved very satisfactory in this labo-
ratory, furnishing a simple and rapid accurate titration pro-
cedure.

A 7.5-cm. (3-inch) glass funnel with the stem cut off 1.25 cm.
(0.5 inch) from its body and fitted with rubber tubing long enough
to reach to a drain is supported about 7.5 cm. (3 inches) from the
laboratory bench. A small piece of glass tubing connected to the
compressed a.ir line through a trap is placed in the funnel, so that
the bottom tip of the tube is just in the stem of the funnel. The
tip of a 25-ml. buret is inserted halfway down the funnel and over
to one side. An external glass electrode and calomel electrode
are suspended in the funnel about 2.5 cm. (1 inch) from the bot-
tom and slightly off center. A pinchclamp is inserted in the rub-
ber tubing line just below the stem of the funnel.

To titrate an assay, the pinchclamp is put in place and the air
turned on, so that a steady stream of bubbles will emerge from
the air tube. The assay medium is poured into the funnel and
the assay tube is -washed with 10 to 12 ml. of distilled water,
which is also added to the funnel content. The electrometric
titration is carried out in the customary manner. The funnel is
then drained by opening the pinchclamp, and the assembly is
ready for the next titration.
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CHLOROMETRY

A Titrimetric Procedure Available for Microanalysis

NATHAN |. GOLDSTONE and MORRIS B. JACOBS
Department of Health, City of New York, N. Y.

Standard sodium hypochlorite solution is recommended as a general
titrimetric reagent for microanalytical work. The solution must be
made with sufficient excess of sodium hydroxide so that the pH is
about 12.5 and must be stored in brown, glass-stoppered bottles.
Under these conditions, sodium hypochlorite solution is remarkably
stable and compares favorably with other titrimetric reagents. With
the use of this reagent, chlorometric determinations can be made at
room temperature with ease, precision, accuracy, and a sharpness
of the end point that leaves nothing to be desired in an analytical
reagent.

T IS a popular misconception that because sodium hypo-

chlorite is a highly reactive substance it is too unstable to
be used as a standard titrimetric reagent. Because of this
belief, it has almost never been used for this purpose.

“Chlorometry” is the term used to designate the quantitative
estimation of various substances by use of standard hypochlorite
solution, in a mannef entirely analogous to iodometry and bro-
mometry. Although chlorometric determinations have not
achieved any degree of practical application, there are references
to the use of hypochlorite as a macroanalytical reagent in the
literature.

As early as 1824, Gay-Lussac estimated the strength of chlo-
rinated lime by permitting a fine suspension of chlorinated lime
to flow from a buret into a hydrochloric acid solution of an
arsenite and obtained the end point of the reaction by using
indigo as the indicator. Denigds (3) using a similar modifica-
tion turned to potassium bromide as the indicator. However.
Lunge-Berl (9) showed both of these determinations to be rather
inaccurate.

In some respects, chlorometry has as venerable a history as
iodometry, introduced by Bunsen and Schwarz in 1853, the
bromate methods of Koppeschaar (8) and the bromometric
methods of Manchot (10). Jackson and Parsons (4) advocated
the use of sodium chlorite as a volumetric oxidizing agent.

Jellinek and Kresteff (5), continuing a series of studies of
newer methods in volumetric analysis, presented chlorometry as
a valuable volumetric aid. They prepared a standard solution
of sodium hypochlorite by passing chlorine gas from a small
tank of chlorine into N sodium hydroxide solution until the
solution was approximately 0.13 N with respect to sodium
hypochlorite content. They kept this solution in a clear trans-
parent bottle connected to a buret, using rubber connections,
and found that with an excess of alkali the titer of the standard
sodium hypochlorite solution kept surprisingly constant. Thus,
their original titer, using the potassium iodide-hydrochloric
acid method of estimation, was 0.1350 to 0.1351 (V. After 7
days, the strength of this solution was practically unaltered,
for their estimations gave the normality a value of 0.1351 to
0.1352. After an additional 10 days, the titer had been re-
duced to 0.1330 to 0.1328. They attributed this loss of about
1.5% to the fact that they had made no attempt to shield the
solution from sunlight.

Jellinek and Kuhn (6) prepared a standard solution of sodium
hypochlorite in the manner described by Jellinek and Kresteff
and found it practical™ constant for a number of weeks.

KolthofT and Stenger (7) found that “H.T.H.” calcium hypo-
chlorite yielded stable solutions. They added excess bromide
to the sample to be titrated, so that in their titrations the added
hypochlorite actually behaved as hypobromite. They stand-
ardized their hypochlorite solutions by titration against arsenic
trioxide in acid or weakly alkaline solution, using Bordeaux as
the indicator.

Chapin (2) in a study of the decomposition of liypohalites
found that potassium hypochlorite solution had its maximum
stability at. pH 13.1.
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PREPARATION OF STANDARD SODIUM HYPOCHLORITE SOLUTION

Undoubtedly one reason for the lack of enthusiasm among
analysts for the use of sodium hypochlorite as a titrimetric re-
agent is the apparent difficulty of preparing such solutions.
The authors discarded the cumbersome method of Jellinek and
Kresteff (5) and prepared a standard solution in the following
simple manner.

Transfer 8.0 ml. of a commercial preparation of sodium hypo-
chlorite solution containing 5% of available chlorine to a glass-
stoppered brown-glass bottle, and dilute with water to about
2 liters. If necessary, add sufficient sodium hydroxide (1 gram)
to raise the pH to about 125, the optimum pH for stability.
To ascertain if the proper pH has been reached, the customary
colorimetric methods for the determination of pH in the range
12 to 14 may be used. The authors used Chlorox as the source
of sodium hypochlorite. Obtain the titer of the solution by
titration against a primary standard of sodium arsenite made as
follows:

Weigh 0.2473 gram of arsenious oxide (arsenic trioxide, AsiOj,
National Bureau of Standards) and dissolve in 25 ml. of 10%
sodium hydroxide solution. Transfer to a 1-liter volumetric
flask, make slightly acid with sulfuric acid (I to 6), and dilute
with water to 1liter. This solution is 0.005 N.

The solution of sodium hypochlorite made as directed above
is generally somewhat stronger than 0.005 N. Its exact titer
can be determined by titration against the standard arsenite
solution. Its normality may be adjusted to exactly 0.005 N by
the usual procedure.

TITRATION PROCEDURE

To estimate the strength of the sodium hypochlorite solu-
tion the following simple procedure may be used.

Transfer a known aliquot of standard arsenite solution to a
125-ml. Erlenmeyer flask or a 150-ml. beaker: a 4-ml. aliquot
if a microburet is to be used for the standard hypochlorite
solution and a 5-ml. aliquot if a semimicroburet is to be used.
A standard solution of tartar emetic, [potassium antimonyl
tartrate, K(Sb0)C<Hi.HH?20,] containing | mg. of antimony
per 10 ml. of solution may also be used. Add 5 ml. of con-
centrated hydrochloric acid and adjust the volume of the solu-
tion to 35 to 40 ml. by adding distilled water. Fill a micro-
buret or semimicro buret with the standard hypochlorite solu-
tion. Add 1drop of 0.05% methyl orange indicator solution to
the test solution and titrate directly with the sodium hypochlorite
solution. Add another drop of methyl orange indicator solution
near the end point and continue the titration until the color of
the meth?/l orange is destroyed. Make a blank titration usin
exactly tlie same volume of hydrochloric acid, water, and
drops of methyl orange indicator solution, replacing the volume
of arsenite or antimony test solution by additional distilled
water. The blank should run about 0.12 to 0.14 ml.

RESULTS

In order to determine the stability of the standard sodium
hypochlorite solution prepared in the manner directed above,
titrations were performed as detailed at intervals during 3 years.
In all, five series of experiments were run. Titrations were per-
formed in triplicate and the results averaged. The results ob-
tained in three of these series are representative. In the first
the initial normality was 0.004970; after 102 days it was still
0.004970; the maximum variation within this period was
+0.00000S. In the second series, initial normality was 0.005572;
after 175 days this had degraded to 0.005543, the maximum varia-
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tion within the period being —0.000021. In another series, the
initial normality was 0.00500 and at the end of 56 days was
0.004977 with a maximum variation of —0.000020. The other
two series gave comparable results.

As a check on the accuracy of sodium hypochlorite solution
as a titrimetric reagent, arsenic and antimony were determined
instandard solutions, using both the potassium bromate and the
sodium hypochlorite methods.

DISCUSSION

In the determination of microquantities of antimony, the
potassium bromate method (7) was not entirely satisfactory
for a number of reasons, the principal ones being that titra-
tions had to be performed almost at the boiling point in strong
hydrochloric acid solution with the consequent production of
relatively copious and irritating fumes of hydrogen chloride
and that the blank, using methyl orange as the indicator, was
large. The blank obtained using some of the indicators sug-
gested by Smith and Bliss {11) was even larger.

Standard sodium hypochlorite solution has several marked
advantages. It is an economical reagent. One can perform di-
rect titrations with it. It isunnecessary to perform the titrations
atelevated temperatures, eliminating any danger from the irritat-
ing fumes of hydrochloric acid. The blank is smaller than that
obtained with potassium bromate titrations. Hypochlorite titra-
tions can be performed under conditions of low acid concentration
without apparent decrease in accuracy. From 0.1 to 1 mg. of an-
timony or arsenic per 10 ml. of sample solution can easily be
estimated. Titrations can be made in glass-stoppered bottles,
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glass-stoppered Erlenmeyer flasks, or iodine flasks, if desired, to
minimize losses attributed to volatility. Many of the indicators
mentioned by Smith and Bliss, and Kolthoff and Stenger can
be used instead of methyl orange without increase of the blank.
The precision compares favorably with that of other methods,
as can be seen from the reproducibility of results.

Several precautions must, however, be observed in using
sodium hypochlorite solution as a titrimetric reagent. It must
be preserved in brown, glass-stoppered bottles. 1t may be kept
at room temperature without deterioration over considerable
periods of time. Keeping the solution at lower temperatures
is perhaps preferable.

The optimum conditions for the titrations are a volume of
at least 35 to 40 ml. with an acid concentration equivalent to
5 ml. of concentrated hydrochloric acid.
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Thiosulfate Washers in Alkoxy Microdeterminations

E. P. WHITE, Chemical Laboratory, Animal Research Division, Department of Agriculture
Wellington, New Zealand

Determinations of methoxy and methylimide groups in which thio-
sulfate alone is used as a washer give values considerably lower than
theoretical. This is due to the solubility of the methyl iodide in the
washer, and a subsequent reaction. Ethoxy and ethylimide deter-
minations are not subject to this loss. The effect of thiosulfate can
be eliminated by using as washer thiosulfate dissolved in saturated
sodium chloride, or by adding cadmium sulfate as in the standard
gravimetric procedure. The minor errors in determinations using
as washers water, phosphorus suspension, or 0.5% sodium carbon-
ate, are insignificant in comparison with that due to thiosulfate. A
rapid distinction between ethoxy and methoxy can be made by
doing a determination with a good washer, such as 0.5% carbonate,
then with 5% thiosulfate; the methoxy value will be reduced to
55 to 70% of the original, while ethoxy remains unchanged.

RK on alkaloids in this laboratory required the de-
velopment of micromethods of alkoxy and alkimide
determination. The apparatus used was that of Pregl for
alkoxy and that of Friedrich for alkoxy and alkimide deter-
minations, and the procedure was essentially that of modern
textbooks of microchemistry. Three to 5 mg. of material were
weighed on tinfoil, dissolved in phenol and acetic anhydride,
heated with hydriodic acid, and passed through a washer of 5%
thiosulfate containing 0.5% sodium carbonate. Final estima-
tion was by the Viebock-Breeher method. Preliminary experi-
ments with the Friedrich apparatus showed that the values
obtained with vanillin and several alkaloids did not agree with
theory, calculation being from first principles. The titration
obtained’ with all methoxy-containing substances was only 50
to 70% of the theoretical, while ethoxy values agreed closely
with theory. The method was then examined in detail and many

of the more obvious possible sources of error were eliminated.
The same effect was found in the Pregl apparatus. The only
factor not eliminated appeared to be the washing solution. Con-
sequently, red phosphorus suspension, the original washer of
Pregl (5), as well as water and 0.5% sodium carbonate was tried.
These gave theoretical results in the Pregl apparatus, and values
some 5% low in the Friedrich apparatus. The use of thiosulfate
as a washer was then investigated, and the literature searched for
counterindications to its use. Thiosulfate washers are almost
universally used and recommended by the later workers in
microchemistry.

EXPERIMENTAL

Known amounts of methyl iodide were introduced into the
Friedrich apparatus without any hydriodic acid, drawn through
various washers, and titrated in the ordinary way. With no
washer, or with water, phosphorus suspension, or 0.5% carbon-
ate the recovery was almost theoretical. With thiosulfate there
was only 50 to 65% recovery, thus confirming the effect of thio-
sulfate.

A survey of results obtained with various washers in the Pregl
apparatus is given for vanillin in Table I, and for phenacetin in
Table I1, which show that the effect of thiosulfate on the methoxy
value is detected when 1 ml. of a 1.5% solution is used. This
effect becomes much larger when 5 to 10% thiosulfate is used,
while with very high concentrations (40%) theoretical values
are again obtained. With ethoxy there was no detectable effect
in any concentration.

DISCUSSION

The effect of thiosulfate is explained as a result of two factors:
(1) the solubility of the alkyl halide in the washing solution, with
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Tabic I. Methoxy Values on Vanillin (Theory 20.36)“
Volume of Titration, . Volume of Titration,
Washing Washing Sub- 0.0188 N Washing Washing Sub- 0.0188 N
Solutions Solution Btance Thiosulfate Methoxy Solutions Solution stance Thiosu;fate Methoxy
ML MO. ML % MI. Mo. ML %
W ater 0.5 3.790 7.44 19.1 5% thiosulfate 5.298 7.15 13.1
3.210 6.66 %8'% 4.022 5.97 14.4
io ééff 191'38(9) 207 5% _thiosulfate with 1.0 5.885 8.51 14.1
3.546 749 20.5 0.5% carbonate 3.568 5.24 14.3
. 10% thiosulfate 0.b 4.531 6.08 13.0
0.5% sodium carbon- 0.5 4.292 8.52 19.3 5.284 7.89 145
ate 3.930 8.07 20.0 1.0 4.172 6.61 15.4
3.552 7.56 %8; 3.600 5.80 15.6
) ) 3.193 6.66 : 20% thiosulfate 1.0 3.692 6.05 15.9
1.%% sodium  bicar- 0.5 4.110 8.52 %8'% 3.423 5.60 15.9
onate 3.250 6.69 . .
1.5% sodium thiosul- 0.5 3.881 7.57 19.0 40% thiosulfate 1.0 3.767 8.08 20.2
fatc 4.117 8.34 19.7 3.892 8.30 20.7
3.350 6.69 19.7 80% thiosulfate %8 5.252 10.39 19.2
. 3.492 7.29 20.3 5% thiosulfate in satu- ) 5.470 10.80 19.2
1.0 5.454 10.11 18.0 rated sodium chlo- 3.780 7.87 20.2
3.217 6.61 20.0 ride 4.900 10.29 20.4
3.112 5.60 17.8 4:959 10.32 20.2
3.388 6.53 18.7 3.008 6.21 20.1
) 3.770 6.00 155 2.5% thiosulfate and 1.0 5.090 10.45 20.0
5% thiosulfate 0.5 5.710 9.50 16.2 2.5% cadmium sul- 4.420 9.11 20.0
4.038 7.68 18.5 fate 3.545 7.43 20.4
4.026 7.49 18.0 3.944 8.33 20.8
ito 3.668 5.80 15.4 5.049 10.71 20.6
xy Values on Phenacetin (Theory 25.14)° 5% cadmium sulfate. The use of the latter material for re-
. Volume of Titration, moval of hydrogen sulfide was due to EdIbacher (S). Friedrich's
S"‘éfjn(')’;]gs ‘g’glsuq:g% Sf/aunbc-e T0h-9188|th Ethox values were correct, as would be expected from this study, but
L Mo '°NS|‘|J ate % y he does not insist on the admixture with cadmium sulfate.
: : 0 Friedrich (5) states that use of cadmium sulfate is not necessary
Water 0.5 a-ra4 813 289 if the acid Is free from sulfide. The standard washer for the
2787 294 281 gravimetric method (Roth, 102 is 1 ml. of equal volumes of 5%
) . 4.213 7.57 25.3 thiosulfate and cadmium sulfate. As indicated in the table,
5 % thiosulfate .o 4.051 r.a1 25.8 this washer is perfectly satisfactory, and because of a chance
5.680 9.91 24.6 SO : h il
0.5 3666 659 753 effect which is not quite expected, the thiosulfate effect is elimi-
10% thiosulfate 1.0 2'?%? 8.65 ggg nated, and results are free from error. This washer has also
. . 7.50 . i ifi i i -
20% thiosulfate io LT 530 23 been used in modified volumetric methods by Elek {4) Christen

° Several blanks gave 0.05 to 0.07 ml. of thiosulfate with the washers used,
though a few with high thiosulfate concentrations gave up to 0.20 ml. When
bromine was removed by several drops of formic acid, the resulting solution
gave no detectable liberation of iodine from potassium iodide. Tne phenol
method of Nanji (8) was notneeded.

a consequent dependence on the volume of washer used, and

(2) the rate of reaction of the dissolved halide with thiosulfate.

Methyl iodide and thiosulfate react in water according to a well-
known bimolecular reaction investigated by Slator {11). At
25° C. his data show for 0.035 N thiosulfate and 0.018 N methyl
iodide a half-time of 10 to 12 minutes, with Ki = 0.85. The ethyl
iodide reaction is slower with Kt at 25° = 0.050. This reaction
is expected to occur in methoxy determinations because of the
appreciable solubility of methyl iodide in water. At 20° 1.40
grams of methyl iodide dissolve in 100 grams of water {7). With
very concentrated thiosulfate the solubility is apparently de-
pressed, and little if any reaction can take place. The solubility
of methyl iodide in concentrated neutral salt solutions would be
expected to be much less than in water. With 1 ml. of 5% thio-
sulfate in saturated salt, no loss was found. Addition of an
equal volume of 5% cadmium sulfate also completely suppressed
any reaction, apparently through more than a solubility effect.
In the case of ethyl iodide the lower rate of reaction and the
lower solubility (at 20° 0.401 gram of ethyl iodide dissolves in
100 grams of water, 7) combine to give no detectable effect.

Satisfactory results were obtained by Pregl (0), using phos-
phorus susgension as a washer for alkoxy and alkimide deter-
minations by Viebock and Brecher {IS), and by many later
workers using modified apparatus. The main purpose of the
washer appears to be to remove hydrogen iodide vapors, rather
than iodine itself, and for this purpose an aqueous washer appears
effective even in alkimide determinations. Phosphorus sus-
pension was criticized by Friedrich {6) as it is incapable of re-
moving iodine rapidly’. He therefore used for the gravimetric
method 3% thiosulfate to which was added an equal volume of

sen, Friedman, and Sato {!), and Cooke and Hibbert (2) with
good results.

Slotta and Haberland {IS) used for the volumetric method 1
ml. of 1.5% thiosulfate to which was added 0.5% sodium car-
bonate, and gave a few examples which were close to theory.
From Table | it is seen that with 1 ml. of thiosulfate of this con-
centration a lowering is detected, but with 0.5 ml. little if any
lowering. The washer for the volumetric method generally
adopted by Friedrich (5) and by Roth {10) is 1 ml. of 5% thio-
sulfate with optional addition of 0.5% carbonate. Roth states
that this washer was used by Slotta and Haberland. The car-
bonate was found to have no effect on the thiosulfate reaction,

. and this washer was incapable of giving anything near the theo-

retical results. Friedrich {5) states that he used this washer for
5 years with completely satisfactory results. He gives no ex-
ample of calculation and makes no mention of empirical correc-
tions. In the volumetric methylimide determination he states
that I ml. of 0.01 N thiosulfate = 0.1502 mg. of CHj (N), which,
divided by 6, is in agreement with theory. Roth {10) also makes
no mention of low results or empirical corrections. He gives
1ml. of 0.02 N thiosulfate = 0.6204 mg. of OCH3 which divided
by 6 is theoretical, His factors given for calculation of methoxy,
ethoxy, methylimide, and ethylimide arc all in agreement with
theory, assuming 100% recovery of alkyl iodide.

LITERATURE CITED
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SARGENT CONE DRIVE

STIRRING MOTOR

Smooth, Yibrotionless Drive with full power of motor delivered at all speeds

Throughout the entire speed range of 75 to 1300
rp.m., the Sargent Cone Drive delivers full motor
power, is vibrationless and silent, and assures con-
stancy of any selected speed. It is, therefore, as effi-
cient for such applications as the rotation of electrodes
and calorimeter paddles at speeds of about 200 r.p.m.
or less, as it is for general stirring operations at higher
speeds. Fine adjustment of speed is made by means
of an adjusting nut which changes the effective diam-
eter of the cone in contact with the friction ring. Be-
cause the motor is a brushless, induction type not
containing centrifugal switches, it is relatively safe
against explosion. The simple right angle clamp per-
mits rapid adjustment of the motor to any desired
position in horizontal and vertical planes.

S-76445 Sargent Cone Drive Stirring Motor. (Patent No.
1,973,576.) Complete with cross support rod, right angle clamp,
connecting cord and plug, but without support stand. For

operation from 115 volt A.C. 60 cycle circuits............... $28.50
S-76455 Ditto. But forll5 volt D.C.CircuitS....cccecvvvvnnnee 32.00
S-76465 Ditto. But for230 volt A.C.60 cycle circuits.... 29.50
S-76475 Ditto. But for230 volt D.C.circuits.....cccovvrunnnne. 33.00
S-76480 Anode Chuck and Cathode Collet.....cccccovviennnnnns 1.50

S-79225 Support only for Sargent Cone Drive Stirring Motor
(illustrated above). Designed with considerable mass to mini-
mize support vibration. The heavy U shaped base accommo-
dates vessels up to six inches in diameter and larger vessels
can be placed on top of the base which has a flat surface. Sup-
plied with a %" rod, 30 inches long and adjusting screws to
insure a solid four point support on any surface. Each $10.00

E. H. SARGENT & COMPANY, 155-165 East Superior Street, Chicago 11, lllinois

Michigan Division: 7959 East Jefferson, Detroit 7, Michigan

SCIENTIFIC

LABORATORY

SUPPLIES
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IDENTIFICATION OF AMIDES

REAGENT — Xanthydrol
METHOD — Formation of Derivatives
REFERENCE — Phillips & Pitt, J. Am. Chem. Soc., 65, 1355 (1943)

| insubstituted primary amides react with Xanthydrol in acetic acid to form
N N-xanthyl amides. Pure dry crystalline products are readily obtained
and these have definite melting points which are used for identification.
The reaction is rapid; only about one-half hour is required to form and
separate the derivative. Xanthydrol solutions are stable for several months.
The reagent is available as Eastman 1559 Xanthydrol, MP 121-123°.

Write for an abstract of the article which gives the procedure for the
identification of 'primary amides with Xanthydrol, as well as the
melting points of N-xanthyl derivatives of 21 typical amides. . ..
Eastman Kodak Company, Chemical Sales Division, Rochester, N. Y.

There are more than 3400

Eft
KODAK. EASTMAN ORGANIC CHEMICALS

N O N O ISE « 4 A Jeklkt jbpua-B ealpuwupA

Their precise machining
and quiet motors insure
virtually noiseless opera-
tion even when batteries
of them are running at the
same time.
FREE AIR CAPACITY—

33.4 Liters Per Minute

OPTIMUM OPERATING SPEED
300 Revolutions Per Minute

OIL REQUIRED
650 ml. Duo-Seal Oil

ELECTRONICS -

No. 14BH DISTILLATIONS
DUO-SEAL VACUUM PUMP, Mot Dri .
Vacuum .05 micron — free air cap:ciot;/ gfm?l-g.n4 FREEZING
[iters Per MinULE ..o 140.00
W ith larger motor giving 57 liters free air capacity d DRY I NG
per minute and vacuum of 0.1 micron $155.00

Order Now for Prompt Shipment This valuable Booklet FREE
W. M. Welch Scientific Company ' '@uable Booklel FREE

Established 1880 Write for Your Copy. >
1518 Sedgwick Street Chicago 10, Illinois, U.S.A.
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RESIN REACTION ASSEMBLY

J-1299

WITH FOUR NECKS AND REMOVABLE TOP

Constructed'entirely of Pyrex Brand Glass, with tooled "Inter-Joints" on the cover,
and with a carefully ground flange between the top and bottom section. By using a
suitable lubricant or vacuum cement a vacuum tight connection can be made
between the two parts of the reaction vessel.

The reaction vessel was designed to facilitate the removal of solid or viscous mate-
rials produced in many resin reactions and fusions. The flanged two-part reaction
vessel permits easy access to the lower chamber for filling and cleansing.

Large and efficient stirrers, which would not fit through the opening in the ordinary
three-neck flask, can be used.

Although we illustrate and list the Reaction Assembly with a condenser,
thermometer, and stirring device, any combination of accessory equipment
supplied.

J-1299 GLASS REACTION ASSEMBLY, INTER-JOINT, PYREX BRAND GLASS. Complete
as listed below, but without thermometer.

CAPACITY ML. 500 1000 1500 2000 3000
f on center neck 29/42 29/42 29/42 29/42 29/42
T on side neck 24/40 24/40 24/40 29/42 29/42
COMPLETE 48.45 50.95 51.70 54.15 57.65
Reaction Flask 15.00 17.50 18.25 20.00 23.50
Condenser, 40 cms. 6.40 6.40 6.40 6.90 6.90
Vacuum Adapter 1.yu 1.90 1.90 2.00 2.00
Filling Tube, 125 ml. 7.25 7.25 7.25 7.35 7.35
Stirrer Assembly 17.90 17.90 17.90 17.90 17.90

GLAS-COL HEATERS, specially designed for the above reaction vessel are now available. Wattage
ratings are the same as on our Hemispherical Mantles.

CATALOG NUMBER FH-506 FH-508 FH-509 FH-510 FH.312
PRICE EACH 14.00 16.75 18.50 22.00 25.50

GLAS-COL HEATING MANTLES
FOR SAFETY—ECONOMY—DURABILITY

Many fires occur every year in laboratories and
plants the origin of which can be traced directly to
glowing wires in certain types of electrical heating
devices, open flames or oil baths. Loss of property
and serious personal injury—even loss of life
has occurred. The low gradient nichrome heaters
plus an all glass cloth construction and no glow-
ing wires exposed proves Glas-Col for Safety.

The size and resistance of the heating elements are
chosen so that it will not be necessary to operate
anywhere near red heat.

Glass cloth and nichrome wire provide a combination
which resists most corrosive liquids and will for an
indefinite period stand heating up to 400 C.

WRITE FOR "GLAS-COL" BULLETIN H-18

ilm jp ug CDMPRNV
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GLASS ABSORPTION CELLS

Solo manufacturer in the
"Ar United States of fused
Electrophoresis Cells.

"At

Mahers of complete
Electrophoresis Apparatus

Literature sent
Upon Request

PHOTOELECTRIC COLORIMETER
and FLUORESCENCE METER

Vitamin determination Is but one
of the many analyses that can be
performed easily, quickly accu-
rately with the LUMETRON.
Let us help with your particular
problems; write for complete,
illustrated circular.

SCHAAR & COMPANY

Complete Laboratory Equipment

754 WEST LEXINGTON ST., CHICAGO

OF FINE QUALITY

Fused in an electric furnace with cement

that is acid, alkali and solvent resistant.

Optical Flat Walls. Many stock sizes are

available. Special sizes made to order.

KLETT SCIENTIFIC PRODUCTS
KLETT-SUMMERSON PHOTOELECTRIC COLORIMETERS
COLORIMETER NEPHELOMETERS e FLUORIMETERS e BIO-
COLORIMETERS UECTROPHORESIS APPARATUS  «

GLASS STANDARDS e« KLETT REAGENTS

«

LaMotte Electro-Plating Service

Mass production of electroplated parts for war
materials has taxed the capacity of all electro-
plating plants. Metals are scarce and must be
conserved. The large LaMotte unit, Model U7
illustrated above, provides the operator with
complete facilities for efficient plating room con-
trol of acid copper, cyanide copper, acid zinc,
cyanide zinc, cadmium, brass and bronze plating
solutions. Price $50.00 f.0.b. T'owson.

Individual units or small combination sets are
also available for the following:

Acidity and alkalinity (pH) of all types of

baths. Chlorides, Nickel content, Ferrous

Iron and Acid Copper.

Dept. F, Towson-4

pais
BALTIMORE, MD,

16, No. 3
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Longer Lasting Laboratory Ware

Due to its great refractoriness, ALUNDUM (Al120 3 Laboratory Ware can
be washed and ignited to constant weight immediately after a filtration. Thus the
devices (dishes, cones, crucibles, discs, thimbles) can be used over and over. And in
addition to being chemically inert, ALUNDUM devices are available in a variety of

permeabilities— high, medium and low.

21
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TEMPERATURES
Uato2 500 °F.

for your small
heating operations

withtheBurrell
Little Giant

This high-temperature box-type furnace with
heating chamber 4" wide x 3U2 high x 4"
deep, provides convenient space for:

* Technical Research
e Heat Treating

e« Cement Testing

¢ Ceramic Firing

e Glaze Testing

¢ Alumina Ignitions
e Chemical Fusions
e Insulation Fusing

e Tool Hardening

For complete information on all types of box,
tube, muffle or pit high-temperature furnaces,
write for Burrell Catalog F-241.

Burrell
TECHNICAL SUPPLY COMPANY
1936-42 Fifth Avenue Pittsburgh (19), Pa.

Jasic equipment

OF ALL MODERN
TESTING
LABORATORIES

MOUTAH and PESTLE
/3 Colorado Pn&duci
0j. H Voddto-ide rfatne

Coors Porcelain Company »
ITTIUFIH GOLDEN, COLORADO ~

M iiis, washers and calenders in
a range of sizes for laboratory
work in natural and synthetic
rubber and plastics. Heavily con-
structed and precision built. For
full details write

NATIONAL RUBBER MACHINERY CO.

General Offices: Akron, Ohio
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Spencer Refractometer No. 10074 (.which _has no Amici com-
pensating prisms) being used with a GE Sodium Lab-Arc.

Use the REFRACTOMETER
In Process Control

Optical measurements, such as the determination of
refractive index or dispersion, when correlated with indus-
trial processes, often form a quick and convenient method
of control.

Generally, it is only necessary to measure refractive
index with light of a single wave length (or with white light
and a built-in compensating system) to determine concen-
trations in two-component mixtures of known indices. The
concentration of materials remaining in complex mixtures
from which a single component is being removed can like-
wise be controlled precisely. In more complicated cases,
this measurement still permits close control wherever a
definite relationship exists between refractive index and the
variables of the process.

In some cases™* it is necessary to measure refractive index
with light of two different wave lengths to determine con-
centrations or identify materials.

Spencer Refractometer No. 10074 when used with
monochromatic sources is particularly suited to this work.

*See “The Abbé Refractometer and the Use of Dispersion Meas-
urement in the Petroleum Industry” by M. G. Brown, Ph.D
which appeared in January 6, 1944 issue of Oil and Gas Journal
Page 42. Reprints sent on request

SPENCEr iens cowrany

BUFFALO, NEW YORK
SCIENTIFIC INSTRUMENT DIVISION OF
AMERICAN OPTICAL COMPANY

Spencer Lens Company
¢9 Doat Street
Buffalo, New York

Please send:

Reprint mentioned above O
Catalog of Refractometers 0O

Position .

Address...
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All in controllable

cycles inside the

NEW ATLAS TWIN ARC

WEATHER-OMETER

R.fcSU”S
LS FAST

HE new Atlas Twin-
Arc Weather-Ometer has
been developed to save
time where speed in testing
is essential.

Where Federal Specifi-
cations call for a definite
number of testing hours in
the Atlas single arc
Weather-Ometer, this time
can be cut in half in the
Atlas Twin-Arc.

Exclusive Atlas Twin-Arc
Weather-Ometer features:
1. Temperature control.

2. Unlimited range and
control of Light and
Water Spray Periods.

3. Adjustable and auto-
matic timing.

. Insulated test chamber.

5. Operates continuously

24 hours without man-
ual attention.

Originators and sole manu/acturers
ot accelerated testing devices lor a
quarter of a century. Fade-Ometer,
Weather-Ometer, Launder-Ometer are

6. Carbon cost 28c per used all over the world as accepted
day. standard testing machines.
7. Full automatic — Safe

to operate unattended overnight.

8. Control panel contains Volt and Ammeters—Time Meter—
Light and WaterCycle switch—Automatic time cut off
switch— Voltage adjusting switch—Direct reading thermal
regulator— Reactance Coil (cuts power cost in half).

The Single Arc Model is a popular machine where high speed
is not required.

ATLAS ELECTRIC DEVICES CO.
361 W. Superior St.,, Chicago, lllinois

ATLAS-OMETERS

WEATHER-OMETER  * LAUNDER-OMETER  * FADEOMETER
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THE

“BRABENDER"”

RECORDING
VISCOSIMETER

FOR MEASURING AND RECORDING THE
VISCOSITY OF PAINTS, PIGMENTS, VAR-
NISHES, PRINTING INKS, ADHESIVES,
OILS AND GREASES, CHOCOLATE, ICE
CREAM, STARCH OR ANY VISCOUS MA-
TERIAL FROM ABOUT 1 POISE UPWARD.

Has 6 Different Speeds

A Variety of Paddle Adaptations
Turntable Adjustable in Height
Several Torsion Springs Available

See: "A New Recording Viscometer for Paint Con-

sistency Measurements™ by C. R. Wicker and J. A.
Geddes, A.S.T.M. Bulletin, January 1943, pp. 11-18.

Detailed information and current price
will be furnished promptly on request.

WILL

Office and Warehouses

COR PO RATIO N
ROCHESTER, N. Y.

Will Corporation, 596 Broadway, New York City
Buffalo Apparatus Corp., Buffalo, N. Y.

LABORATORY APPARATUS
, A ND CHEMICALS

INDUSTRIAL AND ENGINEERING CHEMISTRY Vol. 16, No. 3

THE CONSTITUENTS OF
WHEAT and WHEAT PRODUCTS

by C. H. BAILEY
Professor of Agricultural Biochemistry and Director of the
Agricultural Experiment Station, The Unioersity of Minnesota

American Chemical Society Monograph No. 96

Now more than ever before, wheat is the staffof life, and it is
sure to be an essential economic factor in the postwar world.
This volume presents an exhaustive and critically evaluated
survey of the many studies made on its chemical constitu-
ents. These are interpreted in the light of modern knowl-
edge of nutrition. AIll workers in the food and cereal proc-
essing industries will find this book an essential addition to
their libraries.

CONTENTS

Introduction; Early Researches on Wheat Proteins; Pro-
lamins of Wheat; Glutelins of Wheat; Water- and Salt-
soluble Proteins; Crude Protein and Crude Gluten; Starch;
Non-Protein Nitrogen; Minerals; The Halogens, Sulfur and
Selenium; Sugars; Gums; Pentosans; Hemicelluloses and
Cellulose; Lipids, Phospholipids and Sterols; Acidity;
Carotinoid Pigments; Vitamins of Wheat and Wheat Prod-
ucts.

332 pages Illustrated $6.50

THE PHYSICAL CHEMISTRY OF

ELECTROLYTIC SOLUTIONS

by HERBERT S. HARNED
Professor of Chemistry, Yale Unioersity

and BENTON B. OWEN
Associate Professor of Chemistry, Yale Unioersity

American Chemical Society Monograph No. 95

This is an authoritative treatise on the theory and proper-
tiesofstrong and weak electrolytes. The presentation of the
theory is unusually complete, and includes the treatment of
all of the thermodynamic properties of ionic solutions as
well as conductance, frequency and field effects, viscosity,
and diffusion. The theoretical equations are reduced to
their simplest forms, and numerous tables are given as an
aid in practical computations.

Great emphasis is placed upon modern experimental
methods and the most accurate results. Among the topics
covered in detail, and from this point of view, are conduct-
ance, transference, viscosity, diffusion, ion association, fre-
quency and field effects, thermochemistry, piezochemistry,
partial molal quantities, freezing points, boiling points,
vapor pressures, and galvanic cells. The last five chapters
deal with the properties of solutions of hydrochloric acid,
1-1 electrolytes, polyvalent electrolytes, mixtures of strong
electrolytes, and weak electrolytes, respectively. Wherever
practical, these properties are discussed as functions of con-
centration, temperature, pressure, and dielectric constant.

Numerous figures are used to clarify the presentation, and
about 165 tables of selected data appear in the text and ap-
pendix. For convenience and utility as a reference work,
tables, equations, and subjects are thoroughly cross-refer-
enced. The indexes and glossary of symbols are very ex-
tensive.

This treatise will be of great value to investigators and
students in any field which involves ions in solution.

611 Pages . . . Illlustrated . . . $10.00

RANHODPUBUISHNG QCRP.L IS S 5
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CHEMICAL

METALLURGICAL
RESEARCH
INDUSTRIAL
CLINICAL
EDUCATIONAL

e ATTEND the 107th National Meeting of The American Chemical Society
to be held in Cleveland during the week of April 2nd.

e VISIT our modern, new building; located just outside of the down
town shopping and convention district.

9 INSPECT our fine exhibit of equipment and supplies, designed to facili-
tate the efforts of the scientific laboratory.

* RESERVE your copy of our new catalog "H" now being printed — by
writing on your company's letter head . . .

Catalog "H" is an up-to-date listing of supplies used in daily laboratory
operations. The helpful information it contains will benefit all active
laboratories.

THE CHEMICAL RUBBER COMPANY

Scientific Equipment - Analytical Chemicals - Laboratory Supplies
HANDBOOK OF CHEMISTRY AND PHYSICS
2310 Superior Avenue, N.E. Cleveland 14, Ohio

for Quality |LUMETRON

Photoelectric COLORIMETER and FLUORESCENCE METER

A high precision instrument of unusual
flexibility for all tests involving . ..
TRANSMISSION
FLUORESCENCE
TURBIDITY
U. V. ABSORPTION

USTRIA
RY T

INDUS L
LABORATORY TABLE 6610

FOR MORE THAN 50 YEARS

Peterson laboratory furniture has come through the past half
century with a reputation for quality and integrity which, to shrewd
buyers, has been the keynote for sound satisfaction.

Today, Peterson furniture receives 1st consideration from some of Mod. 402EF for determination of Vit. Bi and Bi
the nation's largest users who have specified “Peterson' for one Also
decade after another. Colorimeters Photometers
Reflection Meters Smoke Meters
Let Peterson Experts help you plan any changes or ad- Glossmceter§ - (\:/'tla"."” A Meters
ditions you may require No obligation is incurred. ) ) ontinuous-Flow Colorimeters )
Write for literature. Prompt Delivery.

LEONARD PETERSON & CO., Inc. PHOTOVYOLT CORP.

1222-34 FULLERTON AVE. CHICAGO, U. S. A 95 Madison Ave. New York 16, N. Y.
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PLATINUM OXIDE PtO.

(Adams' Oxide)

This interesting catalyst is now commercially
available.  Uniform quality— platinum con-

tent 80 81% Pt.

W e are also equipped for the recovery of

spent catalysts.

THE AMERICAN PLATINUM WORKS
N. J. R R AVE. AT OLIVER ST.

NEWARK, N. J.

CARBOY DRAINER

AIR VENT

+-« INVERTED SPOUT

REPLACEABLE REINFORCED
SOFT RUBBER CUFF

This carboy drainer is built on scientific lines, designed to prevent
accidents caused by splashing and carelessness in pouring into
smaller containers.

Uninterrupted flow of liquid is assured by the Air Vent which
eliminates pumping or syphoning. This vent and the inverted
spout are made of hard, acid-proof rubber which will stand con-
siderable abuse and the cuff is made of soft rubber which allows
the drainer to be attached to carboys with slight differences in
size of neck. All parts are replaceable.

M 2501 SAFETY CARBOY DRAINER, (any size) EACH, $7.50

MADE IN THREE SIZES
No. 1—5 Gal. Size (1% ' to 2\i")
No. 2— Standard Size (2% to 3")
10 to 13 Gallon
No. 3—Large Size (3J4" to 3]/£")
Special Neck
These dimensions are outside
diameter.
EXTRA PARTS SUPPLIED
Soft Rubber Culf
Hard Rubber Cuff Ring
Hard Rubber Air Vent Tube

THE EMIL GREINER COMPANY

161 Sixth Avenue Serving the Laboratories of America, Since 1880

112 Broadway, Cambridge, Mass.— 389 61st Street, Oakland, CaL—5199 District Blvd., Los Angeles, CaL

16, No. 3

New York 13, N. Y.



